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Abstract

A total number of 200 Oreochromis niloticus (100 from each wild and cultured) were collected and screened for Ichthyophonus infection. The prevalence of infection was 32%. Prevalence was higher for cultured (40%) and females fish (44.7%) than for wild (24%) and males (22.6%). The morphology of Ichthyophonus hoferi was described by electron microscopy at pH 3.5 and 7.0. Kidney is the target organ of isolation of I. hoferi. Clinical signs were lacked in low or moderate infection rates. While, in heavy infected one showed dark coloration and rough skin, nervous disorders and occasionally scales lose and ulceration of the skin. Also, slight abdominal swelling was noticed. Internally, the infected fish showed grossly visible white to creamy fusiform raised nodules or cysts on the internal organs. The infectivity of Ichthyophonus to O. niloticus was examined in laboratory studies. The use of polymerase chain reaction test as diagnostic test was discussed. Histopathological changes associated with I. hoferi infection were described with the aid of light and transmission electron microscope. 

INTRODUCTION

Oreochromis niloticus is a highly valued commercial freshwater fish and gain more popularity allover the world. Fish diseases negatively affect production and reproduction. Ichthyophoniasis is a cosmopolitan systemic granulomatus fungal disease of economic significance because epizootics have resulted in mass mortalities among a wide range of freshwater and marine fishes (Halos et al., 2005; Kocan and Hershberger 2006 and Whipps et al., 2006). However, the fungus pathogencity differ between isolates and among fish species (McVicar, 1982 and Criscione et al., 2002).

Ichthyophonus sp. induced disease was first recorded by Hofer (1893) from cultured brown trout, Salmo trutta and brook trout, Salvelinus fontinalis in Germany. However, the taxonomic position of the causative agent remains an area of debate (McVicar, 1982). Few reports have been recorded on ichthyophoniasis in Egypt. In 1985, ichthyophoniasis was firstly recorded in Egypt among wild African catfish Clarias gariepinus (Faisal et al., 1985). The fillets of the fish infected with Ichthyophonus are very soft, slimy and with strong off odours (Spanggaard and Huss 1996). Human beings infected with Ichthyophonus have not been recorded. Spanggaard and Huss (1996) failed to induce infection in mice. They observed that the survival of Ichthyophonus was less than three minutes at 40°C.

Phylogenetic studies can be depending on the morphological structure, metabolism and DNA or RNA sequences (Spanggaard et al., 1995). The diagnosis of Ichthyophonus hoferi infection is performed by several methods: clinical signs, postmortem examinations and fungal identification by microscopic wet mount squash from the infected organs, histopathology, culture and the polymerase chain reaction (PCR) which is the most efficient method (Spanggaard et al., 1995, Kocan et al., 2004 and Whipps et al., 2006).

     The objectives of the current investigation were to through the light on ichthyophoniasis among O. niloticus and to evaluate the sensitivity of different methods in the diagnosis of I. hoferi infection.

MATERIALS AND METHODS

Sample collection

A total number of 200 Oreochromis niloticus (100 wild and 100 cultured) were collected and sex were recorded for each specimen.

Clinical and postmortem examination

All of the collected fish were subjected to clinical and postmortem examinations (Lucky, 1977).

Isolation and identification of I. hoferi
Fish were examined for the presence of lesions in the internal organs. Microscopical examinations of fresh wet mount preparations from the lesions in the internal organs (heart, spleen, liver, kidney and intestine) were performed for the presence of spores or any other stages of Ichthyophonus. Tissue samples were inoculated into the culture medium under complete aseptic conditions. The culture media used were Sabouraud's dextrose agar (SDA) supplemented with 1% bovine serum and tris-buffered Eagle’s minimum essential medium (MEM, Sigma, St. Louis, Missouri), supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 100 IU/ml penicillin, 100 mg/ml streptomycin, and 100 mg/ml gentamycin (MEM-5 medium). Cultures were incubated at 20°C. Isolates were identified by micrscopical examination of wet mount preparation for the presence of Ichthyophonus and the slides were stained with Lactophenol cotton blue after 14 days of incubation (McVicar, 1982, Spanggard et al., 1994, Halos et al., 2005 and Kocan and Hershberger, 2006).

