
 
 
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 

 
 
 
 
 

HISTOPATHOLOGY AND HEMATOLOGY OF EPIZOOTIC 
ULCERATIVE SYNDROME (EUS)-POSITIVE SNAKEHEAD 

(OPHICEPHALUS STRIATUS) 
 
 
 
 
 

ERLINDA C. LACIERDA 
 
 
 
 
 
 

FPSS 1995 9  



HISTOPATHOLOGY AND HEMATOLOGY OF EPIZOOTIC 
ULCERATIVE SYNDROME (ruS ) -POSITIVE SNAKEHEAD 

( OPHICEPHALUS STRIATUS) 

By 

ERLINDA C .  LACIERDA 

D i ssertation Submitted in Ful f i l lment of the 
Requi rements for the Degree of Doctor of Phi losophy 

in the Faculty of Fisheries and Marine Science, 
Universiti Pertanian Malaysi a  

July 1995 



ACKNOWLEDGEMENTS 

My s incerest gratitude are extended to the 
fol lowing: 

- Prof . Mohamed Shar i f f ,  my committee chairman , 
for his unselfish support , continuing guidance , 
interest , and enthusiasm throughout the comp letion of 
this programme ; 

- International Development Research Centre ( IDRC ) 
of Canada for the financial support under the Fish 
Microbiology Project 3-P-88- 1053-02 ; 

SEAFDEC/AQD for g1. v1.ng me the opportunity to 
pursue graduate studies and financial support ; 

- Dr . James Ri chard Arthur , then IDRC Project 
Coordinator , for awarding me this research project ; 

Prof . Law Ah Theem , Dr . Noor Azhar Mohd . 
Shaz i I i  I and Dr . Hassan Mohd. Daud , members of my 
supervisory committee , for their valuable suggestions 
and going through the manuscript ; 

- The Staff of Fish Health Section and Binangonan 
Freshwater Substation for the i r  technical assistance 
during the conduct of this study; 

- Mr . O . K . Ho of the Electron Microscopy Unit and 
Prof . Tengku Azmi B .  T . Ibrahim, Dean of Faculty of 
Veterinary Medicine and Animal Science , UPM for the 
technical expertise on transmission electron microscopy 
and use of their faci l ities ; 

- Dr . Juan D .  Albaladej 0 for teaching me the 
rudiments of TEM process ing ; 

ii  



Larni Angel i  Espada for ass istance in 
statisti cal analyses , Mi la Castafios for editorial 
ass istance , R .  E l i son and E .  Ledesma for doing the 
f i gures , R .  Buendi a ,  Yusaini , and Dr . Gerald F .  
Quinitio for helping me with the black and white 
pi ctures , and Mi lagros Pane r ,  Gregor ia Erazo and the 
Staff of Microtechnique Laboratory , SEAFDEC/AQD for 
thei r  technical ass istance ; 

- A l l  my friends and col leagues from SEAFDEC/AQD , 
UPM, the f i rst batch of Trop i cal F ish Health Program, 
Mr. and Mrs . Paul L .  Manalo and fami ly,  Dr . James L .  
Torres , Adrian and Zonie Vidj iarungam, Gopinath 
Nagaraj , Ron and Vi cky Cheong , and the F i l ipino 
community in Serdang for the i r  support , encouragement , 
concern ,  and j oyous company; 

- My fami ly and most especial ly my husband , Rod , 
for the i r  love , understanding , moral and spiritual 
support , faith,  and concern . 

