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Abstract

A total of 300 fishes examined related to 3 freshwater fish
species, out of which 180 samples proved to harbour
Iehthyophonus hoferi (60%) from River Nile, fsmailia Nile branch
and El.Waffa fish farm at Giza. The incidence of isclation was
higher in winter seasan (68.75%) than in summer {45.7%). The
clinical investigation revealed dark grey coloration or even
blackness of the skin with deformity in the skuli, and the eyes
appeared cloudy. The most predilection site of 1. Soferi was liver
followed by spleen, heart, kidney, intestine, ovary and eyes.
Post-mortemy  examination of infected fishes revealed the
presence of whife to grey nodules of variable sizes in liver,
kidney, heart, spleen and intestine. Isolation of the fungus was
carried out on Sabouraud's Dextrose agar with 1% calf serum
and in Minimum Essential Medium + 10% fetal calf serum at pH
3, 5, 7 and 9 within 10-15 days. At temperature 4°C the
organism can still sutvive. The viability of the cultures was
gradually diminished from 4°C to 0°C.

INTRODUCTION

From the infectious diseases of wild and cuitured Tilapia species among different
fish farms in Egypt is Ichthyophonosis (Shaheen & Easa 1996). Ichthyophonosis is
chronic, systemic, infectious and granulomatous fungal disease of most organs and
tissues of many marine fishes and freshwater fishes causing high mortalities {(McVicar,
1982). More recently, ichthyophonosis has been reported as an emerging disease in
Chinook salmon in several Alaskan rivers {Kocan, Hershberger & Winton, 2004) and in
sockeye salmon in British Columbia (Tierney & Farrell, 2004). The causative organism
was named Ichthyophonus hoferi, {I. hofer) by Plehn & Muisow (1911). In Egypt,
Ichthyophonosis was recorded for the first time from the wild Nile catfish (Clarias
lazera) at Alexandria Govemorate (Faisal et &i, 1985), as well as from both Nile
catfish and tilapia (Manal et &/, 1996) and also in aﬁuarium fish (Nahla ef 2/, 1997).
Recently, it was reported from freshwater fish (0. nifoticus) (Manal, 2002), as well as
from sex reversal all-male tilapia (Ziedan 1999) and from females Nile catfish and
tilapia (Nahta & Nashwa, 2003). The problems of this disease originated from the high
losses of fish broad stocks and during fish pracessing industry, the fillets became very
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soft, slimy and with strong off odours (Spanggaard ef &/, 1994}, Even after chilling,
storage or smoking, the infected filiets may transfer the infection to the uninvaded
fillets in storage at 8°C {McVicar, 1982). The organism will stil survive at deep
freezing and the only effective method of destroying the orgamsm was deep freezing
of fish at a temperature of -20°C (Athanassopouioy, 1992).

This research was planned to study prevaience and isolation of £ Aofers from
freshwater fishes with referring to dinical signs and post-mortem examination. Also,
investigation of the effect of some environmental factors on the survival of 1 Aoferi
among freshwater fish was undertaken .

MATERIALs AND METHODS

A total of 300 apparently healthy or diseased (wild and cultured) freshwater
fishes was collected from different localities (Table 1) and transported with the
mintmum of delay to the laboratory for isofation of 1. Aoferi From positive cultures,
identification of the isclates was based on morphological characters accarding to
McVicar (1982).

Prevaience of Ichthyophonosis according to seasonal variation with
determined the distribution of the organism among the different argans of
infected fishes

All fishes were subjected to clinically and post-mortern examination according to
the methods described by McVicar (1982). Samples were taken from the internal
organs (liver, kidney, spleen, heart, ovary, testes and eyes) and embedded on
Sabouraud's Dextrose agar with 1% calf serum and in Minimum Essential Medium +
10% fetal calf serum (MEM-10) at pH 3, 5, 7 and 9. The cultures were incubated at
room temp. for 15 days. Also, squash preparation of the affected organs was prepared
according to the method described by Faisal ef 4/ (1985).

L hoferi dentification was carried out through studying the morphological
characters of the fungus, hyphal growth of fungus suspended in the cultural broth
media, MEM-10 and staining by Lacto pheno! Cotton Blue stain (L.P.C.B) according to
McVicar {1982). According to Spanggaard ef a4 {1995} a small portion of the hyphae
were examined microscopicaily using low and high power objectives after staining.

