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Abstract

A total of 300 fishes examined related to 10 marine fish
species, out of which 193 samples proved to harbour
Ichthyophonus hoferi (64.3%) from Lake El-Temsah and Suez
Canal. The percentage of isolation was higher in winter (74%)
than in summer (51.6%). The results of clinical investigation
revealed that, some naturally infected fishes did not show any
clinical abnormalities, while, other suffered from emaciation,
exophthalmia, abdominal swelling and erection, easily detached
scales. P.M. lesions were manifested as white nodules of
Ichthyophonus hoferiin liver, kidney, heart, spleen and intestine.
Ichthyophonus hoferi was isolated in Sabouraud’s dextrose agar
plate +1% calf serum and in Minimum Essential Medium + 10%
fetal calf serum at pH 3, 5, 7 and 9 within 10-15 days. Morbidity
and mortality rates, clinical signs and post-mortem changes in
experimentally infected fish were discussed in details with
reference to mycological significance of the causative agents.

INTRODUCTION

Ichthyophonosis is a chronic, systemic, infectious and granulomatous fungal
disease of most organs and tissues of many marine and freshwater fishes causing high
mortalities (McVicar, 1982). Ichthyophonosis is primarily a disease of marine origin
reported as pathogen of elasmobranch fishes, freshwater crustaceans, amphibians,
reptiles and piscivorous birds (Rand et alk, 2000). Ichthyophonosis is of worldwide
distribution as reported by many authors from USA, Europe, Australia, Switzerland and
Japan (Galuppi et al., 1994, Rahimian 1998 and Jones & Dawe 2002). This fungus is
an obligate parasite with a wide host spectrum (Spanggaard et al.,1994). The
pathogenicity of Z. hoferi varies accorrding to the fish sbecies.

In Mediterranean region, Ichthyophonosis was reported from cultured marine
fish in Spain and Greece (Franco-Sierra ef al.,1997). In Egypt, Ichthyophonosis was
recorded for the first time from the wild Nile catfish (Clarias /azera) at Alexandria
Governorate (Faisal et al., 1985), as well as from both Nile catfish and Tilapia (Manal
et al., 1996 and Shaheen & Easa, 1996). Recently, Ichthyophonosis was reported in
freshwater fish O. niloticus (Manal, 2002). This research was planned to study
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Ichthyophonus disease among marine fishes and significance of mycological criteria of
the causative agents.

MATERIALS AND METHODS

1-Fish
a-Naturally infected fish

A total of 300 naturally apparently healthy and diseased marine fishes were
collected from different localities of Suez Canal and El-Temsah lake to be used for
studying the prevalence and seasonal prevalence of ichthyophonosis (Tables 1).

b- Experimental fish

A total of 180 apparently healthy normal Nile catfish (Carias gariepinus) with an
average body weight 130+20 g were caught from River Nile at Giza Governorate
during summer, and transported alive to Microbiological lab. of Fish Diseases
Department, Animal Health Research Institute, Dokki, Giza. Ten full glass aquaria
120 *x60% 40 cm were used for holding the experimentally infected fish (including the
maine items of management through O,, pH and dechlorinated water) throughout the
experimental period at 20+2 °C for 2 weeks for acclimatization. Random samples of
20 fish were sacrificed and examination for determining the incidence of I hAoferi
during the period of experimental infection (Table 3).

2- Clinical and Post mortem examination

The collected fishes were examined clinically according to the methods
described by McVicar (1982).

3- Mycological examination

A-Squash preparation: It was carried out from organs of moribund and apparently '
healthy fishes according to method described by Faisal (1985).

B-Field diagnosis: Samples were taken from different organs and kept at room
temperature for 4-5 hours to detect post-mortem germination of Z. hoferi described by
McVicar (1982).

C- Fungus isolation: Samples taken from the internal organs (liver, kidney, spleen,
heart, ovary, testes and eyes) of natural and experimental fishes and embedded in
Minimum Essential Medium +10% fetal calf serum (MEM10) at pH 3.0, 5.0, 7.0 and
9.0 were incubated at room temperature for 15 days for isolation of the fungus as
described by McVicar (1982).
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D-Staining

Staining of the fungus was'carried out by Lactophenol Cotton Blue Stain
(L.P.C.B.) according to Spanggaard et al. (1994).
4- Experimental infection

A total of 180 Clarias gariepinus (130+20) g were used. Twenty of them were
used to determine the prevalence of natural infection, the remained fish were divided
into 8 groups each of 20 fish per aquarium, having the principal items of
management through O,, pH and dechlorinated water receiving the maintenance
feeding during the experimental and experimentally infected as shown in Table 3. All
fish were observed over eighteen weeks period for clinical abnormalities, mortalities
and morbidity. At the end of the experiment, all survivors were sacrificed. Squashed
preparations from organs were used for mycological examinations in dead and
sacrificed fish.