The morphology of I. hoferi was described using electron microscopy according to the procedure of Spanggaard et al., (1995) and Franco-Sierra and Alvarez-Pellitero (1999).

Effect of temperature on growth

To investigate the effect of temperature on the in vitro growth of Ichthyophonus, isolates were inoculated in tubes containing MEM-10 adjusted at pH 3.5 and 7.0 and incubated at 17, 20, 23, 26, 29, 32, 35, 38 and 41°C for 14 days. In all trials, the growth of fungus at each temperature was evaluated periodically by the use of light microscope. All tests were performed in triplicate.

Experimental infection

A total of 120 apparently healthy O. niloticus fingerlings which reared and acclimatized to the laboratory conditions were divided into four equal groups in a well aerated glass aquaria supplied with dechlorinated tap water. The water temperature was 20±1°C. The first and second groups were experimentally infected with a pure isolate of Ichthyophonus on MEM-10 adjusted at pH 3.5 or 7 at a rate of 0.5ml/l of the aquaria water, respectively. The third group was infected by fed on minced heavily infected internal organs at the rate of 3% of their body weight. The fourth group was designated as a control group and equally subdivided into three sub-groups treated with sterile MEM-10 adjusted at pH 3.5 or 7 at a rate of 0.5ml/l of the aquaria water and sterile minced internal organs at rate of 3% fish body weight, respectively (Spanggaard et al., 1995 and Henfy, 2002). All of fish were kept under strict observation for clinical abnormalities and mortalities for 10 weeks. At the end of experiment all fish were sacrificed and examined for Ichthyophonus infection as previously described.   

PCR test

PCR tests for detection of Ichthyophonus DNA in samples (a pure isolate of Ichthyophonus on MEM-10 adjusted at pH 3.5 and 7, kidney of O. niloticus heavily infected, kidney of O. niloticus with moderate infection of Ichthyophonus, non-infected kidney, a pure isolate of Ichthyophonus on SDA and I. hoferi reference strain) were performed using the procedure established by Criscione et al., (2002) and Whipps et al., (2006).

Histopathological Examination

Tissue specimens from the affected organs from both naturally and artificially infected O. niloticus were fixed in 10 % neutral buffered formalin, processed routinely and 5µ sections were obtained and stained with hematoxylin and eosin and periodic acid Schiff (PAS) (Drury and Wallington 1980).

Tissue specimens from heavily infected kidney (target organ of isolation) were fixed in 2.5% glutaraldehyde, then followed the procedure mentioned for transmission electron microscopy by Weakly (1981).  

RESULTS

Overall infection prevalence of I. hoferi was 32%. A higher percentage was recorded among the cultured fish (40%) than the wild one (24%). Regarding the effect of sex on the prevalence of infection, females were suffered a higher infection rate (44.7%) than males (22.6%) (Table,1).

With respect to the clinical signs associated with I. hoferi infection, no clinical signs abnormalities were recorded among the fish with low or moderate infections. Fish with heavy infection exhibited decreased feed intake, lethargy, emaciation, hemorrhage on the external surface, dark colouration and rough skin, nervous disorders and occasionally scales lose and ulceration of the skin (Fig. 1). Also, slight abdominal swelling was noticed.

Internally, the infected fish showed grossly visible white to creamy fusiform raised nodules or cysts on the internal organs. Also, enlarged and congested visceral organs with small ascetic fluid were noticed (Fig. 2). In addition to, enlarged gall bladder and soft and flabby skeletal muscles were observed.
Microscopical examination of fresh wet mount squash from the infected organs revealed the presence of thick walled multinucleated spherical bodies of variable sizes showing the different developmental stages of the endospores (resting spores) (Fig. 3). In some cases, characteristic germination of the infective agent after the death of fish and formation of new budding yeast like spore (Fig. 3).

