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ABSTRACT 

 

Spironucleosis is an increasing problem in aquaculture worldwide. The 

study on spironucleosis in ornamental fishes, angelfish (Pterophyllum scalare), oscar 

(Astronotus ocellatus), blue mbuna (Labeotropheus fuelleborni) and Siamese fighting 

fish (Betta splendens) revealed Spironucleus sp. infection in three out of four ornamental 

fish species, angelfish, oscar and blue mbuna. The highest percentage infection was 

recorded in angelfish (109 out of 121=90.0%) followed by oscar (83 out of 110=75.4%) 

and blue mbuna (61 out of 100=61.0%), respectively. The infection was found in several 

organs of infected fish including skin, fin, intestine, liver, gall bladder, heart and spleen. 

Examination of Spironucleus sp. from angelfish showed that the parasites were typically 

highly motile and rotate around their longitudinal axis. Live trophozoite shape was of 9.0-

16.0 µm long and 3.0-10.0 µm wide with six anterior flagella, two posterior flagella. 

Scanning electron microscopy of trophozoite showed smooth body surface, adorned 

body with compound lateral longitudinal ridges, posterior end swirled. Six anterior 

flagella emerged posterior-medially from the cytostome opening. Two recurrent flagella 

protruded from the posterior end of the body surrounded by a crescent-shaped ridge. 

The posterior end of the body bears two papillae and opening of flagellar pockets.

Transmission electron microscopy showed the compound S-shape of nuclei. The 

parasites had a highly vacuolated cell with prominent recurrent flagella, kinetosomes 

just below the apex of the S-shape of nuclei. Lateral ridge is supported by microtubules, 

recurrent flagellar between two nuclei and extended to posterior end. The parasite had 

both supra nuclear microtubular and infra nuclear microtubular. Recurrent flagella with 

flagellar pockets (cytosomal canals) passing posteriorly through the cell. Identification 

by means of morphological studies under light and electron microscopes indicated that 
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the parasite was Spironucleus vortens. Identification of Spironucleus sp. from discus 

and oscar was not achieved due to no parasite growth on culture medium. 

Histopathological changes of infected angelfish revealed granulomatous 

liver, numerous numbers of melanomacrophage in the spleen and inflammation of the 

intestine. In vitro study on the optimal growth conditions of S. vortens isolated from 

angelfish in culture medium showed that the maximal growth of parasite was at 25oC 

and pH 7. In addition, S. vortens could be cultured at 20oC and 30oC and pH 7 to 9 but 

not at 5oC and 10oC at any pH levels. Moreover, the cyst stage of parasite was recorded 

at 20oC and 25oC. Pathogenicity study of S. vortens in angel fish showed 14 days-LD50 

of 2.99x103 cells. Susceptibility study of S. vortens to goldfish (Carassius auratus), 

guppy (Poecilia reticulata) and platy (Xiphophorus macullatus) indicated that these 

experimental fish were resistant to artificial infection.    

The growth inhibition assay of S. vortens was examined in vitro. The 

results showed that dimetridazole and metronidazole were effective in inhibiting parasite 

growth after 48 h exposure at concentration of 4.0 µg/ml or higher and 6.0 µg/ml or 

higher, respectively. Magnesium sulfate inhibited the parasite growth at concentration of 

60 mg/ml or higher after 72 h exposure. For the spironucleosis of naturally infected 

angelfish, dimetridazole was chosen to determine its efficiency on natural infection of  
S. vortens. It was found that dimetridazole at 4.0 µg/ml provide the highest efficiency a 

which can be used for treatment of spironucleosis in angelfish. 
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 Nelson (1994)  

Phylum   Chordata 

 Class   Actinopterygii 

                   Order   Perciformes 

            Suborder   Labroidei 

        Family   Cichlidae 

            Subfamily   Astronotinae 

            Scientific name   Astronotus ocellatus (Cuvier) 

  

Subfamily   Cichlasomatinae 

Scientific name   Pterophyllum scalare (Lichtenstein) 
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Subfamily   Pseudocrenilabrinae 

Scientific name   Labeotropheus fuelleborni (Ahl) 

 

Family   Osphronemidae 

 Subfamily   Macropodinae 

              Scientific name   Betta splendens (Regan) 
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3.1  
Lom Dykova (1992) 

hexamitid flagellates   
Subkingdom   Protozoa 

Phylum   Mastigophora 

       Subphylum   Mastigophora 

             Class   Zoomastigophorea 

                    Order   Diplomonadina 

              Suborder   Diplomonadida 

       Family   Hexamitidae 

    Genus   Hexamita sp. 

    Genus   Spironucleus sp. 

    Genus  Octomitus sp. 

    Genus   Giardia sp. 

    Genus   Trimitus sp. 

    Genus   Trepomonas sp. 

    Genus   Retortamonas sp. 

    Genus   Carpediemonas sp. 

    Genus   Trimastix sp. 

    Genus   Tetramitus sp. 

hexamitid flagellates 10 3

Hexamita Octomitus 

Spironucleus Poynton and Morrison, 1990; Poynton et al., 1995; Sterud et al., 1997, 

1998; Poynton and Sterud, 2002; Poynton et al., 2004 hexamitid flagellates 

Urophagus intestinalis (Syns. Hexamitus intestinalis)

Octomitus intestinalis 

truttae (Moroff, 1903, Schmidt, 1919; 1929 Saghari Fard et al., 2007)
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2 8 6

2 axostyle 

2 2 10-20 

hexamitiasis spironucleosis hole in the head 

 (Kulda and Lom,1964a; 1964b; Bassleer, 1983; Levine, 1985; 

Siddall et al., 1992; Poynton et al., 1995; Woo and Poynton, 1995; Sterud et al., 1997; 

Paull and Matthews, 2001; Poynton and Sterud, 2002) 

hexamitid flagellates 1 
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5 hexamitid flagellates  
: Poynton Sterud (2002) 
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1 hexamitid flagellates 

Character Spironucleus Hexamita Octomitus 

Flagellar pocket + + - 

Central axis formed by recurrent axonemes       

microtubular bands, endoplasmic 

reticulum 

- 

 

- 

 

+ 

 

Two terminal spike - - + 

Shape of nuclei S-shape Spherical Reniform 

Location of kinetosomes relative to nuclei Sub-apical External 

surface 

Between 

Position of recurrent flagella relative to nuclei Medial Lateral Medial 

Supra nuclear microtubular band + + Reduce 

Infra nuclear microtubular band + + Reduce 

: Poynton Sterud (2002) 

 
3.  hexamitid 

flagellates 
hexamitid flagellates 2

longitudinal binary fission binary division 

(Moore, 1922; Kulda and Lom, 1964a; 1964b; Kulda 

and Nohynkuva, 1978; Poynton and Morrison,1990; Kent et al.,1992; Poppe et al., 1992;

Brugerolle and Lee, 2002; Woo, 2006

 Poynton (1995)  S. vortens

25  TYI-S-33 

trypticase, yeast extract iron serum Sterud  Poynton (2002) 

 2-34  
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5  10  Sangmaneedet  Smith (2000)

 S. vortens

6.5-7.5 -  7.5 

 bovine bile  Sterud (1998a)  

S. barkhanus Salmo salar)  grayling  

(Thymallus thymallus 5  

 
3.3  

Guo Woo

(2004a)  S. barkhanus -

 

 95 Becker

  Gratzek (1988)  

 

S. vortens 

 (Poynton et al., 1995) Hexamita salmonis 

Oncorhynchus mykiss) -
- -  

 

Uldal and Buchmann, 1996   

Kent Chinook salmon 

(Oncorhynchus tshawytscha) Poppe 

 Hexamita salmonis

Salmo salar) 
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3.4  

(Kulda and Nohynkova, 1978) 

 

 (Gadus morhua)  (Melamogrammus aeglefinus) 

(Ferguson, 1979; Poynton and Morrison, 1990; Poppe et al., 1992; Sterud et al., 1997) 

 

 2 Pterophyllum altum  P. scalare (Poynton et al., 1995) 

Sterud (1998) 

S. barkhanus  
Arctic char (Salvelinus alpinus)  

Hexamita sp. 

 Chinook salmon 

 (Kent et al., 1992) 

Spironucleus sp. 2  
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2 Spironucleus sp.  