RESULTS AND DISCUSSION

Prevalence of Ichthyophonosis among the examined marine fishes was recorded
in Table 1. The result revealed that 193 out of 300 fish (64.3%) were positive for
Ichthyophonosis. This result was higher than that recorded by Sitja-bobadilla &
Alvarez Pellitero (1990) who found that 24.4% of examined cultured sea bass was
positive, while, Rand et al. (2000) found that 0.6 to 10% of yellow-tail flounder were
diseased with Ichthyophonosis. Moreover, Marty et al. (1998) found that 29% of
Pacific herring were infected with Ichthyophonosis, and Jones & Dawe (2002) found
that the prevalence of infection in Pacific herring from coastal British Columbia ranged
from 10.5 to 52.5% in 2000 and 2001, and lower than that found by Sindermann
(1990) who found that 85% of haddock were diseased with Ichthyophonosis.

Clinical examination of naturally diseased marine fishes revealed the presence of
emaciation, exophthalmia, abdominal swelling and erection, easily detached scales
with fin rot. In addition, slight to severe darking of skin all over the fish body surface
was recorded. Some fishes revealed presence of infection without any clinical
abnormalities. The present observations agreed with those recorded by Okamoto et al.
(1985). McVicar (1982) noticed ulcers and emadiation in herring which suffered from
Ichthyophonosis. He reported also that dinical signs are not specifically diagnostic of
the disease. On the other hand, skin roughness (sand paper-like) or ulceration was the
main external lesion reported by Galuppi et al. (1994) in rainbow. In the present
study, the absence of skin roughness in naturally infected fishes agreed with that
reported by Rahimian (1998) and Manal (2002), and this may be due to absence of
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red muscle systems in the lateral muscle of many fishes which are highly vascularized
and showed rapid fungal multiplication (Rahimian 1998).

Post-mortem examination of naturally diseased marine fishes revealed the
presence of paleness and enlargement of the liver with white to grey nodules of
variable sizes (Fig. 1) and enlarged gall bladder. The kidneys were hemorrhagic,
enlarged and contained minute white to grey spots distributed along the kidneys
surface. The spleen was enlarged, congested and contained greyish white nodules.
The intestine was corrugated with white spots in its wall, and the intestinal lumen was
filled with hemorrhagic viscous materials. Skeletal muscles were soft and flabby.
Moreover, the heart was congested and contained nodules of variable sizes (Fig: 2).
These resultes were in agreement with those obtained by Faisal ef a/. (1985) and
Sindermann (1990). Oslon (1986) revealed that the P.M. lesions of examined Pacific
staghorn scolpin were appeared in heart and liver.

The result of microscopic examination of squash preparation taken from
different organs of naturally infected fishes revealed the presence of resting spores
with different developmental stages of the end spores (uni, bi and multinucleated
spores) and hyphae. These cysts had variable sizes scattered between the tissues of
the infected organs. The fungal elements may replace the tissues of the infected
organs forming granulomatous lesions which were characteristic to' Ichthyophonosis.
These results are similar to those obtained by Mcvicar (1982), Shaheen & Easa (1996),
Manal ef al. (1996) and Manal (2002). Z hoferi occurred in the tissues of infected fish
as spherical, thick-walled and multinucleated cell. This cell has been named variously
by many authors, multinucleated cyst, spherical multinucleated cyst (Sindermann,
1990), resting spore, large multinucleated bodies and spherical hyphal bodies in MEM
(McVicar, 1982).

Mycological examination of the infected fish with Z #oferi reaveled the isolation
of the fungus on MEM-10 as abundant characteristic hyphal growth into the substrate
of the medium within 10-15 days at pH 5.0 (Fig. 3). Regarding the fungal growth on
MEM-10 at low pH (3 and 5 pH), it was found that, the characteristic hyphal growth
into the substrate is accompanied by moving of the cytoplasmic contents to each of
the hyphal tips which subsequently were rounded up to produce a thick spherical
multinucleated hyphal terminal body and became separated from the hyphae, then,
ruptured and released the endospores. These resultes were similar to those reported
by Faisal et al. (1985), Shaheen & Easa, (1996) and Manal (2002).

