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Fig. (1): Immune structures in Teleost fish. Adapted from Tort et al, (2003).

Fig. (2): Life cycle of Ichthyophthirius multifiliis. Free-swimming theronts (~ 40 pm in
length) actively penetrate (driven by the action of cilia) into the surface
epithelia of the skin and gills of susceptible hosts. While on the fish, they
transform into trophonts that sustain nourishment from host tissue.
L. multifiliis is an obligate parasite and growth on the fish is required to
complete the life cycle. Over a period of 4 to 7 days (22°C) they grow to ~500-

800um in diameter and are visible to the naked eye as individual white spots
within the skin. In response to unidentified signals, trophonts leave the fish
and become free-swimming tomonts that attach to a substrate in the water
where they encysted and undergo 9-10 divisions to form 500-1000 tomites
(18-24 hr at 22°C). Tomites differentiate into theronts and penetrate the cyst
wall to escape into the water column, thus completing the life cycle. All stages
of the parasite are ciliated. In immune fish, theronts can enter the epithelium,
but in the presence of antibodies they apparently are prevented from
developing further. Adapted from Dickerson and Clark (1998).

Fig. (3): Technical terms and measurements from Tilapia exemplified from Oreochromis
niloticus.-

Fig. (4): Tilapia fish infected with "Itch". (A) Oreochromis niloticus (B) Oreochromis
aureus (C) Sarotherodon galilaeus (D) Tilapia zilli. Note the multiple white
spots on fish side, tail and base of scales (arrows).

Fig. (5): (A) Oreochromis niloticus showing focal hemorrhage at the gill cover (arrows).
(B) Oreochromis aureus showing multiple white spots on the tail (arrows).

Fig. (6): Photomicrograph showing the large trophont (T) of I multifiliis infecting the
epidermal layer of Tilapia fish showing the C-shaped macronucleus of the
parasite (arrows). Observe the enclosed space around the parasite and the
degeneration of the musculature of the skin (Scale bar= 400um).




Fig. (7): Photomicrograph showing the non-infected and Itch-infected gills of Tilapia
fish: '
A- Normal gills (non-infected) (Scale bar=100 pum).
B- Infected gills of Tilapia showing the enclosed I multifiliis parasite

(arrows) (Scale bar=40 pm).
C .. F- Enlarged mature trophont (T) of the parasite (arrows). (Scale
bar=400um).

Fig. (8): Electron micrograph showing the granulocyte response against I multifiliis
infection in (A) (arrows). Enlarged granulocyte (Eosinophil) (E) cell shown in
(B). (Scale bar =2um).

Fig. (9): The somatic index on the liver (A), kidney (B) and spleen (C) of non-infected
controls and Itch-infected fish. Each column represents data collected from at
least 100 fish from each species. Mean + SEM.

Fig. (10): Histopathological section through liver of Tilapia fish showing:

A.B- The normal structure of liver showing normal liver cells with its exocrine
pancreatic tissue (EP) (arrows).

C..D- Liver of Oreochromis niloticus and Oreochromis aureus respectively showing
the increase of vacuolated cells (VC) (arrows) within the liver tissue as a result
of infection of these fish with I multifiliis parasite.

E.F- Liver of Sarotherodon galilaeus and Tilapia zilli showing the necrosis (N)
(arrows) of some liver cells due to parasitism of these fish with . multifiliis.
Note the migration of RBCs (head arrow) to the liver cells (F). (Scale
bar=100pum).

Fig. (11): Histopathological section through kidney of Tilapia fish showing:

A.B- The normal structure of kidney showing normal kidney cells with normal
distribution of leucocytic cells (L) (arrow).

C..D- Kidney of Oreochromis niloticus and Oreochromis aureus respectively showing
the increase of number of leucocytes (L) (arrows) more than control within
the Kidney tissue as aresult of infection of these fish with . multifiliis parasite.

E.F- Kidney of Sarotherodon galilaeus and Tilapia zilli showing the decrease of

leucocyte (L) (arrow) number than control. Note the necrosis (N) (head

arrow) of some kidney cells due to parasitism. (Scale bar=100um).




Fig. (12): Histopathological section through spleen of Tilapia fish showing:

A..B- The normal structure of spleen showing the normal distribution of white w)
and red (R) (arrows) pulps.

C - Spleen of Oreochromis niloticus showing the decrease in the red pulp (R)
structure (arrow) a result of infection of these fish with I, multifiliis parasite..

D- Spleen of Oreochromis aureus showing the great development of red pulp (R)
with more MMCs (arrows) a result of infection of these fish with I multifiliis
parasite.