Germination of spores started at 2-4 days of incubation. The extensive hyphal growth was noticed on the surface and into the substrate of SDA media and on the bottom of tubes containing Eagle’s minimum essential medium at pH 3.5 and 7 (Fig. 4).

Microscopical examination of the cultures using electron microscope showed branched non-septated hyphae with bulbous hyphal tips and the cytoplasm migrated to be  concentrated at the apex contained spherical multinucleate bodies of varying sizes, with peripheral nucleoli, and abundant glycogen granules. The spore's wall consists of parallel arrangements of microfibrills. The spores had mitochondria with scarce tubulovesicular cristae and rough endoplasmic reticulum. The thickness of the spore wall differed according age and size of spore. Also, the number of the nuclei per spore was extremely differed according to the spore growth (Fig. 5).

The distribution of I. hoferi in various organs of the naturally infected tilapia was demonstrated in table (2), where kidney is the target organ of isolation (100%), followed by liver (87.5%), spleen (50%), intestine (23.4%), heart (15.6%) and gills (12.5%). The lowest was recorded from eye (4.7%). 

Regarding the effect of temperature on the in vitro growth of I. hoferi, growth was noticed at all temperature tested at the end incubation period except at 41C (Table, 3).

Experimentally infected O. niloticus showed nearly similar clinical signs, postmortem and histopathological alterations to those observed in naturally infected ones. Table (4) showed the mortality pattern among the artificially infected fish. The mortality percentages were 26.7 and 20% in the infected groups with a pure isolate of Ichthyophonus on MEM-10 adjusted at pH 3.5 or 7 at a rate of 0.5ml/l of the aquaria water, respectively. While the mortality was 10% in the infected group by fed on minced heavily infected internal organs at the rate of 3% of their body weight.  Re-isolation of I. hoferi from all experimentally infected fish was succeeded. On the other hand, the control group showed neither clinical signs and postmortem lesion nor mortality. Also, no I. hoferi was isolated from the control groups.

The PCR test (Fig. 6) for I. hoferi was very sensitive for the detection of infection at the tissue level (Kidney). There is no doubt that the infective agent of ichthyphoniasis is I. hoferi. 

Electrophoretic pattern of small subunit ribosomal DNA (SSU) r DNA of I. hoferi were:

Lane M: showing 100 bp DNA ladder.

Lane 1: a pure isolate of Ichthyophonus on MEM-10 adjusted at pH 3.5 showing 100 bp DNA ladder.

Lane 2: a pure isolate of Ichthyophonus on MEM-10 adjusted at pH 7 showing 100 bp DNA ladder.

Lane 3: kidney of O. niloticus heavily infected with Ichthyophonus showing 100 bp DNA ladder.

Lane 4: kidney of O. niloticus with moderate infection of Ichthyophonus showing 100 bp DNA ladder.

Lane 5: non-infected kidney (negative sample).

Lane 6: a pure isolate of Ichthyophonus on SDA showing 100 bp DNA ladder.

Lane 7: (+ve) showing the positive amplification of SSU rDNA gene of the I. hoferi reference strain.

Microscopical examination of the lesion in kidney showed the presence of characteristics granulomata. The granuloma consists of resting spores surrounded by leucocytic cells infiltrations. Mature granuloma consists of macrophages, lymphocytes and melanin carrying cells surrounded with connective tissue. Congestion of blood vessels was noticed. Kidneys showed necrosis of the tubules and haemorrahages in the parenchyma. Degenerative changes in the adjacent cells were recorded due to the pressure atrophy. The normal architecture of kidney was lost (Fig. 7). Sometimes, the centre of granuloma contains dead tissue debris and granulated materials. Liver showed sever dilation of the portal veins and sinusoids associated with degeneration in the hepatocytes in diffuse manner (Fig. 7).Hyperemia was detected in the filaments of gills with adhesive hyperplasia in the lamellae (Fig. 8), while the base of the filament had a multiple number of inflammatory cells infiltration (Fig. 8). PAS positive reaction was detected in the filaments as circumscribed spores (Fig. 8).