Microscopic examination of the wet preparation at pH 5.0 from 7 Aoferi culture
isolated from marine fishes showed development of thin hyphae which divided into
many branches (Fig. 4A). After the cytoplasm had moved to each of the hyphal tips,
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the cytoplasm rounded up to produce a spherical multinucleated hyphal terminal body
and became separated from the hyphae, then, ruptured and released the endospores
(Fig. 4B). The development of hyphae at pH 5.0 was similar to that at pH 3.0.
Microscopic examination of the wet preparation at pH 7.0 from L hoferi culture
isolated from marine fishes showed that the hyphae were developed, branched out
once or two lanes and rarely twice (Fig. SA). The cytoplasm of hyphae migrated to the
hyphal tips. Spherical uni-or binucleated bodies were not separated from the hyphal
tips and the cytoplasm endogenously cleaved into spherical uni-or binucleated bodies
in the upper part of hyphae. Spherical uni-or binucleated bodies formed at pH 7.0 and
pH 9.0 were attached together by mucous-like material (Fig. 5B). These results came
in agreement with those described by Millero & Sohn (1992), while, Spanggaard e a.
(1994) and Manal (2002) found that germination and growth of fungus require low
pH, and that can only be induced in the stomach. Ichthyophonus can be considered a
dimorphic fungi having a mold from at pH 3 and 5 and spheric form at pH 7 as
multinucleated spherical thick walled cysts. These findings are similar to those
reported by Spanggaard et al. (1994).

The seasonal prevalence of L hoferi infection was recorded to be high in winter
(74%) followed by autumn (68.75%) and low in summer (51.6%) (Table 2). These
results are in agreement with those reported by Sindermann (1990) who recorded that
the growth of fungus occurs over a wide range of temperatures (3-20°C) with an
optimum at 10°C, and also, he added that the prevalence of infection in herring was
found in shore waters, particularly, during late winter and spring. Also, to the same
result, came Sitja-bobadilla & Alvarez Pellitero (1990) who reported a seasonal pattern
of Ichthyophonus infection among wild and cultured seabass.

The distribution of the organism among different organs of the examined fishes
revealed that, the fungus was isolated in a higher prevalence from liver followed by
spleen, heart, kidney, intestine, ovary and eyes at a rate of 93.2%, 85.4%, 77.7%,
75%, 64.7%, 20.7% and 10.4%, respectively. Also, the results supported those
obtained by Mellerggaard, & Spanggaard (1997) who stated that Z /foferi causes
systemic infection in fish spread via the circulatory system. The principal infection sites
are the organs rich with blood.

The results of examination of fish used for experimental infection are shown in
Table 3. The prevalence of natural infection among fish used for experimental
infection was (50%). Ten fish out of 20 were positive to Z Aoferiisolation and 10 were
free. All experimentally infected groups with I /foferi showed emaciation, pale
colouring, abdominal swelling, cloudy eyes, and exophthalmia and skin ulceration.
Occasionally, a dark colour with pigmentation on skin, depressions in the bone of the
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head above or under eyes with exophthalmia was obvious. Post-mortem examination
of apparently healthy, moribund and dead fish (Clarias gariepinus) in the early stage
of disease showed slight enlargement of liver with pale colour, congested spleen and
hemorrhage with corrugated intestine. At the end of experiment, there appeared
white, well defined, macroscopic nodules of variable sizes in liver, kidney and testes.
Spleen was congested and enlarged. . foferi was re-isolated from the internal organs
of most experimentally infected fish (Fig. 6). The mortality rate among the
experimentally infected fish is to be seen in Table 3. The results were supported by
those of Manal (2002) who found that the mortality rate reached 20 and 30% in O.
niloticus which was experimentally infected with Z Aoferi by heavily infected minced
organs and bath challenged with pure culture of Z /ofer, respectively. Also, Manal et
al. (1996) found that the mortality rate ranged from 90-100% in Tilapia and Nile
catfish (infected via forced feeding on infected minced organs, oral inoculation with
broth culture and by contact infected fish with uninfected ones). Also, Okamoto et al.
(1985) inf ected rainbow trout orally by feeding them with thick-walled spherical
multinucleated bodies and recorded that the mortality rate was 100%.

Table 1. Prevalence of Ichthyophonosis among the examined marine fishes.