E..F- Spleen of Sarotherodon galilaeus and Tilapia zilli showing the condensation of
leucocytic (L) (arrows) within the spleen cells a result of infection of these fish
with I multifiliis parasite. (Scale bar=100um).

Fig. (13): Electron micrograph of the liver from four different species of Tilapia fish
showing:

A- Normal hepatocyte (control) showing a condensed chromatin (C) (arrow) and
a few number of mitochondria (M) and RER (arrows).

B- Hepatocyte of Itch-infected Oreochromis niloticus with a huge number of
mitochondria (M) and RER (arrows).

C- Hepatocyte of Itch-infected Oreochromis aureus with a huge number of
cytoplasmic melanosomes (CM) (arrows). A

D.E- Hepatocytes of Itch-infected Sarotherodon galilaeus and Tilapia zilli
respectively showing the close contact between pigment cells (PC) appeared in
the section (arrows). (Scale bar=2pm).

Fig. (14): Electron micrograph of the kidney cells of four different species of Tilapia fish

showing:

A- Normal kidney cell (control) with randomly arranged MMCs (arrow).

B- Kidney cell of Itch-infected Oreochromis niloticus with large phagocytic cells
(ph) filled with engulfed materials (arrow).

C- Kidney cell of Itch-infected Oreochromis aureus with MMCs (arrows) light
areas empty or containing some cell debris.

D.E- Kidney cell of Itch-infected Sarotherodon galilaeus and Tilapia =zilli
respectively (arrows). (Scale bar=2um).

Fig. (15): Electron micrograph of the spleen cells of four different species of Tilapia fish
showing:

A- Normal spleen cells (control) showing less organized, non-encapsulated
structures formed by small accumulations of macrophages (MA)
containing engulfed cell debris (arrows).

B- Spleen cells of Itch-infected Oreochromis niloticus showing accumulation of
pigments formed melanosomes (MS) (arrows).

C- Spleen cells of Itch-infected Oreochromis aureus showing melanosomes
(MS) are ovoid in shape and vary in size (arrow).




D,E- Spleen cells- of ltch-infected Sarotherodon galilaeus and Tilapia zilli
respectively showing a close connection with melanosomes (MS) aggregates.
(Scale bar=2pm).

Fig. '(16”): Four representative profiles of the electrophoretic distribution of serum
protein fraction in Oreochromis niloticus (A), Oreochromis aureus (B),
Sarotherodon galilaeus (C) and Tilapia zilli (D). Fractions were determined to
be (1) Albumin, (2) Alpha 1, (3) Alpha 2, (4) Beta 2, (5) Beta 3 (IgM). C=non-
infected control; I=ltch-infected fish.

Fig. (17): Electron micrograph reveals morphological feature typical of apoptotic cells in
the gills of non-infected control and Itch-infected of four species of Tilapia fish
A- Normal gills of Tilapia fish showing small number of apoptotic cells (AP)
(arrows). ,
B,C,D,E- Itch-infected gills of Oreochromis niloticus, Oreochromis aureus,
Sarotherodon galilaeus and Tilapia zilli showing the appearance of apoptotic
cells (AP) (arrows) as a result of I. multifiliis infection. (Scale bar=2pm).

Fig. (18): Electron micrograph showing the typical apoptotic feature of the hepatocytes
non-infected control and Itch-infected of four different species of Tilapia fish

A- Showing the control hepatocyte (arrow).
B,C,D,E-Showing the hepatocytes from Itch-infected Oreochromis niloticus,
Oreochromis aureus, Sarotherodon galilaeus and Tilapia zilli respectively
o showing the appearance of apoptotic cells (AP) in large number than the normal
(control) hepatocytes which contain a few number of apoptotic cells (arrows).

(Scale bar=2pm).

Fig. (19): Electron micrograph showing the morphological feature typical apoptotic
cells in the spleen non-infected control and Itch-infected of four different
species of Tilapia fish:

A- Showing the control spleen cell {control) showing small number of
apoptotic cells (AP} (arrows).

B,C,D,E-Showing the spleen cell from Itch-infected Oreochromis niloticus,
Oreochromis aureus, Sarotherodon galilaeus and Tilapia zilli respectively
showing large number of apoptotic cells (AP) (arrows). (Scale bar=2um).

Fig. (20): Agarose gel electrophoresis of gill DNA of Oreochromis niloticus (a),
Oreochromis aureus (b), Sarotherodon galilaeus (C) and Tilapia zilli (d).
Reference MW markers are shown in lane 1. C=non-infected control; I=Itch-
infected fish.