i i i  



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS i i  

LIST OF TABLES vi i 

LIST OF FIGURES vi i i  

LIST OF PLATES x i  

LIST OF ABBREVIATIONS xix 

LIST OF FISH SPECIES xx i 

ABSTRACT 

ABSTRAK 

CHAPTER 

I 

I I  

xx iv 

xxvi i 

GENERAL INTRODUCTION 1 

REVIEW OF LITERATURE 7 

Hi stor ical Review of EUS and Re lated 
Epizoot i cs 8 

EUS in Southeast As ia and the 
Indo-Pac i f i c  8 

Mycotic Granulomatosis in Japan 1 4  

Red Spot Di sease in Australia . 1 4  

Ulcerative Mycosis in Southeast 

United States 1 5  

Socio-Economic Impact of EUS 1 6  

Pathogens Associated with EUS and 
Re lated Epizootics 1 8  

Viruses 1 9  

Bacteria 2 1  

iv 



I I I  

IV 

Fungi 2 3  

Paras ites 2 5  

Envi ronmental Factors Assoc iated with 
EUS and Related Epi zooti cs 2 7  

Histopathological Studies on EUS and 
Rel ated Epizootics 3 0  

Hematolog i ca l  Studies on EUS and 
Related Epi zooti cs 3 2  

Studies on Natural I nduction o f  EUS 33 

Research Prob l ems 3 3  

LIGHT AND ELECTRON MICROSCOPY OF EUS
POSITIVE SNAKEHEAD 34 

Materials and Methods 3 5  

Study Areas 35 

Col lection and Transport of 
Spec imens . 3 7  

Gross Examinati on 39 

Light Mi croscopy 39 

Transmission E lectron Microscopy 4 1  

Resul ts 4 1  

Occurrence o f  EUS 4 1  

Gross Les ions 4 2  

Histopathology of EUS-positive 
Snakehead 5 3  

Di scussion 8 0  

HEMATOLOGICAL CHANGES I N  EUS-POSITlVE 
SNAKEHEAD 

Materials and Methods 

Study Areas 

Hematolog i cal Parameters . 

Statistical Anal yses 

v 

8 7  

8 8  

8 8  

8 8  

90 



v 

VI 

VI I 

Resul ts 

Gross Les ions 

Hematolog ical Parameters . 

Discussion 

EXPERIMENTAL TRANSMISSION OF EUS IN 
SNAKEBEAD 

Material s and Methods 

Experimental F ish 

Transmiss ion Experiments . 

Gross Examinat ion 

Resul ts 

C l in i cal S i gns . 

Gross Pathology 

Di scussion 

LIGHT MICROSCOPY, ULTRASTRUCTURE, AND 
HEMATOLOGY OF SNAKEHEAD FROM EUS
TRANSMISSION EXPERIMENTS 

9 1  

9 1  

9 2  

1 0 1  

1 1 1  

1 1 2  

1 1 2  

1 1 3  

1 17 

1 1 8  

1 18 

1 2 4  

1 3 0  

1 3 4  

Materials and Methods 1 3 5  

Col lection o f  Samples 1 3 5  

Light Microscopy 1 3 5  

Transmi ss ion E lectron Microscopy 1 3 6  

Hematological Examination 1 3 6  

Resul ts 137 

Hi stology . 1 37 

Hematology 1 6 9  

Discussion 180 

GENERAL DISCUSSION AND CONCLUSION 

BIBLIOGRAPHY 

1 8 6  

1 9 8  

2 1 4  BIOGRAPHICAL SKETCH . 

vi 



Table 

1 

2 

3 

4 

5 

6 

7 

L I ST OF TABLES 

Number of EUS Lesi ons on the Body 
Surface of Snakehead Used for Hi sto
patholog i cal Examination 

D istribution of EUS Lesions on the 
Body Surface of Snakehead Used for 
Histopatholog i cal Examination . 

Number of EUS Lesions on the Body 
Surface of Snakehead Used for 
Hematologi cal Examination 

D istribution of EUS Les ions on the 
Body Surface of Snakehead Used for 
Hematologi cal Examination 

D i fferential Leucocyte Counts of 
Normal , Apparent ly Normal , and EUS 
positive Snakehead from Natural 
Population 

D i fferential Leucocyte Counts of 
Control ,  Apparently Normal , and EUS
posi tive Snakehead from Transmission 
Experiments without Addi tional Food . 

Differential Leucocyte Counts of 
Control ,  Apparently Normal , and EUS 
posi t ive Snakehead from Transmission 
Exper iments with Additional Food 

vi i 

Page 

5 0  

5 1  

9 1  

92 

1 0 0  

1 7 8  

179 



L I ST OF F I GURES 

F i gure Page 

1 Countr ies in As ia and the Indo-Pac i f i c  
Affected by EUS 3 

2 Provinces in Luzon I s l and , Phi l ipp ines 
Affected by EUS 4 

3 Countri es in As ia and the Indo-Pac i f i c  
Affected by Ul cerative Diseases ( Dates 
Indi cate F irst Conf i rmed Reports ) 9 

4 Map of the Phi l ippines Indicating S ite 
of Sampl ing and Experimental Work : 
( 1 )  Laguna de Bay; ( 2 )  Pangas inan ; and 
( 3 )  Oton , I lo i lo where Snakehead with 
and without EUS Les ions were 
Col lected . The Samples were Brought 
to ( 4 )  the Binafigonan Freshwater 
Station of SEAFDEC/AQDi ( 5 )  BFAR , 
Quezon City ;  and ( 6 )  the T i gbauan Main 
Station of SEAFDEC/AQD for Examination 3 6  

5 Body Subdivis ion of the Snakehead Used 

6 

7 

8 

9 

for Recording EUS Les ions 40 

Prevalence of 
EUS Les ions in 
1 9 9 0  to 1 9 9 3  

D i f ferent Stages of 
the Phi l ipp ines from 

Histograms Showing Hematocrit ( % )  of 
Normal , Apparently Normal , and 
Di ffe rent Stages of EUS in Snakehead . 

