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Abstract

Fish diseases are the result of interaction between host, pathogen and environmental
conditions. The need to better understand the contribution of each element on the
development of fish diseases has always been a priority to improve the fish aquaculture
practices. In this work we evaluated the water parameters, bacterial fish pathogens and the
potential relationships between them with special focus on the most prevalent bacterial
pathogen in five different fish farms at Fayoum Governorate, Egypt. Water samples were
analyzed and heavy metals levels were determined. Fish samples were examined for
bacterial infections and its histopathological alterations in infected fish. Assessment of the
most virulence of most prevalent bacterial strain has been studied via molecular detection of
genetic determinants. The most prevalent bacterial spiecies were; Aeromonas hydrophila
18.8, A.sobria 13.2%, Ps. putida 14%, Ps.fluresnence 10% and Flavobacterium spp. 8.4% .
Positive linear correlation between heavy metal levels and bacterial infections were detected
with correlation coefficient r (Fe = 0.74, Zn =0.63, Ni = 0.58). Aeromonas hydrophila
showed resistance to commonly used antibiotics Oxytetracyclin and Amoxicillin, however
less commonly wused antibiotics (trimethoprim— sulfamethoxazole, Ciprofloxacin,
Kanamycin, novobiocin, and chloramphenicol) proved to be effective. PCR detection of
virulence factors showed the presence of Act, Ast,Alt and Ela virulence genes in the isolated
strains. Aerolysin phylogeny was studied in order to infer structural similarity between
homologous toxins; it showed great similarity between toxins from Aeromonas and Vibrio.
The drug discovery efforts revealed important potential natural compounds that can act as
inhibitors for the aerolysin toxin that can further be studied clinically.

Keywords: Water pollution; Bacterial pathogens; Characterization; Diagnosis; Fish
diseases, Bioinformatics.




TO WHOM I LOVE........cucn....

FATHER, MOTHER, AND ALL MY FAMILLY



ACKNOLEDGMENT

It is all thanking to Allah who embraced me with his Rind reconciling,

wise strength and support without which, such work would never been done.

I also can'’t express my sincere thanks and deep gratitude to Professor
Dr. Mohamed Moustafa Mohamed, Prof. of Tish Disease and Management,
Faculty of Veterinary Medicine, Cairo University, for his planning and
stimulating supervision, great help, valuable advice, moral support during the
course of this research and with his aid this work was accomplished. No suitable

words can express my deepest gratitude to him.

Sincere thanks and deep gratitude are particular to Prof, Dr. Mahmed
Abd El Aziz Prof. and Head of Tish Disease and Management, Faculty of
Veterinary Medicine, Cairo University, for his valuable help and encouragement
given to me during this work and his unfailing interest, stimulating supervision

and willing efforts to facilitate the difficulties during this work,

I am also particularly grateful and deeply thankful to Dr. Hossam
Hassan Abbas Prof. of Fish Physiology and Head of Hydrobiology Department,
National Research Centre for his supervising, stimulating discussion, sincere help

and Rind guidance.

I offer my great appreciation to Dr. AbdelGayyed Metwally, Assistant
Researcher in National Research Centre, for his encouragement advice guidance

and help during the course of the investigation

Also, I wish to express my deep appreciation to Dr. Amany Mohamed
Renawy, Prof. of Fish Pathology, Hydrobiology Department, National Research



Centre _for her valuable support and help in the pathology work in this study as

well as her beneficial advices.

I wish to record my gratitude to Dr. Mamdouh ElGendy, Researcher in

National Research Centre, for his tremendous support and encouragement and

valuable support.

Finally, my deep thanks to my Mother, Father, and whole family and

friends for their great cooperation and continuous support during the whole

worR,



CONTENTS

Page
INErOdUCTION ..o e 1
Review of literature ...........ccccovvveiieiieecece e 4
Materials and methods ..........cccoviveiiieiie e 32
RESUILS ..o e e 44
DISCUSSION L.ttt sttt et sre e e e 91
(©40] 8 [o] 1151 (o] o PSRRI 102
SUMIMATY ...ttt ee s eneeas 103
RETEIENCES. ...t s 105
ArabiC SUMMANY .....cooiiiiiicee e 121



LIST OF TABLES

Table. No. Title Page
Table 1 locality, Number and Weight of examined fish 34
Table 2 Blo_chemlcal characterlstlcs of bacterial isolates 52
retrieved from infected

Table 3 Total_preva_lence of bacterial infections in 55
examined fishes

Table 4 Prevalenc_e of bacterial infections in the examined 56
cultured fish.
Physical parameters of water samples collected

Table 5 . i . 61
from different fish farms in Fayoum governorate
Chemical parameters of water samples collected

Table 6 . i . 62
from different fish farms in Fayoum governorate

Table 7 Levels of heavy metal pollutants at studied fish 63
farms at Fayoum governorate