Melanin pigment cells and oedema were observed in the iris of the eye (Fig.9). There was no histopathological alteration observed and the normal histological structure was recorded in the ovary (Fig. 9).

Histopathological examination of ultrathin sections from the kidney (primary organ of isolation) showed various pathological changes which differed according to the stage of infection (Fig. 10). The multinucleate spore wall consisted of parallel arrangement of microfibrils. The thickness of the wall differed according to age and size of the spore. An increase in wall thickness, along with the stage of the development. Vesicles were observed near the plasmalemma. The endoplasm consisted of granuler matrix containing ribosomes and numerous nuclei. Also, mitochondria with tubulovesicular cristae were bounded by a double membrane. Nucleus had central nucleolus. The pores were surrounded by host cellular reactions in the early stages of infection.

DISCUSSION

Ichthyophonus is a highly pathogenic of economic significance in a broad host range of both freshwater and marine fishes including crustacean, amphibians, reptiles and birds and with a global distribution (Rand, 1994, Spanggaard et al., 1994; McVicar, 1999). Disease significantly affects population abundance of Pacific herring (McVicar, 1999).

The total prevalence rate of I. hoferi infection was 32% among the examined fish. These findings are simulating that recorded by Kocan et al., (2004) about 30% in the Tanana River between 1999 and 2003 and Kocan and Hershberger (2006) was 34%. Jones and Dawe (2002) noticed that the prevalence in 2000 and 2001 ranged from 10.5 to 52.5%. Henfy (2002) recorded 58.8% in tilapia in Egypt. Schmidt-Posthaus and Wahli (2002) showed that 50% of sampled wild brown trout had a granulomatous nephritis with intralesional Ichthyophonus in Switzerland. Whipps et al., (2006) reported that the overall prevalence of I. hoferi infection was ranged from 14.1 to 44.1% in Yukon River Chinook salmon. Lower values were recorded by Halos et al., (2005) in Puget Sound rockfish Sebastes emphaeus sampled from five sites in the San Juan Islands (10.9%). However, a higher prevalence was reported by Franco-Sierra et al., (1997) showed 100% prevalence rate in the northen North Sea. Differences in susceptibility of the different fish hosts to ichthyophoniasis have been reported previously by McVicar and McLay (1985), who found that haddock Melanogrammus aeglefinus apparently tolerated infection, where as the fungus was highly pathogenic to plaice Pleuronectes platessa, Franco-Sierra et al., (1997) showed variability in the prevalence according to host species and McVicar (1999) mentioned that cod may be refractory to infection.

On the same respect, table (1) indicated that a higher percentage was recorded among the cultured fish (40%) than the wild one (24%). These findings are supported by Paperna (1986), Sitja and Alvarez-Pellitero (1990), Shaheen and Easa (1996), Franco-Sierra et al. (1997) and Henfy (2002) who noticed that culture conditions favor the introduction and development of the infection. 

Concerning the effect of sex on the prevalence of infection, females were suffered a higher infection rate (44.7%) than males (22.6%). These results were in agreement with those obtained by Kocan et al., (2004) and Halos et al., (2005) who recorded that mean infection prevalence was significantly more in females than males. In contrast to our finding, Sitja and Alvarez-Pellitero (1990) were recorded higher prevalence for males. Schmidt-Posthaus and Wahli (2002) found that all of the infected fish were adult males. However, Sitja and Alvarez-Pellitero (1990) mentioned that the seasonal pattern of infection might be related to temperature. Infection levels increased with host age (McVicar, 1999).