Histograms Showing Hemoglobin ( g/ 1 00g ) 
of Normal , Apparently Normal , and 
D i f ferent Stages of EUS in Snakehead . 

Histograms Showing Mean Corpuscular 
Hemogl obin Concentration ( MCHC , % )  of 
Normal , Apparently Normal , and 
D i f ferent Stages of EUS in Snakehead . 

vi i i  

5 2  

9 3  

9 5  

9 7  



10 Histograms Showing Total Plasma 
Protein ( g/ 100g) of Normal , Apparently 
Normal , and D i f ferent Stages of EUS in 
Snakehead . 9 8  

11 Diagram of Transmi ssion Experiment to 
Unfed Snakehead 114 

12 Diagram of Transmi ssion Experiment to 
Fed Snakehead 116 

13 Water Temperature in Transmiss ion of 
EUS to Unfed Snakehead by ( a) Co
habi tati on with EUS-positive F i sh in 
EUS-endemic Envi ronment and ( b) Exposure 
to EUS-endemic Environment Alone . 119 

14 Transmiss ion Rates ( % )  of EUS to Unfed 
Snakehead by ( a) Cohab itation with 
EUS-pos itive F i sh in EUS-endemi c 
Environment and ( b) Exposure to EUS -
endemic Env i ronment Alone 120 

15 Water Temperature in Transmission of 
EUS to Fed Snakehead by ( a) Cohabi 
tation with EUS-positive F i sh in EUS 
endemic Environment and ( b) Exposure 
to EUS-endemic Envi ronment Alone 122 

16 Transmission Rates ( % )  of EUS to Fed 
Snakehead by ( a) Cohabitation with 
EUS-positive Fish in EUS-endemic 
Envi ronment and ( b) Expsoure to EUS-
endemic Envi ronment Alone 12 3 

17 Number of Les ions in Transmissi on of 
EUS to ( a) Unfed and ( b) Fed Snakehead 128 

18 

19 

D istribution of Les i ons on the Body 
Surface o f  ( a) Unfed and ( b )  Fed 
Snakehead from EUS Transmission 
Experiments 

Mean Hematocrit ( % )  of Control , 
Apparently Normal , and D i fferent 
Stages of EUS from T ransmission of EUS 
to ( a) Unfed and ( b) Fed Snakehead by 
Cohab itation with EUS-posi t ive F i sh 
and Exposure to EUS- endemic Environment 

ix 

129 

171 



2 0  Mean Hemoglobin ( g/ 100g ) o f  Control , 
Apparently Norma l , and D i fferent 
Stages of EUS from T ransmissi on of EUS 
to ( a )  Unfed and ( b )  Fed Snakehead by 
Cohabitation with EUS-pos itive F ish 
and Exposure to EUS- endemic Envi ronment 1 7 2  

2 1  Mean Corpuscular Hemoglobin Concentration 
( MCHC , % )  of Control ,  Apparently Normal , 
and Different Stages of EUS from 
T ransmiss ion of EUS to ( a )  Unfed and 
( b )  Fed Snakehead by Cohab itation with 
EUS-positive Fish and Exposure to EUS-
endemic Environment 1 7 4  

2 2  Mean P lasma Protein ( g/ 1 0 0g )  of Contro l , 
Apparently Normal , and D i f ferent Stages 
of EUS from Transmission of EUS to ( a )  
Unfed and ( b )  Fed Snakehead by Co
habi tation with EUS-positive F i sh and 
Exposure to EUS-endemic Environment 1 7 6  

x 



P late 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

L I ST OF PLATES 

Snakehead with Typ i cal Advanced 
EUS Les i ons 

Snakehead with Stage 1 EUS Les ion : 
Flat ,  Hemorrhagic Areas with S cale 
Loss and S k in Eros ion 

Snakehead with Stage 1 EUS Lesion : 
Rai sed Hemorrhagi c  Areas with Scale 
Loss and Skin Erosion 

Snakehead with Stage 2 EUS Les ion : 
Eroded Skin and Exposed Underlying 
Musculature 

Snakehead with Stage 3 EUS Les ion : 
Edematous Necroti c  Mus culature 

Snakehead with Stage 3 EUS Lesion : 
Exposed Visceral Organs 

Snakehead with Stage 3 EUS Lesion : 
Exposed Vertebral Column . 