No. of No. of
Location Fish % of infect
exam. infect
Sigans Fish
& ; 24 20 83.3%
g (Siganus spp.) >
i Sna nei
B Pper 40 30 75%
o (Lutjanus spp.)
3
= Jake and Horse Mackerel
24 16 66.6%
(Trachurus spp.)
Thin i Grey Mullet
Suez Canal p‘ped Y 40 19 47.5%
(Liza ramada)
Narrow-Barred Spanish Mackeret
24 15 62.5%
(Scomberomorus commerson)
Saddled seabream
24 17 70.8%
= (Oblada melanura
g Marine Tilapia spp.(Oreochromis
& wa SppL 0 2 72.5%
o Sop.)
2 Flat heads fish
- 40 20 50%
Pla) oidei spp.
Tigger fishes (Balistidae) 24 15 62.5%
Brushtooth lizasrd fish (Saurida
- 20 12 60%
u umis,
Total 300 193 64.3%




BADRAN, A. F. H. et al,

1207

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

Season No. of examined ::e:; of% infection
Winter 100 74 74
Spring 60 33 55
Summer 60 31 51.6
Autumn 80 55 68.75
Total 300 193 64.3

Table 3. Experimental desigen and prevalence of ichthyophonosis among the

experimented fishes
Gro No. of No: of
0.
) Naturally Mode of infection Morbidity Mortailty
No. Fish % Dose
Diseased fish % %
) - 3% of fish
4 2 10/20 By feeding on heavily infected Body 13/20 6/20
50% minced organs . 65% 30%
weight
0.5 mi/L of
2 20 10/20 By bath with pure culture of . the 14/20 7/20
50% hoferion MEM-10 at pH 5.0 aquarium 70% 35%
water
. 1 mi/fish
10/20 By force-feeding of % hoferion 17/20 8/20
3 20 for one
50% MEM-10 culture % 85% 40%
time
N . ) 1 miffish
10/20 Intraperitioneal with Z. foferion 19/20 18/20
4 20 for one
50% MEM-10 culture 95% 90%
time
10/20 By feeding on uninfected minced oo fsh
2 2 50% ? or alns ) -
e weight
0.5 mi/L of
6 2 10/20 By bath with sterile MEM-10 the
50% media at pH 5.0 aquarium
water
) 1 miffish
10/20 By force-feeding of sterile MEM-
7 20 ) * forone -
50% 10 media at pH 5.0 &
time
a7 - " 1 mi/fish
10/20 Intraperitioneal with sterile on
8 20 for one e -
50% MEM-10 culture :
time
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Fig . 1. Brushtooth lizard fish (saurida undosqumis) infected with L foferi showing
greyish white nodules of variable size in liver.

Fig.2. Narrow- Barred Spanish mackerel, ( scomberomorus commerson) infected
with £ Aoferi showing congested heart with white nodules.
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Fig.4. culture of L hoferi on MEM- 10 at pH 5 showing may branches of hyphae with
budding end (A) (x 125) , spherical multinucleated hyphal terminal bodies
produced in each of the hyphal tips (B) (x 125).
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Fig. 5. culture of Z hoferi on MEM- 10 at pH 7 from marine fish showing the hyphae
developed with one or two lanes (A) (X200), endogenous cytoplasmic
cleavage, spherical uni or binucleate bodies in the upper part of hyphae (B)

(200) L. C.P.B. stain.

e B

Fig.6. clarias gariepinus experimentally infected with Z Aoferi showing enlarged,
congested spleen and enlarged liver and greyish white nodules varying in sizes
in liver, intestine wall, gronads and spleen.



BADRAN, A. F. H. et al,, 1211

REFERENCES

Faisal M., H. Torky and H. H. Reichenbach-Klinike. 1985. A note on swinging
disease among the labyrinth catfish (Clarias Lazera C&V.). J. Egy. Vet. Med.

. Assoc., 45(1): 53-60.

10.

11.

12.

13.

Franco-Sierra, A., A. Sitja-Bobadilla and P. Alvarez-Pellitero. 1997. Ichthyophonus
infections in cultured marine fish from Spain. J. Fish-Biol., 51(4) : 830-839.
Galuppi, R., H. Cappellaro, M.I. Ficavanti and M. P. Tamiperi. 1994. Ichthyophonus
infection in farm-raised rainbow trout (oncorhynchus mykiss): observations of the
ecological agents in the host and in-vitro. Parasitologia, 36, Supp. : 63.

Jones, S. R. M. and S. C. Dawe. 2002. Ichthyophonus hoferi Plehn and Mulsow in
British Columbia stocks of Pacific herring, Clupea pallasi valenciennes, and its
infectivity to Chinook salmon, Oncorhynchus tshawytscha (walbaum). J. Fish Dis.,
25 (7): 415-422.

Manal, E. M. Hefny. 2002. Ichthyophoniasis in freshwater fish (Oreochromis
niloticus). Thesis, M. V. Sc. Zagazig University (Benha Branch).

Manal A. A. Essa, R. H. El-Khatib Nahla and M. El. S. Easa. 1996. Some
epizootiological aspects of Ichthyophonosis in freshwater fish from Egypt. 7 Sci.
Con., Fac. Vet. Med., Assuit, Egypt PP. 290-305.