The highest recovery rate of I. hoferi suggested that kidney is the target organ of isolation (100%), followed by liver (87.5%) and the least in eye (4.7%). These results were supported by Faisal et al. (1985), Paperna (1986), Sitja and Alvarez-Pellitero (1990), Spanggaard et al. (1995), Franco-Sierra et al., (1997), Henfy (2002) and Kahler et al., (2007) who noticed that the well-vascularised organs were the most frequently infected. McVicar (1999) mentioned that the infection degrees of the organs differ with the fish species. In haddock, Melanogrammus aeglefinus, the most obvious lesion occur in the white muscle, in herring in the heart, in plaice in the liver and kidney.

Our inspection of the infected tilapia showed decreased feed intake, black colouration of the external surface, emaciation, nervous disorders and occasionally scales lose and ulceration of the skin. Internally, the infected fish showed grossly visible white to creamy fusiform raised nodules or cysts on the internal organs. These clinical alteration were in harmony with those observed by McVicar (1982), Shaheen and Easa (1996), Franco-Sierra et al., (1997), McVicar (1999), Henfy (2002), Zubchenko and Karaseva (2002) and Kocan et al., (2004) who found that the behavioral changes and changes associated with organ failure such as lethargy, emaciation, colour abnormalities, fluid accumulation, nervous disorders, presence of visible punctate white lesions in internal organs and increase mortality. However, signs of the disease are species-related and depend on the condition of individual fish and infection rate (Neish and Hughes, 1980). On the other hand, Rand (1994), Schmidt-Posthaus and Wahli (2002) and Halos et al., (2005) found that no external gross signs were observed among the infected fish.

McVicar (1999) showed that the characteristic germination which happened to I. hoferi after the death of the fish may be used as specific diagnostic index.

Ichthyophonus growth was recorded on all media as previously reported by other authors (Franco-Sierra, 1994 and Henfy, 2002). The morphology of the stages of Ichthyophonus were generally similar to those previously described by McVicar (1982), Faisal et al., (1985), Paperna (1986), Spanggaard et al., (1994), Spanggaard et al., (1995), Shaheen and Easa (1996), Franco-Sierra and Alvarez-Pellitero (1999) and  Henfy (2002).

The physical and chemical limits for growth of Ichthyophonus have been studied to understand better the ecology of both as a possible food contaminant and a fish pathogen (Spanggaard and Huss, 1996). Our results showed that I. hoferi could grow in a wide range of temperature except at 41°C (table, 3). The wide range of temperature for growth of Ichthyophonus contributes to the appearance of the disease in different climatic conditions. Sitja and Alvarez-Pellitero (1990) demonstrated that I. hoferi could grow between 3 and 20 °C but that its optimum temperature was 10 °C. On the other hand, the Mediterranean Sea bass displayed a lower growth range: 10-14C (Franco-Sierra, 1994). Spanggaard and Huss (1996) detected no significant differences in the growth ability in temperature range 0-25°C. They did not observe growth at 30°C. Zubchenko and Karaseva (2002) isolated I. hoferi after 3 months of incubation at 4 – 5°C. Spanggaard et al., (1995), Spanggaard and Huss (1996) and McVicar (1999) found that variable pH, carbon dioxide, glucose availability and salinity affected the growth of I. hoferi.

Experimentally infected O. niloticus showed nearly similar clinical signs, postmortem and histopathological alterations to those observed in naturally infected ones. The mortality percentages were 26.7, 20 and 10% in the infected groups with isolate of Ichthyophonus cultured on MEM-10 adjusted at pH 3.5 or 7 and fed on minced heavily infected internal organs, respectively. On the other hand, the control group showed neither clinical signs and postmortem lesion nor mortality. Such findings were met by Henfy (2002), Jones and Dawe (2002) and Kocan and Hershberger (2006) who induced infections in different fish species by exposure to homogenates of infected tissues or a pure culture of I. hoferi.