Snakehead with Stage 3 EUS Les ion : 
Severe Erosion of the Head 

Snakehead with Stage 3 EUS Les ion : 
Erosion of the Caudal Peduncle 

Snakehead with Heal ing Les ion : 
Ul cers with Blackened Margins . 

S tage 1 EUS Les ion : Hyperplast i c ,  
Spongiotic and Necrotic Dermatiti s . 
Hypodermi s and Muscle Fibers are 
Normal 

Stage 1 EUS Lesion : Electron Micro
graph I l lustrating the Break-up of 
Cel l  in the Dermal Layer . 

xi 

Page 

1 

4 3  

4 3  

4 4  

45 

4 6  

4 6  

4 7  

4 7  

4 8  

5 4  

5 4  



1 3  

14 

15 

1 6  

1 7  

18 

19 

2 0  

2 1  

22 

2 3  

24 

Stage 1 EUS Les ion : E lectron Micro
graph of Macrophage with Various 
S i zes and Shapes of Vacuoles 

S tage 1 EUS Les ion : E l ectron Micro
graph of Mycotic Granulomatous 
Necrotic Skin 

Stage 1 EUS Les ion : E lectron Mi cro
graph of Fungal Hypha within a 
Granulomatous Skin . Membrane-bound 
Globules are Lysozomes 

Stage I EUS Lesion : 
graph of Necroti c  
Several Rod-Shaped 
Fungal Hyphae 

Electron Micro
Skin Showing 
Bacteria and 

Stage 1 EUS Les ion : E lectron Micro
graph of a Blood Vessel with a Fungal 
Hypha in the Lumen 

Stage 1 EUS Les ion : Higher Magn i f i ca
tion of Plate 17 Showing the Aseptate 
Fungal Hypha in the Lumen of a Blood 
Vessel 

Stage 2 EUS Les ion : Hyperplast i c ,  
Necroti c ,  Granulomatous Dermatitis . 
Muscle Fibers are Fragmented 

Stage 2 EUS Les ion : E lectron Micro
graph of a Macrophage with an Engul fed 
Fungal Material 

Stage 2 EUS Les ion : E lectron Mi cro
graph of Cel l s  with Prominent Endo
plasmic Reti culum and Mitochondria . 

Stage 2 EUS Les ion :  Higher Magn i f i ca
tion of P late 2 1  I l lustrating Mito
chondria with Tubular Cristae . 

Stage 2 EUS Les ion : Electron Mi cro
graph of Necroti c  Muscle Fibers 
I l lustrating Numerous Mitochondria 
and Fungal Hyphae 

S tage 2 EUS Les ion : Higher Magn i f i ca
tion of P late 23 I l lustrating Mito
chondria with Cross-Sect ioned and 
Longi tudinal ly Sectioned Tubul ar 
Cristae 

xii 

5 5  

5 5  

5 6  

5 6  

5 7  

5 7  

5 8  

5 9  

5 9  

6 0  

6 0  

6 1  



25 Stage 2 EUS Les ion : Electron Micro
graph of Necrot ic Muscle Layer Showing 
Fragmentation and Loss of Striat ions 
of Muscle F ibers 6 1  

26 S tage 3 EUS Les ion : Severe , Multi focal , 
Necroti c ,  Granulomatous Dermatitis and 
Myos itis 6 2  

27 Stage 3 E llS Les ion : Deta i l s  of Plate 
26 . Caseo-Necroti c  Granulomatous 
Muscle F ibers Surrounded by Fibroti c  
T i ssue 6 3  

28 Stage 3 E llS Les ion : E l ectron Micro
graph of an Eos inophi l i c  Granul ar 
Cel l . 6 3  

29 Stage 3 E llS Les ion : Spongiotic and 
Granulomatous Dermati t i s  . 6 4  

30 Stage 3 EUS Les ion : Numerous Aseptate 
Fungal Hyphae Surrounded by Granulomas 
in Dermi s and Muscle F ibers 6 4  

3 1  Stage 3 E llS Les ion : E l ectron Mi cro-
graph of Necrotic S ke letal Muscle 6 5  

3 2  Stage 3 E llS Les ion : Higher Magn i f i ca
tion of P late 31 Showing Numerous 
Aseptate Fungal Hyphae Between Necro-
tic Muscle F ibers 6 5  