Marty, G. D., E. F. Freiburg, T. R. Meyers, J. Wilcock, T. B. Fave and D.E. Hinton.
1998. Viral haemorhagic septicaemia virus, Ichthyophonus hoferi, and other
causes of morbidity in Pacific herring, Clupea pallasi, spawning in Prince William
Sound, Alaska, USA. Dis. Aquat. Org., 32(1): 15-40.

McVicar, A. H. 1982. Ichthyophonus infections of fish. Microbial Diseases of Fish.
Ed. By R. J. Roberts. Academic Press, New York, PP. 243-269.

Mellerggaard, S. and B. Spanggaard. 1997. An Ichthyophonus hoferi epizootic in
herring in the North Sea, the skagerrak, the kattegat and the Baltic sea. Diseases
of Aquatic Organisms Vol.28: 191-199.

Millero, F. J. and M. L. Sohn. 1992. Chemical Oceanography. PP. 301 Florida:
CRC Press.

Okamoto, N., K. Nakase, H. Suzuki., Y. Nakai, K. Fujii and T. Sano. 1985. Life
history and morphology of Ichthyophonus hoferi in-vitro. Fish Path., 20 (213):
273-285.

Olson, R. E. 1986. Ichthyophonus infection in a pacific staghorn sculpin
(leptocoltus armatus) from Oregon. J. Wildl. Dis., 22(4) : 566-569.

Rahimian, H. 1998. Pathology and morphology of Ichthyophonus hoferi in
naturally infected fishes of the Swedish west coast. Dis. Aquat. Org., 34(2) : 109-
123.



1212 SOME STUDIES ON ICHTHYOPHONOSIS AMONG MARINE FISHES

14;

15.

16.

17.

18.

Rand, T. G., K. White, J.J.Cannone, R. R. Getell, C. A. Murphy and M. A. Pagan.
2000. Ichthyophonus irregularis Sp. Nov from the yellow flounder, Limanda
Ferruginea from the Nova scotia shelf, Canda. Dis. Aquatic organisms, 41(1) :31-
36.

Shaheen, A. A. and M. el-S. Easa. 1996. Perliminary investigation on infection with
Ichthyophonus hoferi in tilapia species Egypt. 3. Comp. Path & Clin. Path., 9(1) :
215-222.

Sindermann, C. J. 1990. Fungi, principle diseases of marine fishes and shellfish.
Vol. 1 Academic Press Inc. PP. 57-71.

Sitja-Bobadilla, A. and P.Alvarez-Pellitero. 1990. First report of Ichthyophonus
disease in wild and cultured sea bass dicentrarchus labrax from the Spanish
Mediterranean area. Dis. Aquat. Org., 8(2) : 145-150.

Spanggaard B., L. Gram, N. Okamoto and H. H. Huss. 1994. Growth of the fish
pathogenic fungus, Ichthyophonus hoferi measured by condicimetry and
microscopy. J. fish. Dis., 17(2) : 145-153.



BADRAN, A. F. H. et af, 1213

o B Aallal obal) dlland A (s gl st (2 s o cilud jal) (e,
a sl Guaall 4 il (ailadl)

" A (s g M ¢ T ibuan e 'l S saa

i pesl] 5L drals — 5 kol bl LIS )
il Al =2 s — el ) Gigaid) S s lpad dano Sipng tgma LY

oo 8 il 5y 5 G ged) B8 e &yoadl SasY) (e e Yo v and e ot
Ty 5 A OBV Gl el dn e OIS A8 VAT o A el G plyd 1
(%01, 1) Cpall 3 dbia) dand Sy (%Y £)e il Jomd 3 i) s Lo Sy %8,

aldle 4f lple el ol basls Lad) el (any o (s AU Ganill (e a5
eVl sl (2l ol agng Boga (B paleY) S AW (madl Ly A s
Al Bny y 2l il gl L U AUl 5 s sy el 6 Al g Bigan
oo @ celaa¥ly dlaklly Qlil g (S 280 (3 paal) dilid oliny cDlay s 25n 5 diliad
dpall Jms %01+ 5y 5 un 05 by e il 13¢] Cunadd (5 s i gh s SSY) i
slzme ¥l ool 4eVeet) iyl L3 e daal i Juas %) o+ pnall Dy Lo f
oiall o aill 315k e el g LD L el Ao Leliall (5 gaall Ao culSy L Alad
Ulad dla it sl dastuly o Gagall ele ip ) S Jhill de 30 293 4 sl
R AR Oa sl U8 iy