Species Host Location Geographic 

locality 

Literature source 

S. barkhanus Arctic char intestine, 

gall bladder 
W, D Norway Sterud et al., 1998 

 Grayling intestine, 

gall bladder 
W, F Norway Sterud et al., 1997 

S. salmonicida a Arctic char systemic 

(intracellular) 
A, S Norway Sterud et al., 2003 

 Atlantic 

salmon 
systemic A, S Norway Sterud et al., 1997; 1998 

 Chinook 

salmon 
systemic A, S Canada Kent et al., 1992 

S. salmonis b Brook trout intestine 

(pyloric) 
A, F USA Moore, 1922; Davis, 1926 

 Brown trout intestine 

(pyloric) 
A, F USA Moore, 1922; Davis, 1926 

 Lake trout intestine 

(pyloric) 
A, F USA Moore, 1922; Davis, 1926 

 Rainbow 

trout 
intestine 

(pyloric) 
A, F USA Ferguson, 1979 

 Rainbow 

trout 
intestine 

(pyloric) 
A,F Ireland Poynton et al., 2004 

S. torosa Burbot intestine 

(rectum) 
W, F Norway Sterud, 1998a 

 Cod intestine 

(rectum) 
W, S Norway Sterud, 1998b 
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2 Spironucleus sp.   
Species Host Location Geographic 

locality 

Literature source 

S. torosa Cod intestine (rectum) W, S Canada Poynton and Morrison, 1990 

 Haddock intestine (rectum) W, S Canada Poynton and Morrison, 1990 

 Saithe intestine (rectum) W, S Norway Sterud, 1998b 

S. vortens Angelfish intestine (middle), 

lip tumor 

A, F USA Poynton et al., 1995 

 Angelfish intestine, 

head lesions 

A, F UK Paull and Matthews, 2001 

 Discus systemic A, F UK Paull and Matthews, 2001 

 Ide intestine W, D Norway Sterud and Poynton, 2002 

A:aquaculture, D:anadromous, F:freshwater, S: seawater, W:wild  
a diplomonads initially reported as a hexamitid infection by Kent et al. (1992) and as  

S. barkhanus by Sterud et al. (1997, 1998, 2003) and then renamed to S. salmonicida 

by Jørgensen and Sterud (2006).  
b Diplomonads initially reported as Hexamita salmonis by Moore (1922), Davis (1926) 

and Ferguson (1979) and renamed to S. salmonis by Poynton et al. (2004). 

 
3.    

 Sangmaneedet Smith (1999) 

dimetridazole)  

 S. vortens

metronidazole) mebendazole)   

S. vortens Tojo Santamarina (1998) 

 S. salmonis O. mykiss  
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flagellates scanning electron microscope: 

SEM transmission electron microscope: TEM
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1.  
 

1,000 44x19x20 

 

 
2.  
 

(plate) loop)

(incubator) Tryptic Soy 

Agar (TSA: Merck, Darmstadt, Germany) Tryptic Soy Broth (TSB: Merck, Darmstadt, 

Germany) 

API 20E system, bioMérieux, France  

 

3.  
 

3.1 (thermometer)  

3.2  (DO meter) 

YSI model 57 

3.3 - (pH meter)

Mettler Delta 340 

3.4 alkalinity
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4.  
 

4.1 50  

4.2  

4.3 casette

 

4.4 automatic tissue processer

technicon corporation Mod. 2A Autotechnicon Mono MOD 2A 

4.5 embedding center mold

embedding ring  

4.6 microtome Jung AG Heidelberg

Leica, Disposable Microtome Blades water bath  

4.7 Memmert) 

 

4.8  

4.9  

4.10 hot plate  

4.11  Olympus C-35 AD  

 
5. hexamitid flagellates  
 

5.1  

  magnetic stirrer magnetic bar  

T-flask 50 150 250 500 5 10  Automatic pipette 

 

 

 

 (haemacytometer) (counter) 

0.45 0.20  
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 Olympus C-35 AD 

5.7 inverted microscope) Olympus IX 

70 
 
6. hexamitid flagellates 

 
 

6.1 5.1 
6.2 (cover glass) 

6.3 (centrifuge) 

6.4  

6.5  

6.6 ultramicrotome Sorvall MT 500  

6.7  

6.8 grid  

6.9 Joel JEM 

100CX II  

 
7. 

 
 

7.1  

7.2 44x19x20  

7.3  

7.4  

7.5  

7.6  
7.7  
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1.  
 

4  3.17±1.11 100 

 2.46±0.30 121 5.56±1.16

110 3.19±0.31 98 

44x19x20 

50 40-50  

aseptic techniques

Tryptic Soy Agar 

API system (BioMerieux)

 (water temperature) 

-  (pH)  pH meter  (dissolved oxygen) 

 DO Meter  (alkalinity)  
  
2. hexamitid flagellates 
 

0.85 1-2 

200-1,000  
10  
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Occurrence; % = ) X 100 

 
 
3. hexamitid flagellates  
 

 hexamitid flagellates  

Paull Matthews (2001) L-15 

- 10

 150 

40  10 

25

inverted 

microscope) subculture) -
hexamitid flagellates 

 
 

.  hexamitid flagellates  
 

  

 
.1  

smear

 5 
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50 80 100 1 

 Culling (1985) 

Paull Matthews (2001) 

 
 

.2 
 

 hexamitid flagellates 

1,500 5 

2.5 

cacodylate buffer) 24 

4 

3 15 

post fixation) osmium 

tetraoxide) 1 0.1 

pH 7.4) 1 

 critical point dryer (CPD-Hitachi) 

 Polaron sputter coater 

 (Scanning 

Electron Microscopy: SEM)  

Transmission Electron Microscopy: TEM)

SEM post 

fixation) osmium tetraoxide) Vernal acetate buffer 

(pH 7.3) Epon-812 

thick section) 0.5-1 

(toluidine blue) 
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thin section) 

60-90 uranyl acetate) lead citrate) 

 Robinson 1987) 

 
 

.3  
 

 

diplomonad 

flagellates Poynton  Sterud (2002)  

 
5.   
 

2 72 

50  70 

Humason (1979)

dehydration

xylene infiltration  2

3-5

35-40 1-2 40 

10-12 

Bancroft (1967) 
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6. hexamitid 
flagellates  
 

hexamitid flagellates 
(subculture) 2 

-

50 

 10 - 5 6 7 8 9 10

2,500 

5 10 20 25 30  24 48 72 96 

120  Sangmaneedet  Smith (2000)

2 50 

5 50

1 

-

  

 
7.  

 
7  

 

 
7  

 hexamitid flagellates 
LD50



30 

 

1,500 4 10

PBS (pH 7.4) 1.1x103, 4.2x103, 1.20x104, 4.6x104, 

1.12x105, 4.5x105  1.25x106

0.1 5 3

PBS (pH 7.4) 14

2

14 days-LD50 Reed Muench (1938) 

-  (pH)  pH meter

 DO Meter   
 
8.  hexamitid flagellates  
 

hexamitid flagellates 
  

hexamitid flagellates 
LD50 

10 1  PBS (pH 7.4)

3 10 10  

2 

hexamitid flagellates 
-  

(pH)  pH meter  DO Meter

 

 
9.  
 

 

3
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9.1  
 
9.1.1  

 
(Hili et al., 1997) 1 10,000

1,000 800 600 400 200 100 50 

25  1 

1,000 800 600 400 200 100 50 

 25   

 
9.1.2  hexamitid flagellates 

 hexamitid flagellates 
stationary phase 

2,500 

 
 
9.1.3
hexamitid flagellates in vitro) 

1:100 ( 50 :  4,950 

) 0.25 0.50 1.0 2.0 4.0 6.0 8.0 10 

 2.5 5.0.10 20 

40 60 80 100  

Sangmaneedet  Smith 

(1999) 
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3 
 

 
 
3.   
 

4  
hexamitid flagellates 

2
90.0 75.4 61.0 0  3

6A, B
1-2 

 7  
4

 Vorticella sp., Oodinium sp., Trichodina sp. Dactylogyrus sp.
Aeromonas hydrophila 

Serratia plymuthica Citrobacter freundii

- - 6.90-7.20  
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- -
 

 
 3 hexamitid flagellates  

 
  

 

 

 90.0 

(109/121)  

 75.4 

(83/110)  

 61.0 

(61/100)  

 0 
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.3 hexamitid flagellates  
 
1)  

9.0-16.0 12.86±1.51 3.0-10.0
n=50 7 11.0-17.0 

5.0-11.0 n=50 8
3 Spironucleus sp. 

 (S-shaped) 
anterior 6

posterior 2 8  
 
2)  

10.5 8.5-12.5
3.05 2.5-4.6 3) 

lateral ridge) 
 posterior end 

swirled crescent-shaped) papillum) 
flagellar pockets)  

 
cytostome) 

9  

 (S-shape) 
 kinetosomes) 

 recurrent flagella) 
2 
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supra nuclear microtubular) infra nuclear 
microtubular)  
S. vortens 10) 

 

 

 
 

6 (A) (B) Spironucleus sp. 
 