3 3  Stage 3 E llS Les ion : E lectron Micro
graph of Necroti c  Muscle Showing 
Numerous Bacterial Cel ls . . 66 

34 Heal ing Les ion : Hyperplast i c ,  Granu
lomatous Dermatitis with Numerous 

Melanin Pigments 6 7  

3 5  Heal ing Les ion : Hyperp lasti c  Dermi s 
with Numerous Melanin Pigments 6 8  

3 6  Heal ing Les ion : El ectron Micrograph 
of Macrophages with Extens ive 
Pseudopods 6 8  

3 7  Heal ing Les ion : Electron Micrograph 
of F ibroblast T i ssue Surrounded by 
Co l l agen Fibers 6 9  

3 8  Healing Les ion : Higher Magn i f i cation 
of Plate 3 7  Showing F ibrob last Ce l l  6 9  

x i i i  



39 Stage 1 EUS Les ion : Epithel ial L ifting 
of Gil l Lame l lae 7 0  

40 Stage 1 EUS Les ion : Mul t ifocal Inters-
t itial Granulomas in Poster ior Kidney 7 1  

41  Gil ls of Stage 3 EUS Les ion : Severe 
Epithel ial L ifting 7 2  

4 2  Gil ls o f  Stage 3 EUS Les ion : Hyper
trophy of Epithe l ial Cel l s  and Hyper
plasia of Basement Membrane with Fus ion 
of Adj oining Lamel lae 7 3  

43 Stage 3 EUS Lesion : Mul t ifocal Granulo-
mas in the Sp leen of Snakehead 7 5  

44 Stage 3 EUS Lesion : Necrotic Core of 
Granuloma in the Spleen with Gram-
Negative Bacterial Colonies 7 5  

4 5  Kidney o f  Snakehead with S tage 3 EUS 
Les ion : Severe , Mul t ifocal Granulomas 
and Vacuolation of Renal Tubules 76 

4 6  Kidney o f  Snakehead with Stage 3 EUS 
Les ion : Gram-Negative Bacterial 
Colonies in the Granulomatous Tissue 7 6  

4 7  Posterior Kidney o f  Snakehead with 
Stage 3 EUS Les ion : Severe Vacuolat ion 
of Renal Tubules 7 7  

48 Kidney of Snakehead with Stage 3 EUS 
Les ion : Thickening of the Basement 
Membrane of Cel l s  in the Glomerulus 7 7  

4 9  L iver of Snakehead with Stage 2 EUS 
Lesi on: Mult ifocal, Necrot i c  Hepato-
cytes 7 8  

50 L iver of Snakehead w ith S tage 3 EUS 
Les ion : Focal Granuloma with Necrotic 
Eosinophil ic Center . 7 8  

5 1  S tomach o f  Snakehead with Stage 3 EUS 
Les ion : Focal Granuloma in the Sub
mucosal Layer 

5 2  Higher Magnif ication o f  P l ate 5 1  
Showing the Granuloma Encased by 
F ibrous Tissue 

xiv 

79 

7 9  



53 

54 

The Concrete Tanks with Net Cages 
Used in EUS Transmission Experiments 

Snakehead with Stage 1 EUS Les ion : 
Flat ,  Hemorrhagic Area with Scale 
Loss and Superf icial Skin Eros ion 

55 Snakehead with Stage 2 EUS Les ion : 

56  

Eroded Skin and Surface Muscul ar 
Layer 

Snakehead with Stage 3 EUS 
Large , Open , Edematous , 
Musculature 

Les ion : 
Necrot ic 

5 7  Control Snakehead : Longitudinal 
Section of Skin Showing Epidermis and 

1 1 4  

1 2 5  

1 2 6  

1 2 6  

Dermis 1 3 7  

58 Control Snakehead : Dermal and Muscular 
Layers 1 3 8  

5 9  Stage 1 Les ion : Hyperplastic,  Necrotic 
Dermatitis . Hypodermis and Muscle are 
Normal 1 4 0  

6 0  Stage 1 Lesion : E lectron Micrograph 
of a Blood Vessel Congested with 
Erythrocytes and Leucocytes 1 4 1  

6 1  Stage 1 Lesion : Electron Micrograph 
of Macrophages with Engul fed Fungal 
Material 1 4 1  

6 2  Stage 1 Lesion : E lectron Micrograph 
of a Lymphocyte with an Engul fed 
Aseptate Fungus 1 42 