Effect of some environmental factors on Ichthyophonus hoferiisolates
A -Effect of Temperature on survival of the fungus

Ten isclates of 1 Agferi from freshwater fishes were inoculated into MEM-10 (pH
5} and incubated at room temperature {20+2°C). After 7 days, 5 cultures were
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incubated at 4°C and the others were incubated at 0°C for 5 days. After that, all
cultures were tested for the viability of I Aoferi by reculturing into the same medium,

B- Effect of different pH

Al isolates of I hoferi from freshwater fishes were inoculated into Essential
Medium + 10% fetal calf serum (MEM-10) at pH 3, 5, 7 and 9 were incubated at room
temp. for 15 days

RESULTS AND DISCUSSION

Clinical examination of naturally diseased freshwater fishes revealed the
presence of excessive mucus secretion covering the skin and dark grey coloration or
even blackness of the skin. Hemorrhagic spots aver the skin were occasionally seen.
In some cases, depression or notch was seen in the skull bone near or between the
eyes with bone deformity in the skull, and the eyes appeared cloudy. In addition to
that, there were easily detached scales with fin rot. These results supported those
reported by Faisal et a4 (1985), Manal et g/ (1996), Shaheen & Easa (1996), Nahla et
al. {1997}, Ziedan (1999) and Manal (2002) in the infected Nile catfisi. ulapia,
freshwater salmonids, tilapia, ornamental fishes, cultured tilapia and in wild and
cultured tiapia.

Post-mortemn examination of naturally diseased Nile Tilapia freshwater fishes
revealed pale, enlarged liver with white spots in their parenchyma especially at the
caudat loop {Fig. 1). The gall bladder appeared distended with bile, and ascitic fluid in
the abdominal cavity in some cases was also found. The gafl bladder appeared
leathery, enlarged and hemorrhagic and the spleen was congested, enlarged and
friable in some cases with white nodules in Carias gariepinus {Fig. 2). The kidneys
were enlarged, hemorrhagic with clear spots. The intestine showed congestion of the
intestinal wall, corrugation and contaning white to grey nodules of variable sizes. In
addition, there were macroscopic white nodules in ovarian tissue with greyish coloured
ova. Moregver, spiral curvature, scoliosis and lordiosis were shown in Nile Titapia (Fig.
3). These resulfs are in agreement with those obtained by Faisal ef af (1985),
Shaheen and Easa (1996}, Manal of &l (1996), Ziedan (1999) and Manal {2002).
Nahla and Nashwa (2003) reported that the internal examination of apparent healthy
O. niloticus showed microscopic and macroscopic white nodules in ovanan tissue,
while, in C carpio showed only microscopic lesions in ovarian tissue with white
macroscopic nodules in liver, kidney and spieen. Alsc, Kocan ef 8/ {2006) found that
the mean heart weight of infected fish was 40% greater than of uninfected fish.
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The results revealed that 180 fish out of 300 were positive for Ichthyophonosis
with a percentage of 6% (Table 1). This result was higher than that recorded by
Shaheen and Easa (1996), who found that, the infection reached 37.5% in cultured
tilapia, while, Manal (2002) recorded that the infection reached 58.8% in Q. nv¥loticus.
Nahla and Nashwa (2003) found that the infections in females of O, nfoticus and C
carpio were 4% and 30%, respectively, and lower than those found by Nahla ef a/
{1997} who found that, the infection reached 86.7% in ornamental fishes. Ziedan
{1999} found that infections in ali-male tilapfa produced hormonally or through
hybridization were 84% and 82%, respectively.

&s shown in Table 2, the seasonal prevalence of L foferd infection among
freshwater fishes was recorded; the maximum prevalence during winter was (68.75%)
followed by autumn {66.6%) and the minimum prevalence was recorded in summer
(45.79%). These results were in agreement with those reported by Sitja-bopadilia and
Alvarez Pellitero (1990} who reported simifar seasonal pattern of Ichthyophonus
infection among wild and culfured Sea bass. Also, Manal ef @/ (1996) found that, the
prevalence and infection intensities were higher at 16°C than 22°C in poth tilapias and
catfish. Manal (2002) reported that the higher prevalence of infection in Q. nioticus
was during wister {68.1%), followed by autumn (63.33%), spring (51.25%) and
summer (37.7%). '