Molecular biology gives information on the evolution and phylogeny of organisms, but it must be used in combination with morphological features (Franco-Sierra and Alvarez-Pellitero, 1999). According to our knowledge, this is the first time for the identification of I. hoferi with the aid of PCR in Egypt.

The application of molecular technology had clarified that the infective agent I. hoferi in Egypt. Our result went hand in hand with Criscione et al., (2002), Whipps et al., (2006) and Kahler et al., (2007) who found that PCR was very sensitive and specific for detecting I. hoferi infection at the tissues level. Whipps et al., (2006) and Kahler et al., (2007) found that PCR analysis of heart tissue was highly sensitive and specific for Ichthyophonus and comparable to established procedures using culture and histology. In addition, samples collected for PCR can be archived and stored indefinitely in ethanol, thus making this method ideal for field collections where storage, controlled environment, and timely sample treatments can be problematic. 

Whipps et al., (2006) mentioned the advantages of PCR over culture and other diagnostic techniques: (1) samples do not require any special incubation or handling after collection, (2) PCR diagnosis safe the time, (3) large numbers of samples can be tested easily using PCR, (4) diagnosis can be made even if the organism is no longer viable, (5) the DNA sequence generated using PCR can be used for taxonomic separations from other species. On the other hand, the disadvantages in using PCR are that the fragments of DNA can be detected irrespective of living and dead organism, making the status of the infection difficult to discern. Likewise, many PCR tests are not quantitative, and thus the severity of infection cannot be assessed in this manner. Because of the inherently sensitive nature of PCR, precautions must be taken to minimize the likelihood of cross contamination between samples which could result in false positives. Spanggaard et al., (1996) showed that the I. hoferi isolates infecting herring were identical irrespective of geographic origin.

Histopathological examination provides useful information for the diagnosis of the disease (McVicar, 1999). Histologically in the early stages of infection there was sever inflammatory reactions surrounding the invading pathogen. Then a strong granulomatous reaction seems to be able to isolate the fungus and avoid its dissemination. The different fungal stages were noticed. Our observations confirmed the classic pictures described for ichthyophoniasis in a variety hosts described in various reports (McVicar 1982, Paperna, 1986, Sitja and Alvarez-Pellitero 1990, Shaheen and Easa 1996, Franco-Sierra et al., 1997, Henfy 2002, Jones and Dawe 2002, Schmidt-Posthaus and Wahli 2002 and Zubchenko and Karaseva, 2002). Kurata et al., (2008) noticed that the encapsulation process was observed over 1 week in response to I. hoferi. The leukocytes were identified as either macrophages in the inner layer, or neutrophils and lymphocytes in the outer layer. The encapsulation response was inhibited by treatment with heat, but not formalin or methanol. The recognition of heat-unstable molecules on the pathogen surface could induce encapsulation.

The ultrastructure changes associated with Ichthyophonus infection were generally similar to those previously described in different fish hosts (Paperna, 1986, Franco-Sierra and Alvarez-Pellitero, 1999). Paperna (1986) suggested that the spore growth led to the destruction of the host cells and subsequently adjacent cells. Sinderman and Scattergood (1954) revealed the following three stages of infection route; (1) the fish are infected either by direct ingestion of multinucleated spores from the water or indirectly by infected copepods; (2) the spores germinate in the digestive tract and (3) the fungus invade the tissue via the blood vessels. Our results supported all the previously mentioned concepts.

It could be concluded that ichthyophoniasis may be considered as a potential threat for the cultured fish as the culture system encourage the transmission of infection. It is expected increase in the prevalence of ichthyophoniasis in the future. Clinical signs were recorded only in heavy infected fish. The multinucleate cyst is a pathogonmonic to the infection.  I. hoferi infection causes a sever damage in the well vascularized tissues. Kidney is the target organ for I. hoferi infection monitoring. The prevalence could be related to sex. I. hoferi could grow in a wide range of temperature. PCR is the most sensitive and specific tool to detect I. hoferi infection.
Table 1. Prevalence of I. hoferi infection among the examined fish.