63 Stage 1 Lesion: Granulomatous Derma-

titis . Muscle F ibers are Normal 1 4 2  

6 4  Stage 1 Lesion : Fungal Hyphae Sur
rounded by Granulomas in Epidermal 
Layer 1 4 3  

6 5  Stage 1 Les ion : Electron Micrograph 
I l lustrating Aseptate Fungal Hyphae 
within a Granulomatous S k in T issue . 1 4 3  

6 6  Stage 1 Les ion : E lectron Micrograph 
Showing Aseptate Fungal Hypha within 
a Necrotic , Granulomatous S kin T issue 1 4 4  

xv 



6 7  Stage 1 Lesion : Electron Micrograph 
of an Old Fungal Hypha within a 
Necrotic S k in T issue . Moderate 
Amount of Bacteri a  are also Present 1 44 

68 Stage 1 Les ion : Cross- section of a New 
Fungal Hypha Showing a Nucleus and 
Peripheral Cytoplasm with Several Wal l 
Vesi cles 1 45 

6 9  Stage 1 Lesion : Electron Micrograph 
I l lustrating Fungal Hyphae in Between 
Normal Muscle Bands . 1 4 5  

70 Stage 2 Lesi on :  Hyperp l ast i c ,  Necroti c  
Granulomatous Dermati t i s  and Myosi t i s  1 4 6  

71 Stage 2 Les ion : Several Fungal Hyphae 
Surrounded by Granulomas in Dermal 
Layer . Necroti c  Muscle F ibers with 
Few Fungal Hyphae 1 4 7  

72 Stage 2 Lesi on : E lectron Micrograph 
I l lustrating Long , Aseptate , Thick
wal led Fungal Hypha within Granulo-
matous T i s sue 1 4 7  

73 Stage 2 Les ion : E lectron Micrograph 
Showing a Fungal Hypha Containing 
Mitochondria with Tubul ar Cristae 
within a Necroti c  T issue . 1 4 8  

74 Stage 2 Les ion : Necrotic ,  Granulomatous 
Dermati t i s  and Fragmentation of Muscle 
Fibers 1 4 8  

75 Stage 3 Les i on : Severe , Diffuse ,  Necro
t i z ing Mycoti c  Granulomatous Der mati t i s  
and Myosi t i s  1 4 9  

76 S tage 3 Les ion : Numerous Fungal Hyphae 
Surrounded by Granulomas in Derma l  and 
Muscular Layers 1 5 0  

77 Stage 3 Les ion : E lectron Micrograph 
of Necroti c  Muscle Fibers Completely 
Replaced by Fungus 1 5 0  

78 S tage 3 Les ion : Electron Micrograph 
of Fungal Hypha in Necroti c  T issue 
I l lustrat ing the Characteristic 
Tubul ar Mitochondrial Cristae . 1 5 1  

xvi 



7 9  Stage 3 Les ion : Higher Magnif ication 
of P l ate 7 8  I l lustrating the Mito-
chondrial Tubular Cristae 1 5 1  

8 0  Stage 3 Les ion : Hyperplasti c ,  Necroti c  
Mycotic Granulomas in the Dermal Layer 1 5 2  

8 1  Stage 3 Les ion : Congestion of Blood 
Vessels 1 5 2  

8 2  Stage 3 Les ion : E lectron Micrograph 
Showing a Blood Vessel Densely Packed 
with Erythrocytes 1 5 3  

8 3  S tage 1 Les ion : S l ight Epithel ial 
L i fting of G i l l  Lame l lae 

84 Stage 1 Les ion : Multifocal Mycotic 
Granulomas in Submucosal Layer of 

1 5 5  

Stomach 1 5 5  

8 5  Stage 1 Les ion : Flage l l ated Protozoans 
in the Lumen of Stomach 1 5 6  

8 6  Stage 1 Les ion : Mycot i c  Granuloma in 
the Spleen 1 5 6  

8 7  Stage 1 Les ion : Granulomas i n  the 
Spleen Contain Bacterial Colonies 
and Inflammatory Ce l l s 1 5 7  

8 8  Stage 1 Lesion : Mul t ifocal Mycoti c  
Granulomas i n  the Anterior Kidney 1 5 7  

8 9  Stage 2 Lesion : Severe Hyperplas ia of 
Adj oining Lamel lae 1 59 

9 0  Stage 2 Les ion : Scyphi di a- l i ke Attached 
to a Hyperplasti c  Gill Lamella 159 

9 1  Stage 2 Les ion : Granuloma in the L iver 
Surrounded by Thick F ibroti c  T i ssue . 
The Necrotic Core of Granuloma Contain 
Bacterial Colonies 1 60 