 7 Spironucleus sp. 
fresh impression smear) 40x (bar=10 µm) 

8 Spironucleus sp.  
100x (bar=10 µm)  

6B 6A 

87 
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9 (A, B, C)  S. vortens

lr=lateral ridge; F=flagella; P=posterior; 
O=opening of the flagellar pocket; i=isoneme) 

 
  

 
lr 

i 

F 

O P 
lr 

F 
lr 

9A 

lr

P 

F 

lr

9B 

lr 

F

lr 

9C 

F 



38 
 

 

 
 

10 A, B, C, D S. vortens 
N = nucleus; K = kinetosome; V = 

vacuole; r = recurrent flagella; fp = flagellar pockets; snm = supra nuclear 
microtubular; inm = infra nuclear microtubular; cr =central ridge; mt = 
microtubule; ax = axoneme of anterior flagella; l = lamella  
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3.   
 

 S. vortens
granuloma) 2

1 melanomacrophage) 
3 14

hexamitid 
flagellates 

 
 

 
 

11 20x  
             (H&E, bar=50 µm)  
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12 Gr  S. vortens 20x 
(H&E, Bar=100 µm) 
 

 
 

13 (Me) 
S. vortens 20x (H&E, bar=50 µm) 
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Me 
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14  (*)  S. vortens 20x  

(H&E, bar=50 µm) 
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S. vortens  
  

 
*N= not found 

 
 

  
 

S. vortens 
1 2 3 4 5 6 7 8 9 10 

 control 0 0 0 0 0 0 0 0 0 0 N 
R1 0 0 0 0 0 0 0 0 0 0 N 
R2 0 0 0 0 0 0 0 0 0 0 N 
R3 0 0 0 0 0 0 0 0 0 0 N 

 
Control 0 0 0 0 0 0 0 0 0 0 N 

R1 0 0 0  0   0 0 0 N 
R2 0  0  0 0 0 0 0 0 N 
R3 0 0 0 0 0 0 0 0 0 0 N 

 
Control 0 0 0 0 0 0 0 0 0 0 N 

R1 0 0 0 0 0 0 0 0 0 0 N 
R2 0 0 0 0 0 0 0 0 0 0 N 
R3 0 0 0 0 0 0 0 0 0 0 N 



47 
 

3.8
S. vortens  

 
1)  

 S. vortens
4 

S. vortens  100 48 
 (  2 ) 6 

S. vortens  100 48
 (  2 ) 60 

S. vortens  100 72
(  23) 

 

 
 

2  S. vortens
  

  

0

200

400

600

800

1000

1200

S. 
vo

rte
ns

(x1
00

 ce
lls/

ml
)

g/ml)

0h

24h

48h

72h

96h



48 
 

 
 2  S. vortens

  
 

 
 

23 S. vortens
   

0

200

400

600

800

1000

1200
S.

 vo
rte

ns
 (x

10
0 c

ell
s/m

l)

g/ml)

0h
24h
48h
72h
96h

0
200
400
600
800

1000
1200
1400
1600

S.
 vo

rte
ns

(x1
00

 ce
lls/

ml
)

mg/ml)

oh
24h
48h
72h
96h



49 
 

2)  
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4 
 

 
 
4  
 

(Ferguson, 1979; Poynton and Morrison, 1990; 
Kent et al., 1992; Poynton et al., 1995; Sterud, 1998a, b, c) 
Spironucleus sp.  hexamitid flagellates  
Octomitus  Hexamita  (Paull and Matthews, 
2001; Poynton and Sterud, 2002)  

hexamitid flagellates 
3  

 
Spironucleus sp. diplomonadida 

 
 Anabantidae, Belontidae  Cichlidae 

 Acanthuridae  Pomacentridae (Becker, 1977; Ferguson and Moccia, 1980; 
Bassleer, 1983; Post, 1987; Andrews et al., 1988; Gratzek, 1988; Paull and Matthews, 
2001)  

 
 (  
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, 2538; Kulda and Lom, 1964a, 1964b; Molnar, 1974; Becker, 1977; Ferguson and 

Moccia, 1980; Bassleer, 1983; Post, 1987; Andrews et al., 1988; Gratzek,1988; Specht 

et al et al., 1993; Poynton et al., 1995; Woo and 

Poynton, 1995)  Spironucleus sp. Mo et al., 

1990 Uzmann et al., 1965; Kent et al., 1992

 

Atlantic salmon S. salmonicida 

necrotic) Poppe et al., 1992; Sterud et al., 1997; 

1998 Chinook salmon S. salmonicida 

nodule) focal

Kent et al., 1992; Meseck et al., 2007) S. salmonis 

Allison, 1963; Uzmann et al., 1965) 

Moore, 

1922a, 1922b ;Davis, 1926; Ferguson, 1979; Robert and Shepherd, 1979; Robert, 1989) 

S. vortens 

ide ( Poynton et al., 1995; Paull and Matthews, 2001; Sterud and Poynton, 2002) 

(2532)

1-2 

 (2538)

0-40 13

90.0  

75.4 61.0 

hole in the head disease 
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Lom and Dykova, 1992

(Noga, 2000a, 2000b) 

(Amlacher,1970; Molnar, 1974; 

Becker,1977; Post,1987; Gratzek, 1988; Woo and Poynton, 1995; Morrison et al., 2007)

Amlacher,1970; Post, 1987  

 
(O. mykiss) S. barkhanus 

Mo et al., 1990; Uldal and Buchman, 1996

Vorticella sp., Oodinium sp.  

Dactylogyrus sp.  Trichodina sp.

rhizoid 

 Trichodina sp.
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Dactylogyrus sp. Trichodina sp.

2546)  Dactylogyrus sp.

 Trichodina sp.  Trichodina sp.

Spironucleus sp. 

 Spironucleus sp.  
Aeromonas hydrophila 

hexamitid flagellates 

3

-

Spironucleus sp.   
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hexamitid flagellates 

S. vortens

 

 S. elegans 

symmetry) Poynton et al., 1995; Sterud and Poynton, 

2002 Poynton (1995) 

 

 hexamitid flagellates

hexamitid flagellates 

-

 

 
4  
 

 

S. vortens

 S. vortens
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allergen) 

hypersensitivity) 

(
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2538; van Dujin ,1956; Sano, 1970; Mo et al., 1990; Poppe et al., 1992; Siddall et al., 

et al.,1993; Uldal and Buchman, 1996; Paull and Matthews, 2001; Guo 

and Woo, 2004a, 2004b

non-specific 

acquired immunity) 

immunoprotective) 

  

 

4.3 S. vortens 
 

 
S. vortens 

24 

3 11,964,070 

9 10

pyriform-shape

-
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20 25 

Moore 

(1922)  Sano 1970 Hexamita salmonis

- 7-9 

- 7 -  8 

(9 ) 24 

- bovine bile 

 Paull  Matthews (2001)

S. vortens 

4

   

Sangmaneedet Smith (2000)  S. vortens 

TYI S 33 -

-  7.5 Poynton 1995 S. vortens 

25-30 modified TYM medium 

casein hydrolysate, bovine serum 

(cryoprotective agent) 

- 0  TYI-S-33 

90 Poynton et al., 1995; Sangmaneedet and Smith, 2000   

 S. vortens

2
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25

S. vortens

6

Axelord, 1985 22-30 

Mills et al., 1988

S. vortens Sterud Poynton (2002) 

ide (Leuciscus idus) cyprinidae 

S. vortens 

Levsen, 1995 Sterud and Poynton, 2002) 

Sterud Poynton (2002) ide 

- Sterud and Poynton, 2002)

S. vortens 

Poppe et al., 1992; Sterud et al., 1997; Sterud, 1998c)

S. barkhanus (gadids) 

(Poynton and Morrison, 1990; Sterud, 1998b) 

reservoir host) arctic char 
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S. barkhanus Sterud et al., 1998)

S. torosa 

S. barkhanus Spironucleus sp. 

(Poynton and 

Morrison, 1990; Poppe et al., 1992; Sterud et al., 1997; Sterud, 1998a, b, c)

ciliated  Ichthyophthirius multifiliis  

Cryptocaryon irritans (Dickerson and Dawe, 1995)

 
 
4  

 

 S. vortens

50 14 2.99x103  

Sangmaneedet (1999)  

S. vortens x106 

(Yasutake et al., 

1961; Poynton and Morrison, 1990) 
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S. vortens 

Macdonald and 

Monteleon, 2005) 

3

10 

metabolism) 

 

-
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Post, 1987; Klontz, 1993; Conte, 

2004) LD50 

S. vortens 

-

10

 
resistance

immunity

innate resistance) 

host-parasite specificity) 

Van Muiswinkel, 1995; 
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Woo, 1996) S. vortens 

 
 

4  
 

 S. vortens

Yasutake et al., 1961

  

Amon et al., 1978; Muller, 1983; Chapman et al., 1985; Church et al., 1996

Sangmanedet Smith (1999) 7

   

   S. vortens  
 1

33 

24  4

50  

48  0.5

S. vortens 50 72  

 70 

S. vortens 24  

1-10 

Tojo Santamarina (1998)  

S. salmonis O. mykiss
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S. vortens 

6

1

-

 S. vortens   

S. vortens

7,0 5-10 

Sangmaneedet and Smith, 1999

 

Spironucleus sp. 
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(Poynton and Morrison, 1990; Poppe et al., 1992; Sterud  

et al., 1997; Sterud, 1998a, b, c)
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1.  
hexamitid flagellates 

Spironucleus vortens  
hexamitid flagellates 

1-2 
 

. S. vortens 

 
. S. vortens 25 

- 7 
. S. vortens 50 

14 LD50 14 2.99x103 

 
.   