The present results revealed that the liver was the most infected organ with Z
hoferi (94.4%), followed by spieen {8B.8%), kidney (75%), intestine (66.6%), heart
{55.5%), then, ovary {25%) and eyes (10.5%). These results were in agreement with
those obtained by Faisal ef &/ (1985), who recorded a higher prevalence in liver
followed by kidney, spleen and heart of the examined (arfas fazera at a rate of 42%,
36%, 14% and 4%, respectively, Moreover, the results agreed with those reported by
Ziedan {1999) who found that the prevalence of infection in the organs of male &
roticus was higher in liver (81%), foliowed by kidney (799%), spleen (54%), intestine
{60%) and eye (47%). Manai (2002) recorded a higher prevalence in liver followed by
kidney, spleen, intesting, ovary, heart and eyes at’'a rate of 100%, followed by
88.05%, 78.23%, 32.31%, 12.24%, 11.22% and 4.08%, respectively, in the organs of
Q. nifoticus.

The results of microscopic examination of sguash preparations taken from liver,
kidney, spleen, muscles, ovary and intestine of naturally diseased freshwater fishes
revealed the presence of resting spores with different developmenta! stages of end
spores {uni,-bi-and multinucleated spores) and hyphae. The fungal elements may
replace the tissues of the infected organs forming glaucomatous lesions which were
characteristic to Ichthyophonosis. These results were simifar to those obtained by
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McVicar (1982), Shaheen and Easa {1996), Manal ef 8/ (1996), Ziedan {1999) and
Manal (2002). 7 foferi occurred in the tissues of infected fish as sphencal, thick-
walled and multinucleate cell. This cell has been named variously by many authors as
resting spore (Neish and Hughes, 1980), or large sphenical bodies, large multinucleate
bodies and spherical hyphat bodies by MEM {McVicar, 1982).

The results of temperature treatment on the survival of I fofers revealed that,
even at a temperature of 4°C, the organism can stll survive, The viability of the
cultures was gradually diminished from 4°C to 0°C (Tabie 3), This result is in
agreement with Mcvicar (1982), who recorded that [ foferf can still live at 0°C and
being destroyed at -20°C.

Macroscopical examination of effect of different pH on I Aoferi growth, through
inoculated bottle in MEM-10 media from freshwater diseased fishes revealed abundant
characteristic hyphal growth into the substrate of the medium within 13-15 days at pH
5.0, The hyphal growth was abundant and fast at pH 3.0 and 5.0 more than that at
pH 7.0 and pH 9.0. These results were similar to those reported by Faisal et a/
{1985), Okamoto e&f a/ (1987), Shaheen and Easa (1996), Ziedan (1999), Manal
{2002) and Nahla and Nashwa (2003),

Macroscopical examination of the inocuiated sabouraud s dextrose agar plate
from freshwater diseased fishes revealed that, growing culture appeared as white
hyphal growth with different levels both on the surface and into the substrate of the
media, The hyphal growth increased to fili the plates within 10-15 days post-
inoculation. These results were similar to those described by McVicar (1982), Ziedan
(1999) and Manal (2002).

Microscopic examination of the wet preparation at pH 5.0 from 1L Aoferi culture
1Isolated from freshwater fishes showed continuous germinabion, and there was a
refation between the times elapsed after culturing and the growth performance of the
L hoferi. The hyphae started to grow rapidly, extensive hyphal growth with many
branches were noticed after one day (Fig. 4a). The tharacteristic evacuated non-
septated hyphal branches with budding ends and their cytoplasm migrating to the
apex of the hypha appeared after few days post inoculation (Fig. 4b). The hyphal tips
started to be rounded up forming sphencal hyphal terminal bodies after one week,
Finally, almost all hyphal tips had rounded up forming spherical hyphal terminal bodies
after 10 days. Thick-walled sphencal muitinucieated bodies completely formed and
started to separate from the hypha till complete separation after 14 days or more (Fig.
5). The-thick walled spherical multinucleated bodies were ruptured and released their
content of endospores (Fig. 6 a,h). All developments of hyphae at pH 5.0 were the
same at pH 3.0. These results were similar to those reported by Faisal ef 3/ (1985),
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Okamote et &/ (1987), Shaheen and Easa (1996), Ziedan (1999), Manai (2002) and
Nahla and Nashwa (2003).