92 Stage 2 Lesion : Multifocal Mycotic 
Granulomas in the Submucosal Layer 
of Stomach 1 6 0  

9 3  Stage 2 Les ion : Severe , Multi focal 
Necrotic Granulomatous Splenitis . 
The Necrotic Core of Granulomas 
Contain Bacterial Colonies and 
Inflammatory Cel l s  1 6 1  

xvii 



9 4  Stage 2 Les ion : Severe, Multifocal 
Necroti c  Interstitial Granulomas in 
Anterior Kidney . The Necroti c  Core 
of Granulomas Contain Bacterial 
Colonies 1 6 1  

9 5  S tage 2 Les ion : Interstitial Granulo
mas Surrounded by Thick Fibrous Tissue 
in Poster ior Kidney . 1 6 2  

9 6  Stage 2 Les ion : Severe Vacuol ation of 
Renal Tubules 1 6 2  

9 7  Stage 3 Les ion : Extens ive Hyperplasia 
of Gi l l  Lame l lae Resulting to Fus ion 
of Enti re Gi l l  F i l aments 1 6 4  

9 8  Stage 3 Les ion : Focal Area o f  Necros i s  
i n  the L iver . Bottom Part Appears 
Normal 1 64 

9 9  Stage 3 Les ion : D i l ation of S inusoids 
in the L iver 1 6 5  

1 0 0  S tage 3 Lesion : Mul t i focal Mycotic 
Granulomas in Muscularis and Submuco-
sal Layers of the Stomach 1 6 5  

1 0 1  Stage 3 Les ion : Mycot i c  Granulomas in 
the Spleen 1 6 6  

1 0 2  Stage 3 Les ion : Severe, Mu1ti focal 
Necrotic Granulomatous Spleniti s . The 
Necroti c  Core of Granulomas Contain 
Bacterial Colonies and Inflammatory 
Cel ls 1 6 6  

1 0 3  Stage 3 Lesi on : Severe, Multi focal 
Necrot i c  Granulomas in Poster ior 
Kidney . The Necroti c  Core of 
Granulomas Contain Bacterial Colonies 1 6 7  

1 0 4  Stage 3 Les ion : Severe Atrophy of 
Renal Tubules 1 6 7  

1 0 5  Stage 3 Lesion : Numerous Fungal Hyphae 
in the Connective T i ssue of the Ovary 1 68 

xvi i i  



ADB 

ANOVA 

B & B 

BF- 2 

BFAR 

BFS 

CFU 

EPC 

EUS 

G 

GMS 

HCl 

H & E 

IDRC 

LSD 

MCHC 

MG 

MS 222 

NACA 

L IST OF ABBREVI AT I ONS 

As ian Development Bank 

Analys i s  of Vari ance 

Brown and Brenn ' s  Gram S tain 

Bluegi l l  Fry 

Bureau of F i sheries and Aquati c  
Resources 

Binafigonan Freshwater Substation 

Colony Forming Unit 

Epithe l ioma Papulosum Cyprini 

Epizooti c  Ul cerative Syndrome 

Giemsa Stain 

Gomori Methenamine S i lver S tain 

Hydrochlor i c  Acid 

Hematoxyl in and Eos in Stain 

International Development Research 
Centre of Canada 

Least S i gni f icant D i fference 

Mean Corpuscul ar 
Concentration 

Mycotic Granulomatos i s  

Tri caine Methanesul fonate 

Hemogl obin 

Network of Aquaculture Centres in 
Asi a  and the Pac i f i c  

xix 



ODA 

PAS 

RSD 

SEAFDEC/AQD 

SGV 

SHRV 

S HV  

TMS 

UDRV 

UM 

ZN 

Overseas Development Administration 

Period i c  ac id-S chi f f  Stain 

Red Spot Disease 

Aquaculture Department of Southeast 
As i an Fi sheries Development Center 

Sand Goby V i rus 

Snakehead Rhabdovi rus 

Snakehead F i sh Virus 

T igbauan Main Station 

Ulcerative Disease Rhabdovi rus 

Ulcerative Mycos i s  

Z i ehl Nee lsen Aci d  Fast Stain 

xx 



CODIDlOD Name 

Afri can Catfish 

American Eel 

Atlanti c  Croaker 

Atlanti c  Menhaden 

Atlanti c  Salmon 

Ayu 

Barramundi 

B ighead Carp 

Black F i sh 

B lueg i l l  

Brook Trout 

Brown Trout 

Burnett Salmon . 