S. vortens  
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(Gram stain) Hucker modification of gram method  
(Rodina, 1972) 

 

 

 

 crystal violet-ammonium oxalate  
- crystal violet (90% dye content) 2  

- ammonium oxalate  0.8  

- ethyl alcohol (95 )  20   

- distilled water    80    

 
 

2  Safranin solution 

stock safranin  

95  :10

 

 

 

- Iodine 1   
- Potassium iodine 2  
- Distilled water 300  

 

4. Decolorize 

  Ethyl alcohol (95%) 
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 (smear)

(fixed) crystal violet

(decolorized) 30 

safranin 

(light microscope)  
  

 
 

(Api 20E 

system, BioMeriux)  

Api 20E system (Biomerieux)

 

 

 

McFarland 

Api 

API 20E ADH, ODC, H2S URE 

liquid paraffin ICITI, IVPI IGELI

2 reagents 

1 -

Identification table 

APILAB Plus software  
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(PBS, pH 7.4) 
 

  

 

1. (NaH2PO4  2H2O)            0.62  

2. (Na2HPO4 7H2O)     1.61  

3. (NaCl)                  15.00  

4.                                                         1,000  

1,000 

pH 7.4 15 15  

 

 
 

1. 

(Bancroft, 1967; Humason, 1979) 

 

 

 

 
1.  (formalin) 10  

-  (formalin) 100  

-      900  

  

 

2. (haematoxylin)  

- (haematoxylin crystal) 4  

- (sodium iodate) 0.8  

- (potasium aluminium sulfate, alum) 100  



80 

 

- (citric acid) 4  

- (chloral hydrate) 200  

-  2,000  

1 

 

 

3. (eosin)  

- (eosin Y.Cl 45380) 1  

- 70   1,000  

-       5  

 

 

 
1. (quinaldine) 50 

 

2. 

10 

3 

50 70  
 

dehydration embedding 

 

1. (trim) 

embed section  

2. dehydration 

(automatic tissue processor)  
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  ( ) 

1 50  1 

2 70  1 

3 70  1 

4 95  1 

5 95  1 

6 (absolute alcohol)  

7 (isopropyl alcohol) 1 

8  1 

9 (xylene) 1 

10  1 

11 (paraplast) 1 

12  1 

 

3. 2 embed block 

section  

4. block 

 3-4 

45-50  

5. 45 

 

6.  

 

  ( ) 

1  2 

2  2 

3  2 

4  1 

5  1 

6 95  1 
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 7. (mount) (permount) 

 

  

7 70  1 

8 50  1 

9  1 

10  10-20 

11  1 

13 50  1 

14  2-4 

15 70  2 

16 95  2 

17  2 

18  2 

19  2 

20  2 

21  2 

22  2 
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fixative solution

washing buffer  

 

 

 

1. 0.4 M pH 7.4 

C2H6Na ASO3  3H2O     

      500   

hydrochloric acid 0.2 N pH 

 

  

2. primary fixative  
glutaraldehyde 50  20  

0.4 M 1  50  

10    36  

        94  

  

 

3. washing buffer  

0.4 M 1   50  

10   100  
       94  
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TEM  

 

1. Spironucleus sp. 

 1,500 coat

poly-L-lysine primary 

fixative 1-2  

2.

washing buffer 3 5 

 

3. 1

 1-2 post fixative  

4. 3 5  

5. En block-stain uranyl 

acetate  2 20  

6. Dehydration  

   Ethanol 50  2 15  

   Ethanol  70  2 15  

   Ethanol 80  2 5  

   Ethanol 90  2 5  

   Ethanol 100  2 15  

7. Infiltration ( ) 

   7.1 Propylene oxide 2 15  

   7.2 Propylene oxide : Epoxy resin (1:1)   1-2  
   7.3 Propylene oxide oxide : Epoxy resin (1:2)   1-2  
   7.4 Pure epoxy resin     2-3  

8. Embedding  
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8.1 Pure epoxy resin 1 4

 

  8.2 

 

8.3 Pure epoxy resin 2-3  

9.  Polymerization 70-80 

  

10. section

ultramicrotome 60-90 uranyl acetate 

5 lead citrate 

TEM  
   

SEM   

 

1. Spironucleus sp. 

 1,500 coat

poly-L-lysine primary 

fixative 1-2  

2.

washing buffer 3 5 

 

3. 3 5  
4. 1

 1-2 post fixative  

5. Dehydration  

   Ethanol 50  3 15  

   Ethanol 70  3 15  

   Ethanol 80  3 15  
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   Ethanol 90  3 15  

   Ethanol 100  2 15  

7. critical point drying:CPD

Samdri  

8. stub 2

 

9. coating) Ar

Au ion sputter 4

20-30 SEM 

 

 

 

microtube) 

haemacytometer) 

 

   = x x  

      =1 mm x1 mm x0.1 mm 

          = 0.1 mm3) 

       =  

  /   = x 104 
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1 hexamitid flagellates 

 

 
 pH  

 ) ) ) ) 

 7.20 27 7 24 0 0 

 7.07 26 6 21 0.5 0.15 

 7.02 26 7 17 0.5 0.15 

 6.90 26 7 18 0.5 0.15 

 7.05 26 7 17 0.5 0.15 
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hexamitid flagellates 

 

 
  

hexamitid flagellates. 

 
 

    
 

 1 2.004 5.1 - - - - - - - 

 2 2.148 6.1 + + + + - - - 

 3 2.253 7.5 + + + + + + - 

 4 2.213 7.2 + + + + - - - 

 5 2.611 7.8 + + - - - + - 

 6 2.079 5.2 + + + - - - - 

 7 2.018 5.0 + + + + + - - 

 8 2.063 5.1 + + + - + + - 

 9 2.128 5.2 + + + + + - - 

 10 2.273 5.2 + - + - - + - 

 11 2.152 5.2 + + + + + + - 

 12 2.283 5.2 + + + + + + - 

 13 2.156 5.1 + + + + + - - 

 14 2.098 5.0 + + + - + - - 

 15 2.342 5.3 - - - - - - - 

 16 2.176 5.1 + + - + + - - 

 17 2.066 5.0 + + - + + - - 

 18 2.379 5.2 + + + + + + - 

 19 2.546 5.3 + + + + + + - 

 20 3.012 7.2 + + + + + + - 

 21 2.712 6.5 + + + + + + - 

 22 2.834 6.7 - - - - - - - 

 23 2.546 5.6 + + + + + - - 

 24 2.112 5.1 + + + + + - - 

 25 2.905 5.8 + + + + + - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 26 2.845 5.7 + + + - + + - 

 27 2.550 6.0 - - - - - - - 

 28 2.789 6.1 + + + + + + - 

 29 2.657 6.1 + + + - - + - 

 30 2.099 5.0 - - - - - - - 

 31 2.409 5.3  + + - + - - 

 32 2.854 5.9 - - - - - - - 

  3.102 6.8 + + + + + - - 

  2.893 5.9 + + + - + - - 

  2.871 6.1 + + + - - - - 

  2.795 5.4 + + + - - - - 

  2.987 5.8 + + + + + + - 

  2.548 5.4 + + + + + - - 

  2.671 5.7 - - - - - - - 

  2.546 5.3 + + + + - + - 

  2.772 5.6 + + + - - + - 

  2.889 6.0 + - - - - - - 

  2.560 5.5 + - - - - - - 

  2.449 5.4 + + + + - - - 

  2.439 5.4 + + + + + + + 

  2.679 5.6 + + + + + + - 

  2.401 5.4 - - - - - - - 

  2.515 5.5 + + + + + + - 

  2.671 5.6 + + + + + + - 

 50 2.459 5.4 + + + + + + - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 51 2.587 5.5 - - - - - - - 