Microscopic examination of the wet preparation at pH 7.0 from £ Aoferi culture
showed scanty growth of hyphae of the fungus with different sizes with keel formaticn
and budding ends {Fig. 7a). Spherical multinucleated terminal badies were completely
formed and separated from the hyphae. Thereafter, the multinucleated bodies of
varying sizes with many nuclei were ruptured and released the endospores (Fig. 7b}.
These results ceme in agreement with those described by Millero and Sohn {1992).
Spanggaard et af (1994) and Manal (2002) found that germination and growth of
fungus require low pH, and that can only be induced in the stomach. fchthyophonus
can be considered a dimorphic fungus having a mold form at pH 3 and 5, and spheric
form at pH 7 as multinucleated spherical thick-walled cysts. These resuits give us
information about the fungus life cydle, as the infection mainly occurs via ingestion of
spores either from infected dead fish or infected copepods which germinate to mold
form in the fish stomach of low pH. This may explain the method of infection and
penetration of the organism to find its way to the blood to reach the specific organs at
neutral pH, where it developed to give all stages of its life cycle. Finally, it formed
muftinucleated bodies or resting spores. These findings are simitar to those reported
by Spanggaard et af. {1994), Spanggaard &f a4/ (1995) and Manat (2002). The authors
added that another possibility is that the fungus in the fillet with low pH and by action
of hydrolytic enzymes, creates its own environment where germination can occur,

Micrascopic examination at pH 5.0 culture isolated from freshwater fishes revealed
presence of diverse shapes of the spberical muitinucleated hyphal terminal bodies
(Fig. 8a). This shape was observed only by QOkamoto ef 44 (1985} in TGC-1 when the
bodies were transferred from TGC-1 to MEM-1Q (pH 7.0) (Fig. 8b). As observed in this
study that any difference found, such as type of hypbal growth, morphological
changes and diversity in the fife history, may reflect the available nutrients and
physical conditions such as pH surrounding £, Aoferf (Okamoto et a/. 1985).
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Table 1. Prevalence of Ichthyophonosis amoeng the examined freshwater fishes.

}' No. of
Location Fish No. of infect % of infect
exam.
T
Carangidae
Nile River J 60 24 40%
{Caranx 523}
Nile catfish
Nile River 120 84 0%
{Clanias parepinus) J _
Wild freshwater
Ismailia Nile branch 60 4 0%
Tilapia (O niobicus)

Cultured Freshwater
El-Wafta farm 60 48 80%
Tilapia {O. nioticus)

L Total 300 J 180 l 60%

Table 2. Seasonal prevalence of Ichthyophonosis among the examined freshwater fishes.

No. of . -
Season No. of examined infection% of
infected
I 7
| Winter 80 55 68,75
[ Spring 60 33 55
Summer 70 2 45.7
Autumn 90 60 66.6
Total 300 180 50

Table 3. Effect of temperature treatment on the viability of I foferi

r [ Na. of positive cultures/No.of cuitures at different fish samples
' Fish F

| | 40¢ 0oC

‘ Freshwater fish ] 5/4 572

| (0. nioticus) L
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Fig 1. Nile tilapia, O. niloticus heawly infected with Ichthyophonosis showing enlarged

liver with greyish white nodules of vanable sizes in the fiver

Fig 2. Nile Catfish, (Jaries gariepinus infected with I.hoferi showing congested spleen

with wite nodules of variable sizes
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Fig. 3. Nile Tilapia, O. nifoticus infected with I hoferi showing spiral curvature (scoliosis
and lordicsis)

Fig. 4. culuture of L Aoferi on MEM- 10 at pH5 showing starting of hyphal growth and
many branches of non- septate hyphae (a) (x125), cytoplasm migrating to the

apex of the hypha {b} , development process of spherical multinucleate hyphae
terminal bodies(c). 1.C.p.B. stain{xZ00)
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Fig. 5. Growth of £ hoferiat pH 5 hypha! tips forming thick walled terminal bodies (a)
xB0O, separated thick-walled spherical terminal bodies after 14 days (b) x500,
L.C.P.B. stain

Fig .6. separated thick-walled spherical terminal bodies in cuitured of Z Aoferiat pH
5(a)x 1000, rupture of multinucleate bodies and release of endospores(b)
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Fig. 7. culture of 1 fofers on MEM -10 at pH 7 showing scanty hyphal growth with

budding ends (a) x125, complete separation of thick-walled terminal bodies (B)x
200,

Fig. 8. culture of Z Aoferr on MEM-10 at pH 5 showing diverse shapes of the spherical
multinucleate hyphal terminal bodies (a} (x400) L.C.P.B., diverse shapas of
the spherical multinucleate hyphal terminal bodies after germination (Okamoto
et 3/, 1985) (b} .x270.
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