Cat f i sh 

Channe l  Catfish 

Chinook Sal mon 

C l imb ing Perch 

Coho Sal mon 

Common Carp 

Croaker 

Cruci an Carp 

LIST OF FISH SPECIES 

Scientific Name 

xx i 

Cl ari as gari epinus 

Angui l la rostrata 

Mi cropogonias undulatus 

Brevoortia tyrannus 

Salmo sal ar 

Pl ecoglossus al ti vel i s  

La tes cal carifer 

Aristi chthys nobi l i s  

Pla tycephal us fuscus 

Lepomis macrochirus 

Sal vinel us fon tina l i s  

Salmo trutta 

Polydactyl us sheridani 

Clarias macrocephal us 

Ictal urus punctatus 

Oncorhynchus tsha�tscha 

Anabas testudineus 

Oncorhynchus kisutch 

Cyprinus carpio 

Johni us sp . 

Carassi us carassi us 



Common Name 

Eel 

European Eel 

F l at F i sh 

Flat-tai l ed Mul let 

Formosan Snakehead 

Freshwater Eel 

Freshwater Prawn 

Goat F ish 

Goby 

Goldf i sh 

Gouramy 

Gudgeons 

Ind i an Catfish 

Japanese Eel 

Japanese Trident Goby 

Java Carp 

Largemouth Bass 

Manila Sea Catfish 

Mekong Catfish 

Mi l kf i sh 

Mul let 

N i l e  Ti l apia 

Perch 

P i ke 

P infi sh 

xxi i  

Scientific Name 

Angui l la vul garis 

Angui l l a  angui l la 

Pse ttodes sp . 

L i za dussumieri 

Channa macul a ta 

Fl uta alba 

Macrobrachi um sp . 

Upeneus bensasi 

Glossogobi us gi urus 

Carassi us aura tus 

Tri chogaster pectora l i s  
T. tri chopterus 

Oxyel eotris sp . 

Heteropneustes fossi l i s  

Angui l l a  japon i ca 

Tri den ti ger obscurus 

Punti us sp . 

Mi cropterus salmoides 

Arius manilensis 

Pangassi us sutchi 

Chanos chanos 

Mugi l cephal us 

Oreochromis ni loti cus 

Perea fl uvi a ti l i s  

Esox l uci us 

Lagodon rhomboides 



Common Name 

P laice 

Rainbow T rout 

Rosy Barb . 

Thai Cat f i sh 

Sand Goby 

S iganid 

S i lver Barb 

S i lver Perch 

S i lvery Theraponid 

Snakehead 

Sockeye Salmon 

Southern Flounder 

Spot . 

Weakf i sh 

Whi ting 

Yel low F in Bream 

Scientifc Name 

Pl euronectes pla tessa 

Salmo gai rdneri 

Puntius conchon i us 

Clari as ba trachus 

Oxyel eotri s marmoratus 

Sca tophagus argus 

Punti us gonionotus 

Bai rdi e l l a  chrysura 

Therapon pl umbeus 

Ophi cephal us s tria tus 
Channa stria tus 

Oncorhynchus nerka 

Para l i chthys l e thostigma 

Lei ostomus xanthurus 

Cynoscion rega l i s  

Si l l ago ci l ia ta 

Acan thopagrus austra l i s  

xxi i i  



Abs tract of di ssertat ion submitted to the Senate of 
Univers iti  Pertanian Malays i a  in ful f i l lment of the 
requi rements for the degree of Doctor of Phi losophy 

HISTOPATHOLOGY AND HEMATOLOGY OF EPIZOOTIC ULCERATIVE 
SYNDROME (EUS) - POSITIVE SNAKEHEAD (OPHICEPHALUS 

STRIATUS) 

By 

ERLINDA C. LACIERDA 

July 1 9 9 5  

Chai rman : Prof . Mohamed Shar i f f ,  Ph . D .  

Faculty : F i sheries and Mar ine Science 

Epi zoot ic ul cerative syndrome is an ulcerative 

disease of wild and cul tured freshwater fi shes in As ia 

and the Pac i f i c . Despite the bulk of research done on 

the syndrome for the past 1 0  years , the pr imary 

pathogen remains an eni gma . 

Thi s  study was undertaken to understand the 

progress ive deve lopment of EUS les ions through 

histopatho logy and hematology of EllS-posit ive snakehead 

( Ophi cephalus stria tus) . 

Regular monitor ing of snakeheads in Laguna de Bay, 

Phi l ippines from October 1 9 9 0  to February 1 9 9 3  
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