	Fish species
	Sex
	Cultured
	Wild
	Total

	
	
	No. exam.
	No. inf.
	%
	No. exam.
	No. inf.
	%
	No. exam.
	No. inf.
	%

	O. niloticus
	Male
	60
	17
	28.3
	55
	9
	16.4
	115
	26
	22.6

	
	Female
	40
	23
	57.5
	45
	15
	33.3
	85
	38
	44.7

	Total
	100
	40
	40
	100
	24
	24
	200
	64
	32


Table 2. Distribution of I. hoferi among different organs of the naturally infected fish.

	Fish type
	No. of exam.
	No. of inf.
	Site of infection

	
	
	
	kidney
	Liver
	Spleen
	Intestine
	Heart
	Gills
	Eye

	
	
	
	No. of inf.
	%
	No. of inf.
	%
	No. of inf.
	%
	No. of inf.
	%
	No. of inf.
	%
	No. of inf.
	%
	No. of inf.
	%

	O. niloticus
	200
	64
	64
	100
	56
	87.5
	32
	50
	15
	23.4
	10
	15.6
	8
	12.5
	3
	4.7


Table 3. Effect of temperature on the growth of Ichthyophonus.

	
	Temperature

	
	17
	20
	23
	26
	29
	32
	35
	38
	41

	Growth
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	-


(+++) heavy growth         (-) no growth.

Table 4. Mortality rates among O. niloticus artificially infected with I. hoferi.
	Fish group
	No. of fish
	Infectious materials
	Dose
	No. of dead
	Mortality %

	I
	30
	I. hoferi on MEM-10 at pH 3.5
	0.5ml/l of the aquaria water
	8
	26.7

	II
	30
	I. hoferi on MEM-10 at pH 7
	0.5ml/l of the aquaria water
	6
	20

	III
	30
	Minced heavily infected organs
	3% of their body weight
	3
	10

	VI

(control)
	10
	Sterile MEM-10 at pH 3.5
	0.5ml/l of the aquaria water
	0
	0

	
	10
	Sterile MEM-10 at pH 7
	0.5ml/l of the aquaria water
	0
	0

	
	10
	Sterile organs
	3% of fish body weight
	0
	0
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Fig. 1. O. niloticus showing black coloration of the skin.
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 Fig. 2. O. niloticus showing congestion of gills, nodules on infected tissues, enlarged gasbladder and congested spleen. 
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Fig. 3. Squash preparation from nodules showing double walled resting spore. Wet preparation showing budding of the cyst (postmortem germination) (arrow).
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 Fig. 4. Culture of I. hoferi on MEM-10 showing hyphal growth at pH 3.5 (A) and pH 7.0.
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Fig. 5. EM image of Ichthyophonus stages. (A) Multinucleate spore from culture in SDA with 1% bovine serum. Note the thick wall, several nuclei with peripheral nucleoli, abundant glycogen granules and the reticulum among the nuclei. (B) Showing the multinucleate spores of Ichthyophonus with positive glycogen granules and the contents of some membrane bounded vesicles. Spore constriction leading to new spores by division to from germinating hypha consisted of inner part of spore wall. (C) Showing budding yeast like germination in SDA 1% bovine serum. Mitochondria with scarce  tubulovesicular cristae were abundant near the plasmalemma. (D) Showing the spores detail and mitochondria with scarce tubulovesicular cristae and rough endoplasmic reticulum. (E) Groups of small, thin walled spores have arisen from hyphae or from large spores. One to two nuclei were noted in the sections as well as glycogen rosettes and lipid droplets. (F) Showing the wall of larger spores was organized concentric layers of fibrils and large vacuoles formed.
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Fig. 6. Electrophoretic pattern of small subunit ribosomal DNA (SSU) r DNA of I. hoferi. (1) pure isolate of Ichthyophonus on MEM-10 adjusted at pH 3.5. (2) pure isolate of Ichthyophonus on MEM-10 adjusted at pH 7 (3) kidney of O. niloticus heavily infected with Ichthyophonus (4) kidney of O. niloticus with moderate infection of Ichthyophonus (5) non-infected kidney. (6) pure isolate of Ichthyophonus on SDA. (7) showing the positive amplification of SSU rDNA gene of the I. hoferi reference strain.
[image: image8.jpg]