 52 2.564 5.5 + + + + + + - 

 53 2.896 5.8 + + + + - - - 

 54 2.567 5.5 - - - - - - - 

 55 2.312 5.3 + + + - - + - 

 56 2.056 5.2 + + + - + + - 

 57 2.826 5.7 + + + - - - - 

 58 2.760 5.7 + - - - - - - 

 59 2.895 5.7 + + - - - - - 

 60 2.959 5.8 - - - - - - - 

 61 2.491 5.3 + + + + + + - 

 62 2.438 5.3 + + + + + + + 

 63 2.817 5.8 + + + + + + + 

 64 2.983 5.8 + + + + + + + 

 65 2.602 5.6 + + + + + + + 

 66 2.581 5.4 + + + + + + + 

 67 2.907 5.8 + + + + + + + 

 68 2.839 5.8 + + + + - - - 

 69 2.801 5.7 + + + + + + + 

 70 2.694 5.6 + + + - - - - 

 71 2.610 5.6 + + + + - + - 

 72 2.827 5.8 + + + + + + - 

 73 2.679 5.6 + + + - - + - 

 74 3.121 5.9 + + + - - - - 

 75 2.739 5.6 + - - - - - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 76 3.121 5.9 + + - + - - - 

 77 2.739 5.6 + + + + + - - 

 78 2.284 5.0 + + + + + - - 

 79 2.178 5.1 + + + + - - - 

 80 2.343 5.1 + + + - - - - 

 82 2.467 5.3 + + - - + + - 

 83 2.378 5.4 + + - - + + + 

 84 2.671 5.5 + + + + + - - 

 85 2.219 5.2 + + + + + + - 

 86 2.342 5.2 + + + - + + - 

 87 2.156 5.1 + + + + + + - 

 88 2.153 5.0 + + + + - + - 

 89 2.004 5.0 + + + + - - - 

 90 2.149 5.0 + + - + + - - 

 91 2.258 5.1 + + + + - - - 

 92 2.219 5.1 + + + - - + - 

 93 2.616 5.5 + + + - - + - 

 94 2.652 5.6 + + + + + - - 

 95 2.089 5.1 + + + + - + - 

 96 2.073 5.0 + + + + + - - 

 97 2.139 5.0 + + + - + - - 

 98 2.276 5.1 + + + + + - - 

 99 2.159 5.1 + + + + + - + 

 100 2.285 5.1 + + + + + + + 

 101 2.158 5.1 + + + + + + - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 102 2.094 5.0 + + + + - - - 

 103 2.168 5.0 + + + + + - - 

 104 2.346 5.1 + + + + - - - 

 105 2.341 5.1 + + + + + + - 

 106 2.178 5.1 + + - + + + - 

 107 2.176 5.1 + + - + - + - 

 108 2.077 5.0 + + - - - - - 

 109 2.019 5.0 + + - - - - - 

 110 2.387 5.1 + + + - + - - 

 111 2.389 5.2 + + + - - - - 

 112 2.549 5.4 + + + - - - - 

 113 2.471 5.4 + + + + + + - 

 114 2.894 5.7 + + + + + + - 

 115 2.345 5.2 + + + + + + - 

 116 2.659 5.5 + + + + + + - 

 117 2.964 5.9 + + + + + + - 

 118 2.969 5.9 + + - - - + - 

 119 2.641 5.3 + + + - - - - 

 120 2.226 5.1 + + + + - - - 

 121 2.229 5.2 + + + - - - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 1 2.385 6.2 - - - - - - - 

 2 3.473 6.4 - - - - - - - 

 3 5.202 7.5 - - - - - - - 

 4 5.923 7.7 - - - - - - - 

 5 3.953 7.1 + - - - - - - 

 6 1.855 5.8 - - - - - - - 

 7 1.362 5.4 + - - - - - - 

 8 1.870 5.4 + + - - - - - 

 9 1.756 5.3 + - - - - - - 

 10 2.450 5.3 + - - - - - - 

 11 2.569 5.4 - - - - - - - 

 12 2.846 6.3 - - - - - - - 

 13 3.474 6.4 - - - - - - - 

 14 2.986 6.5 - - - - - - - 

 15 1.980 5.4 - - - - - - - 

 16 2.591 5.8 + + - - - - - 

 17 2.623 5.8 + + + + + + + 

 18 2.626 6.2 + + + - - - + 

 19 3.111 6.4 + + - - - - + 

 20 3.287 6.4 + - - - - - - 

 21 3.312 6.3 - - - - - - - 
 22 3.402 6.2 - - - - - - - 
 23 3.124 6.1 - - - - - - - 
 24 1.645 5.2 - - - - - - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 25 3.961 6.5 + + - - - + - 

 26 2.428 5.7 - - - - - - - 

 27 2.953 5.8 - - - - - - - 

 28 2.818 5.7 + + + - - - - 

 29 2.634 5.8 - - - - - - - 

 30 3.162 6.3 - - - - - - - 

 31 3.621 6.7 + - - - - - - 

 32 3.783 6.8 - - - - - - - 

 33 3.810 6.8 + - - - - - - 

 34 3.801 6.7 + - - - - - - 

 35 3.450 6.8 + - - - - - - 

 36 5.208 7.2 + - - - - - - 

 37 5.293 7.1 +  - - - - - 

 38 3.911 6.6 - - - - - - - 

 39 1.894 5.2 - - - - - - - 

 40 1.328 5.3 - - - - - - - 

 41 1.893 5.2 + + - - - - - 

 42 1.726 5.1 + + + - - - - 

 43 1.711 5.1 + + - - - - - 

 44 1.753 5.0 + - - - - - - 

 45 1.861 5.2 + - - - - - - 

 46 1.869 5.1 - - - - - - - 

 47 1.463 5.3 + - - - - - - 

 48 1.965 5.5 + - - - - - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 49 3.985 6.8 + + + + - - - 

 50 5.961 7.7 + + + - - - - 

 51 5.102 7.5 + + + - - - - 

 52 3.452 6.8 + - - - - - - 

 53 3.741 7.0 + - - - - - - 

 54 2.531 5.7 - - - - - - - 

 55 2.485 5.5 - - - - - - - 

 56 2.715 5.4 - - - - - - - 

 57 4.626 6.2 + + + - - - - 

 58 4.138 6.1 + + + + - - - 

 59 4.610 6.2 + + + + - - - 

 60 4.932 6.1 + + + + - - - 

 61 5.101 6.6 + + + + - - - 

 62 4.038 6.4 - - - - - -  

 63 2.912 5.9 + - - - - - - 

 64 3.718 6.5 - - - - - - - 

 65 3.625 6.4 + - - - - - - 

 66 3.115 6.2 + + - - - - - 

 67 2.485 5.8 + - - + - - - 

 68 3.373 6.3 - - - - - - - 

 69 5.302 6.6 + + + - + - - 

 70 5.632 5.4 + + + - - - - 

 71 3.863 6.6 - - - - - -  

 72 1.965 5.2 + - + + - - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 73 1.487 5.3 - - - - - -  

 74 1.890 5.2 + - - - - - - 

 75 1.876 5.2 + + - - - - - 

 76 3.653 6.8 + + + - - - - 

 77 4.287 7.7 + + - - - - - 

 78 5.735 7.5 + + + + + + - 

 79 3.842 6.8 + + + + + + - 

 80 3.912 7.1 - - - - - - - 

 81 1.989 5.8 + + + + + - - 

 82 2.689 5.6 - - - - - - - 

 83 2.635 5.6 + + + + + + - 

 84 2.635 5.5 + +  - - - - 

 85 3.152 5.4 + + + + - - - 

 86 3.269 6.2 + + + - - -  

 87 3.256 6.1 + - - - - - - 

 88 3.415 6.2 + - - - - - - 

 89 3.215 6.2 - - - - - - - 

 90 1.645 6.1 - - - - - - - 

 91 3.982 5.9 - - - - - - - 

 92 2.526 6.6 - - - - - - - 

 93 2.968 6.4 + + - - - - - 

 94 2.859 5.9 + + + - - - - 

 95 2.634 6.5  + + - - - - 

 96 3.261 6.5  + + + + - - 
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hexamitid flagellates  

 

 
  

hexamitid flagellates 

 
 

    
 