Fig. 7.  (A) Kidney of O. niloticus showing granuloma surrounded by inflammatory cells, necrosis of the tubules and haemorrahages in the parenchyma. The normal architecture of kidney was lost. H&EX60.  (B) Showing the magnification of (A). H&EX300. (C) Showing the magnification of (A) to identify the degenerative changes. H&EX600.  (D) Liver showing sever dilatation in the portal vein and sinusoids associated with sever degeneration in the hepatocytes. H&EX40.
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Fig. 8. (A) Gill of O. niloticus showing sever hyperemic filament with hyperplastic adhesive lamellae. H&EX40. (B) Gill of O. niloticus showing massive number of inflammatory cells infiltration in the base of the filament. H&EX40. (C) Gill of O. niloticus showing PAS positive reaction for the spores in the gill filament. PASX40. (D) Gill of O. niloticus showing the magnification of (Fig. C) to identify the PAS positive reaction for the spores in the filament. PASX160.
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Fig. 9. (A) Eye of O. niloticus showing melanin pigment cells and edema in the iris. H&EX160. (B) Ovary of O. niloticus showing no histopathological alteration. H&EX40 
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Fig. 10. Transmission electron micrographs showing ultrastructure of Ichthyophonus spore in heavy infected tilapia with the chronic inflammatory changes.
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تشخيص مرض الأكثيوفونياسيس فى أسماك البلطى النيلي فى مصر بأستخدام تفاعل أنزيم البلمرة المتسلسل

نادية أحمد عبد الغني ، أحمد محمد محمود الأشرم

1. قسم أمراض الأسماك – معهد بحوث صحة الحيوان (الدقى).

2. قسم أمراض الأسماك – المعمل المركزي لبحوث الثروة السمكية (العباسة) – مركز البحوث الزراعية.

تم اجراء هذه الدراسة على عدد 200 من أسماك البلطى النيلي (100 برية و 100 مستزرعة). كانت نسبة الأصابة الكلية 32%. تم تسجيل أعلى اصابة فى الأسماك المستزرعة (40%) والأناث (44.7%) عن الأسماك البرية (24%) والذكور (22.6%). لم يتم تسجيل أى تغيرات مرضية نتيجة الأصابة البسيطة أو المتوسطة. كانت العلامات المرضية المسجلة نتيجة الأصابة بالأكثيوفونياسيس بصورة شديدة هى خمول فى الحركة، اغمقاق فى لون وخشونة الجلد، بقع نزفية على السطح الخارجى، تساقط القشور وقرح، أعراض عصبية، تضخم بسيط فى البطن، هزال. تم الوصف التفصيلي للمسبب المرضي باستخدام كلا من الميكروسكوبين الضوئي والألكتروني. تأكد باستخدام تفاعل أنزيم البلمرة المتسلسل ان المسبب المرضي هو أكثيوفوناس هوفرى. كانت الكلية هى أكثر الأعضاء اصابة الأكثيوفوناس. أظهرت النتائج انه يمكن اجراء العدوى المعملية فى أسماك البلطى النيلي باستخدام الأكثيوفوناس المعزولة على بيئات صناعية أو أعضاء داخلية مصابة. كذلك تم الوصف التفصيلي للتغيرات الباثولوجية المصاحبة للأصابة باستخدام كلا من الميكروسكوبين الضوئي والألكتروني وباستخدام صبغات خاصة. تم المقارنة بين الطرق المختلفة المستخدمة فى التشخيص.