 97 3.218 6.4 - - - - - - - 

 98 3.870 6.2 + - - - - - - 

 99 3.296 6.3 - - - - - - - 

 100 3.108 5.9 + + - - - - - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

 1 6.321 7.7 - - - - - - - 

 2 2.964 5.9 - - - - - - - 

 3 3.281 6.0 + + - - - - - 

 4 5.345 6.9 + - - + - - - 

 5 5.752 6.8 + - - - - - - 

 6 5.773 7.6 + + + + + + - 

 7 6.601 7.5 + + + + + + - 

 8 5.201 7.2 - - - - - - - 

 9 2.246 5.7 - - - - - - - 

 10 6.213 7.6 + + + - - - - 

 11 6.395 7.4 + + + + + + - 

 12 8.717 7.9 - - - - - - - 

 13 6.018 7.9 + - - - - - - 

 14 5.268 7.0 + + + + + + - 

 15 4.542 6.7 - - - - - - - 

 16 4.203 6.8 - - - - - - - 

 17 7.469 7.6 + - - - - - - 

 18 8.464 7.9 - - - - - - - 

 19 3.184 6.1 - - - - - - - 

 20 6.189 7.4 - - - - - - - 

 21 7.388 7.6 - - - - - - - 

 22 5.024 7.3 + - - - - - - 

 23 4.626 6.9 - - - - - - - 

 24 6.641 7.4 + + - - - - - 

 25 5.006 6.8 + + + + + + + 
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hexamitid flagellates  
  

  
hexamitid flagellates 

 
 

 
 

  
 

 26 5.342 6.4 + + - - - - - 

 27 6.421 6.8 + + + + - - - 

 28 5.981 6.8 - - - - - - - 

 29 5.893 6.7 + + + + + + - 

 30 4.626 6.9 - - - - - - - 

 31 5.768 6.4 + + + + + + - 

 32 6.483 7.6 + + - - - - - 

 33 3.987 6.3 + + + - + - - 

 34 2.679 6.2 + + + + + + - 

 35 5.492 6.5 + + + - + + - 

 36 5.823 6.7 + + + - - - - 

 37 5.762 6.7 + + + - + - - 

 38 6.771 7.5 + + + - + - - 

 39 6.683 7.5 + - - - - + - 

 40 7.322 7.6 + - - - - - - 

 41 3.968 6.3 + - - - - - - 

 42 2.485 5.9 + + - - - - - 

 43 5.624 6.7 + + - - - - - 

 44 5.852 6.5 + + + - + - - 

 45 5.897 6.6 + - - - + + - 

 46 6.532 6.8 + + + - - - - 

 47 5.220 6.1 + - + + - - - 

 48 2.354 5.3 + + + + - + - 

 49 6.391 7.1 + - - + + - - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

 50 6.368 7.1 + + + + - + - 

 51 8.781 8.2 + + + + - - - 

 52 6.126 6.3 + + + + - - - 

 53 5.346 5.6 + + + - - + - 

 54 4.562 5.0 + + + - - - - 

 55 4.320 5.1 + + - - - - - 

 56 7.539 6.8 + + + - - - - 

 57 8.563 7.8 + - - - - - - 

 58 3.264 5.6 + - - - - -  

 59 6.293 5.9 + + + - + - - 

 60 7.362 7.0 + + + - - + - 

 61 5.034 5.9 + + - - + +  

 62 4.539 5.1 + + + + + - - 

 63 6.941 5.9 + + + + + + - 

 64 3.264 6.5 + + - + + + - 

 65 2.653 4.5 + + - - - + - 

 66 7.690 7.1 + + - - - - - 

 67 5.712 6.5 + - - - - - - 

 68 5.930 5.0 + + + + - - - 

 69 6.124 5.2 - - - - - - - 

 70 2.239 4.5 + + + + - - - 

 71 6.392 6.2 + + - + + - - 

 72 6.354 6.3 + - - - - - - 

 73 8.821 7.8 + - - - - - - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

 74 6.023 6.5 + - - - - - - 

 75 5.363 6.2 + - - - - - - 

 76 4.356 5.9 + + + - + + - 

 77 4.235 5.6 + + - - - - - 

 78 7.496 7.4 + + + - - - - 

 79 8.562 7.8 + - - - - - - 

 80 3.260 4.9 + + + + - + - 

 81 6.314 7.1 - - - - - - - 

 82 7.312 7.8 + - - - - - - 

 83 5.132 6.7 + - - - - - - 

 84 4.936 6.0 + + + - - - - 

 85 6.623 7.6 + + + + - - - 

 86 3.256 5.0 + + + + + + - 

 87 2.395 4.8 + + + + + + - 

 88 5.432 6.4 + + + + + + - 

 89 5.634 6.5 + - - - - - - 

 90 5.862 6.3 + - - - - - - 

 91 6.259 6.9 + + - - - - - 

 92 5.223 6.0 + + + + + + - 

 93 3.250 4.8 + + + + - + - 

 94 6.310 6.5 + - - + + + - 

 95 6.371 6.2 - - - - - - - 

 96 8.177 7.9 - - - - - - - 

 97 6.210 6.1 + + + + + + - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

 98 5.210 5.8  + + - + - - 

 99 4.652 5.0 + + + + - - - 

 100 4.302 4.7 + + + - - - - 

 101 7.523 7.6 + - - - - + - 

 102 8.456 7.9 + + + + - + - 

 103 3.187 5.6 + + + + + + - 

 104 6.983 5.9 + + + - - - - 

 105 7.326 6.8 - - - - - - - 

 106 5.014 5.2 + + + - - - - 

 107 4.636 5.1 + + - + + - - 

 108 4.691 6.5 + + + - + + - 

 109 4.658 6.5 + + + - + + - 

 110 3.269 6.0 - - - - - - - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

  2.98 2.5 - - - - - - - 

  3.52 2.9 - - - - - - - 

  3.12 2.4 - - - - - - - 

  3.01 2.6 - - - - - - - 

  3.69 2.7 - - - - - - - 

  3.05 2.5 - - - - - - - 

  3.16 2.8 - - - - - - - 

  3.09 2.6 - - - - - - - 

 9 3.11 2.4 - - - - - - - 

 10 3.82 2.5 - - - - - - - 

 11 2.78 2.5 - - - - - - - 

 12 2.63 2.6 - - - - - - - 

 13 2.91 2.7 - - - - - - - 

 14 2.45 2.8 - - - - - - - 

 15 2.68 2.7 - - - - - - - 

 16 2.93 2.6 - - - - - - - 

 17 2.15 2.5 - - - - - - - 

 18 3.32 2.8 - - - - - - - 

 19 3.24 2.8 - - - - - - - 

 20 3.85 2.9 - - - - - - - 

 21 3.41 2.4 - - - - - - - 

 22 3.24 2.5 - - - - - - - 

 23 3.56 2.6 - - - - - - - 

 24 3.61 2.7 - - - - - - - 
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hexamitid flagellates  

  
  

hexamitid flagellates 

 
 

 
 

  
 

 25 3.53 2.8 - - - - - - - 

 26 3.31 2.7 - - - - - - - 

 27 3.3 2.7 - - - - - - - 

 28 3.25 2.6 - - - - - - - 

 29 3.26 2.6 - - - - - - - 

 30 3.3 2.6 - - - - - - - 

 31 3.69 2.9 - - - - - - - 

 32 3.52 2.8 - - - - - - - 

 33 3.63 2.7 - - - - - - - 

 34 3.2 2.4 - - - - - - - 

 35 3.52 2.4 - - - - - - - 

 36 3.29 2.5 - - - - - - - 

 37 3.24 2.3 - - - - - - - 

 38 3.12 2.6 - - - - - - - 

 39 3.14 2.6 - - - - - - - 

 40 3.19 2.9 - - - - - - - 

 41 3.22 2.8 - - - - - - - 

 42 3.29 2.4 - - - - - - - 

 43 3.58 2.7 - - - - - - - 

 44 3.48 2.5 - - - - - - - 

 45 3.42 2.6 - - - - - - - 

 46 3.4 2.5 - - - - - - - 

 47 3.47 2.6 - - - - - - - 

 48 3.61 2.7 - - - - - - - 
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hexamitid flagellates  
  

  
hexamitid flagellates 

 
 

 
 

  
 

 49 3.54 2.8 - - - - - - - 

 50 3.45 2.8 - - - - - - - 

 51 3.41 2.6 - - - - - - - 

 52 3.44 2.6 - - - - - - - 

 53 3.34 2.7 - - - - - - - 

 54 3.39 2.7 - - - - - - - 

 55 2.96 2.8 - - - - - - - 

 56 3.02 2.5 - - - - - - - 

 57 2.91 2.4 - - - - - - - 

 58 2.95 2.3 - - - - - - - 

 59 2.85 2.5 - - - - - - - 

 60 2.69 2.6 - - - - - - - 

 61 2.98 2.3 - - - - - - - 

 62 3.14 2.8 - - - - - - - 

 63 3.29 2.7 - - - - - - - 

 64 3.33 2.5 - - - - - - - 

 65 3.34 2.9 - - - - - - - 

 66 3.45 2.9 - - - - - - - 

 67 3.62 3.1 - - - - - - - 

 68 2.67 2.8 - - - - - - - 

 69 2.86 2.6 - - - - - - - 

 70 2.95 2.7 - - - - - - - 

 71 2.87 2.5 - - - - - - - 

 72 2.59 2.6 - - - - - - - 
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hexamitid flagellates  
  

  
hexamitid flagellates 

 
 

 
 

  
 

 73 2.63 2.5 - - - - - - - 

 74 2.88 2.3 - - - - - - - 

 75 2.78 2.9 - - - - - - - 

 76 3.54 3.2 - - - - - - - 

 77 3.21 2.9 - - - - - - - 

 78 2.69 2.8 - - - - - - - 

 79 2.84 2.8 - - - - - - - 

 80 2.86 2.5 - - - - - - - 

 81 2.87 2.7 - - - - - - - 

 82 3.29 2.6 - - - - - - - 

 83 3.05 2.5 - - - - - - - 

 84 3.13 2.3 - - - - - - - 

 85 3.26 2.9 - - - - - - - 

 86 3.24 2.8 - - - - - - - 

 87 3.68 2.7 - - - - - - - 

 88 3.11 2.4 - - - - - - - 

 89 3.32 2.6 - - - - - - - 

 90 3.31 2.6 - - - - - - - 

 91 3.36 3.3 - - - - - - - 

 92 3.15 3.2 - - - - - - - 

 93 3.29 2.5 - - - - - - - 

 94 3.31 2.6 - - - - - - - 

 95 3.05 2.7 - - - - - - - 

 96 3.09 2.6 - - - - - - - 
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hexamitid flagellates  
  

  
hexamitid flagellates 

 
 

 
 

  
 

 97 3.18 2.4 - - - - - - - 

 98 3.48 2.9 - - - - - - - 
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3 S. vortens  
No.  SEM 

Live parasite Diff quick 

Long 

(µm) 

Wide 

(µm)  

Long 

(µm) 

Wide 

(µm) 

Long 

(µm) 

Wide 

(µm) 

1 12 7 13 7 8.5 2.5 

2 10 7 15 6 10.5 3.0 

3 13 6 12 6 11.0 2.8 

4 10 5 13 7 12.0 3.0 

5 11 7 12 7 12.5 4.6 

6 13 8 14 8 10.0 3.0 

7 9 10 15 5 9.5 3.2 

8 10 3 14 7 10.0 2.8 

9 11 6 12 5 10.0 2.9 

10 12 6 15 6 11.0 2.7 

11 12 6 13 7 - - 

12 11 6 11 5 - - 

13 13 5 13 5 - - 

14 14 6 13 6 - - 

15 13 7 14 6 - - 

16 13 6 13 7 - - 

17 13 5 13 7 - - 

18 14 6 13 7 - - 

19 13 6 13 9 - - 

20 13 7 12 5 - - 

21 12 6 14 9 - - 

22 13 6 12 5 - - 

23 11 6 14 5 - - 
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3  S. vortens  
No

. 

 SEM 

Live parasite Diff quick stained 

Long 

(µm) 

Wide 

(µm) 

Long 

(µm) 

Wide 

(µm) 

Long 

(µm) 

Wide 

(µm) 

24 13 8 13 5 - - 

26 14 7 13 8 - - 

27 13 7 12 11 - - 

28 12 7 13 5 - - 

29 12 6 12 5 - - 

30 12 6 13 5 - - 

31 13 5 13 5 - - 

32 13 6 12 6 - - 

33 14 7 13 6 - - 

34 15 7 14 6 - - 

35 15 7 15 6 - - 

36 15 8 13 5 - - 

37 16 8 12 5 - - 

38 15 8 14 6 - - 

39 14 7 15 7 - - 

40 13 7 16 6 - - 

41 12 7 17 6 - - 

42 16 7 16 6 - - 

43 14 8 16 7 - - 

44 12 7 15 7 - - 

45 12 5 14 7 - - 

46 13 6 13 7 - - 

47 14 6 13 7 - - 
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3 S. vortens  
No

. 

 SEM 

Live parasite Diff quick 

Long 

(µm) 

Wide 

(µm) 

Long 

(µm) 

Wide 

(µm) 

Long 

(µm) 

Wide 

(µm) 

48 14 6 12 6 - - 

49 13 7 12 6 - - 

50 14 7 12 5 - - 
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4 S. vortens 

- 1 

 
 x 10   

pH5 pH6 pH7 pH8 pH9 pH10 

0 2.481±0.44 2.481±1.01 3.740±1.22 3.814±0.96 3.074±0.96 2.703±0.96 

1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

2 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

4 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

6 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

7 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

9 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 

1  
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 S. vortens 

-  
 x 10   

pH5 pH6 pH7 pH8 pH9 pH10 

0 1.851±0.60 2.518±0.98 1.925±0.43 2.296±1.39 2.370±1.12 2.148±0.81 

1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

2 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

4 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

6 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

7 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

9 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 

1  
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 S. vortens 

-  

 
1  
 
  

 x10  
pH5 pH6 pH7 pH8 pH9 pH10 

0 2.889±0.66 1.740±1.35 2.296±1.43 2.000±1.36 2.000±0.95 2.407±0.70 

1 0.00±0.00 7.296±1.58 13.851±2.01 16.841±8.32 33.962±7.26 2.000±0.78 

2 0.00±0.00 0.00±0.00 9.518±2.02 75.481±27.28 119.222±39.56 66.629±6.33 

3 0.00±0.00 0.00±0.00 0.00±0.00 246.592±30.82 84.814±4.82 20.667±8.50 

4 0.00±0.00 0.00±0.00 0.00±0.00 44.867±4.23 188.851±31.07 0.00±0.00 

5 0.00±0.00 0.00±0.00 0.00±0.00 47.733±6.32 54.185±3.72 0.00±0.00 

6 0.00±0.00 0.00±0.00 0.00±0.00 39.000±10.51 39.200±2.77 0.00±0.00 

7 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

9 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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 S. vortens 

-  

 
1  
 
  

 x10   

pH5 pH6 pH7 pH8 pH9 pH10 

0 1.407±0.49 1.925±0.82 1.814±1.23 1.481±1.23 2.592±0.96 2.148±0.95 

1 0.00±0.00 3.851±2.16 30.185±3.72 47.481±7.12 31.259±2.06 1.667±0.84 

2 0.00±0.00 0.00±0.00 61.925±17.86 416.518±34.52 414.296±46.05 9.467±0.93 

3 0.00±0.00 0.00±0.00 1196.407±371.95 482.259±46.06 356.259±57.83 0.00±0.00 

4 0.00±0.00 0.00±0.00 0.00±0.00 401.111±121.66 207.556±6.15 0.00±0.00 

5 0.00±0.00 0.00±0.00 0.00±0.00 45.370±6.11 51.703±7.62 0.00±0.00 

6 0.00±0.00 0.00±0.00 0.00±0.00 32.740±1.19 30.889±2.04 0.00±0.00 

7 0.00±0.00 0.00±0.00 0.00±0.00 18.148±1.48 0.00±0.00 0.00±0.00 

8 0.00±0.00 0.00±0.00 0.00±0.00 8.556±0.84 0.00±0.00 0.00±0.00 

9 0.00±0.00 0.00±0.00 0.00±0.00 4.703±0.97 0.00±0.00 0.00±0.00 

10 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 



115 

 

 S. vortens 

-  

 
1  
 

  

 x10  
pH5 pH6 pH7 pH8 pH9 pH10 

0 1.148±0.64 2.185±0.80 1.851±1.13 1.925±0.75 1.111±0.62 1.518±1.05 

1 0.00±0.00 0.00±0.00 8.703±4.74 9.185±3.94 31.889±3.14 3.733±0.92 

2 0.00±0.00 0.00±0.00 13.467±2.14 30.074±5.02 558.851±142.14 14.333±1.52 

3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

4 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

6 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

7 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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 9 LD50 14 Reed  

Muench (1938) 

Conc. Lny D n nDd nAl Per M 

1.25x106 14.03 30 26 4 86.67 

4.5x105 13.01 30 25 5 83.33 

1.12x105 11.62 30 23 17 76.67 

4.60x104 10.74 30 17 23 56.67 

1.20x104 9.39 30 11 19 36.67 

4.20x103 8.34 30 6 24 20 

1.10x103 7.00 30 4 26 13.33 

Control (PBS pH 7.4) 0 30 0 30 0 

 

conc.   =  concentration of S. vortens (cell/ml/fish) 

Iny D   =  Iny dose 

n   =  number of test fish per concentration 

nDd   =  number of dead fish 

nAI   =  number of living fish 

Per M   =  cumulative percentage mortality 
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LD50 14  

 

LD50      =  Iny concentration below 50 % mortality + (50  mortality below 50 % / 

mortality above 50 % - mortality below 50 %) x (Iny concentration above 50 

% - Iny concentration below 50 %) 

               =   9.39 + (50  36.67 / 56.67  36.67) x (10.74  9.39) 

   =   9.39+ (13/20) x (1.35) 

               =   9.39 + 0.918 

               =   10.308  

get anti 10.308  = 2.99x104 Cell/ml 

LD50      =  2.99x103 Cells  
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0

 (1st 27/7/53) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 -  
 

) 

 

( ) 

1     

2    

3    

4 1.10x103    

5    

6    

7 4.20x103    

8    

9    

10 1.20x104    

11    

12    

13 4.60x104    

14    

15    

16 1.12x105    

17    

18    

19 4.50x105    

20    

21    

22 1.25x106    

23    

24    
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0

(2nd 3/8/53)  

 

 -  

 

) 

 

( ) 

( ) 

1     6.7 

2    6.7 

3    6.6 

4 1.10x103    6.9 

5    6.9 

6    6.8 

7 4.20x103    6.9 

8    6.9 

9    6.9 

10 1.20x104    6.9 

11    6.9 

12    6.7 

13 4.60x104    6.7 

14    7.1 

15    7.1 

16 1.12x105    7.0 

17    6.9 

18    6.8 

19 4.20x105    6.8 

20    6.8 

21    6.9 

22 1.25x106    6.8 

23    6.8 

24    6.8 
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1 S. vortens 

 (1st 31/7/53 

   

) -  

 

( ) 

( ) 

 Control 7    

R1 7    

R2     

R3     

 Control     

R1     

R2     

R3     

 

Control     

R1     

R2     

R3     
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1 S. vortens 

 (2nd 3/8/53) 

   

) -  

 

( ) 

( ) 

 Control     

R1     

R2     

R3     

 Control     

R1     

R2     

R3     

 

Control     

R1     

R2     

R3     
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2 S. vortens  
 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

control R1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

R2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

R3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SD  0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 0±0 
1.10x103 R1 0 0 0 0 0 0 10 10 10 10 10 10 10 10 

R2 0 0 10 20 20 20 20 20 20 20 20 20 20 20 

R3 0 0 0 10 10 10 10 10 10 10 10 10 10 10 

SD  0±0 0±0 3.33±5.77 10±10 10±10 10±10 13.33±5.77 13.33±5.77 13.33±5.77 13.33±5.77 13.33±5.77 13.33±5.77 13.33±5.77 13.33±5.77 

4.20x103 R1 0 0 20 20 20 20 20 20 20 20 20 20 20 20 

R2 0 0 0 10 10 10 10 10 10 10 10 10 10 10 

R3 0 10 10 20 20 20 20 30 30 30 30 30 30 30 

SD  0±0 3.33±5.77 10±10 16.66±5.77 16.66±5.77 16.66±5.77 16.66±5.77 20±10 20±10 20±10 20±10 20±10 20±10 20±10 
1.20x104 R1 0 0 10 20 20 30 30 30 30 30 30 30 30 30 

R2 10 20 20 30 30 40 40 40 40 50 50 50 50 50 

R3 0 10 30 30 30 30 30 30 30 30 30 30 30 30 

SD  3.33±5.77 10±10 20±10 26.66±5.77 26.66±5.77 33.33±5.77 33.33±5.77 33.33±5.77 33.33±5.77 36.66±11.54 36.66±11.54 36.66±11.54 36.66±11.54 36.66±11.54 
4.50x104 R1 0 10 30 30 30 30 30 30 40 40 40 40 40 40 

R2 10 20 30 30 30 30 30 30 30 40 40 40 40 40 

R3 0 30 40 50 50 90 90 90 90 90 90 90 90 90 

SD  3.33±5.77 20±10 33.33±5.77 36.66±11.54 36.66±11.54 50±34.64 50±34.64 50±34.64 53.33±32.14 56.66±28.86 56.66±28.86 56.66±28.86 56.66±28.86 56.66±28.86 
1.12x105 R1 0 10 10 30 50 50 50 50 50 60 60 60 60 60 

R2 0 10 60 60 60 60 70 80 90 90 90 90 90 90 

R3 20 40 60 70 70 70 70 80 80 90 90 90 90 90 

SD  6.66±11.54 20±17.32 43.33±28.86 53.33±20.81 60±10 60±10 63.33±11.54 70±17.32 73.33±20.81 80±17.32 80±17.32 80±17.32 80±17.32 80±17.32 
4..50x105 R1 20 80 90 90 90 90 90 90 90 90 90 90 90 90 

R2 10 70 80 80 80 80 80 80 80 80 80 80 80 80 

R3 0 30 30 30 70 70 70 80 80 80 80 80 80 80 

SD  10±10 60±26.45 66.66±32.14 66.66±10 80±10 80±10 80±5.77 83.33±5.77 83.33±5.77 83.33±5.77 83.33±5.77 83.33±5.77 83.33±5.77 83.33±5.77 
1.25x106 R1 10 80 90 90 90 90 90 90 90 90 90 90 90 90 

R2 20 70 70 80 90 90 90 90 90 90 90 90 90 90 

R3 20 80 80 80 80 80 80 80 80 80 80 80 80 80 

SD  16.66±5.77 76.66±5.77 80±10 83.33±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 86.66±5.77 
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13 S. vortens  1 

 

 
1  
 
  

Time 

(hour) 

Dimetridazole (µg/ml)(x10  cells/ml) 

0 0.25 0.50 1.00 2.00 4.00 6.00 8.00 10.00 

0 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 
24 239.667±42.36 191.667±51.39 56.00±7.54 26.667±12.66 6.667±0.57 6.333±6.80 4.833±1.75 2.833±0.76 2.667±1.15 

48 853.333±148.89 548.00±131.65 426.667±32.39 15.333±3.05 7.333±3.05 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

72 634.00±34.00 514.00±71.86 409.667±105.87 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

96 252.667±15.69 282±28.35 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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14 S. vortens 1 

  

 
1  
  

Time 

(hour) 

metronidazole (µg/ml)(10  cells/ml) 

0 0.25 0.50 1.00 2.00 4.00 6.00 8.00 10.00 

0 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 

24 239.667±42.36 596.667±99.72 619.00±97.55 477.667±36.69 49.00±16.37 13.333±4.93 7.00±3.46 3.667±0.57 2.333±0.57 

48 853.333±148.89 740.667±203.31 707.333±33.60 575.333±41.00 49.333±28.86 6.667±3.05 0.00±0.00 0.00±0.00 0.00±0.00 

72 634.00±34.00 526.00±42.56 557.333±21.38 465.333±82.71 25.333±23.18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

96 252.667±15.69 286.667±11.93 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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15 S. vortens  1 

 

 
1  
 

Time (hour) Magnesium sulphate (mg/ml)(x10  cells/ml) 

0 2.5 5.0 10 20 40 60 80 100 

0 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 25.18±0.98 
24 239.667±42.36 1360.00±89.28 1340.667±10.81 814.00±170.27 612.00±130.96 648.667±102.65 659.333±182.78 820.00±50.71 700.667±61.84 

48 853.333±148.89 1044.667±89.67 1000.776±51.58 782.667±55.07 758.00±78.30 965.333±36.29 996.00±74.08 888.667±82.71 870.00±155.85 

72 634.00±34.00 600.667±245.29 111.333±33.24 480.00±233.61 354±244.63 632.00±131.63 0.00±0.00 0.00±0.00 0.00±0.00 

96 252.667±15.69 345±127.36 198±46.89 153.667±24.78 226.67±69.51 242.33±4.61 0.00±0.00 0.00±0.00 0.00±0.00 
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6  
S. vortens  

 
 

(µg/ml  
S. vortens  

0 1 2  5 7 9 
0 100 100 100 100 100 100 100 

0.25 100 100 100 100 100 100 100 
0.50 100 100 90 50 0 0 0 
1.0 100 100 0 0 0 0 0 
2.0 100 80 0 0 0 0 0 
4.0 100 0 0 0 20* 20* 0 
6.0 100 0 0 0 0 0 0 

 
*  S. vortens 1-2  
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