Table 8 Antibiotic sensitivity test for different strains 64

Table 9 Virtual screening hits in binding sitel 77

Table 10 | Virtual screening hits in binding site2 79




LIST OF FIGURES

Fig. No. Title Page
Fig. 1 Map of fish and water samples collection sites from 33
' studied fish farms
Aeromonas infected Oreochromis spp. showing
Fig. 2 darkening of the body, with skin and fins erosions| 45
and marked scale detachment.
Fi Aeromonas infected Oreochromis spp. showing
Ig. 3 : A . 45
unilateral exophthalmia and eye opacity.
Fig. 4 Infected Oreochromis spp. showing marked 16
' abdominal distension, darkening of the body.
Pseudomonas infected Oreochromis spp. showing
Fig. 5 sever inflammation with hemorrhagic spots| 46
distributed all over the body surface.
Aeromonas infected Tilapia fish showing sever
Fig. 6 hemorrhages in the internal organs with serous| 47
hemorrhagic exudates.
i Aeromonas infected Tilapia fish showing sever
Fig.7 o 48
congestion in gills.
Aeromonas infected Oreochromis spp. from farm 1,
Fig. 8 showing sever congestions and hemorrhage in | 48
intestine.
i Liver of infected fish show patches of hemorrhage
Fig. 9 i . 49
with local sever congestion.
i Infected Tilapia fish showing enlarged spleen as well
Fig.10 . - 49
as pale liver with internal serous exudates
Fig. 11 | API 20 E profile of Aermonas hydrophila 53
Fig. 12 | API 20 E profile of Aermonas. sobria 53
Fig. 13 | API 20 E Profile of Ps. putida 53
Fig. 14 Antibi_otics sepsitivity test re_sult for most prevalent 65
' bacterial species, A.hydrophila from site 1
Fig. 15 Antibiotics sensitivity test result for most prevalent 65

bacterial species, A. hydrophila from site 2




Antibiotics sensitivity test result for most prevalent

Fig. 16 bacterial species, A. hydrophila from site 3 66
Fig. 17 Antibiotics sensitivity test result for most prevalent 66
g bacterial species, A. hydrophila from site 4
Fig. 18 Antibiotics sensitivity test result for most prevalent 67
g bacterial species, A. hydrophila from site 5
Fig. 19 PCR bands For A. hydrophila detection using ACT 68
9. gene for virulence factor at 483 bp.
Fig. 20 PCR de_tectlon_ for virulence genes in Aeromonas 68
hydrophila strains
Fig. 21 Ph}_/logenltlc tree of Aerolysin Toxin protein Amino 70
Acid sequence
Y-Axis rotational view of the crystal structure of
Fig. 22 | Aeromonas hydrophila Aerolysin Toxin in its dimer 72
form
Fig. 23 Bmdlng_sne (1) of oligomerization inhibition in 74
Aerolysin monomer
i Docking Grid for Binding site of oligomerization
Fig.24 | . ..° " . 74
inhibition in Aerolysin monomer
Fig. 25 Slndmg site (2) of host cell membrane attachment 75
omain
i Docking Grid for Binding site (2) of host cell
Fig. 26 . 75
membrane attachment domain
Fig. 27 F|r_st ra_nked Ilganql in Binding site (1) to prevent 83
toxin oligomerization
i Mode of interaction of the first ranked ligand in
FIg- 28 | Binding site (1) 83
Fig. 29 Se(_:ond_ ranked_ Ilg_and in binding site (1) to prevent 84
toxin oligomerization
i Mode of interaction of the second ranked ligand in
FIg-30 | Binding site(1) 84
Fig. 31 Th_|rd r{inked I_|gand in Binding site (1) to prevent 85
toxin oligomerization
i Mode of interaction of the third ranked ligand in
FIg- 32| Binding site (1) 85
Fig. 33 Third ranked ligand in binding site (1) to prevent 86

v




toxin oligomerization

Mode of interaction of the fourth ranked ligand in

FIg- 34 pinding site (1) 86

Fig. 35 E’Zc;se view of the highest ranked ligand in binding site 87
i Mode of interaction of the highest ranked ligand in

F19-36 | hinding site (2) 87

Fig. 37 | Pose view of second ranked ligand in binding site (2) | 88

Fig. 38 I\_/Iode of interaction of the second ranked in binding 88

site (2)

Fig. 39 | Pose view of third ranked ligand in binding site (2) 89
i Mode of interaction of the third ranked ligand in

FIg- 40 hinding site (2) 89

Fig. 41 | Pose view of fourth ranked ligand in binding site (2) 90

Fig. 42 Mode of interaction of the fourth ranked ligand in 90

binding site (2)







Introduction

In the context of continuous nutritional protein shortage crises which
was aggravated lately in Egypt, fish arise to play an essential role as one of
the main nutritional protein sources. Fish production industry in very recent
years shaped its importance in economical development, stimulating local
market economy and providing abundant source for foreign exchange
featuring the sector importance in national economy as one of the most

promising sources for national income Soliman and Yacout (2016).

The rapid growth in the fish production in Egypt can be
considered as a promising success story helping to feed the Egyptian
population. Farming Production has increased from about 92.5
thousand tons in 1971 to more than 1097,544 t in 2013, forming about
75.46 % of the total country’s fish production GAFRD (2014).

Nile tilapia is the most native cultured fish in Egypt Gilbert
(2002). Egypt achieved advanced global rank in tilapia production in
recent years Hebisha and Fathi (2014). With earthen pond semi-
intensive culture system being the most implemented culturing system
in use, and the use of agricultural drainage in the aquaculture water
input makes the quality of water arise to form a real concern in the

advancement of fish production in Egypt Canli (2000).

Many challenges are facing fish culturing sector, holding it
back from achieving its intended goals. On the top of these problems
comes the scarcity of water resources. Aquaculture in Egypt is not

allowed to use irrigation/Nile water and is generally dependent on
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water from agricultural drainage channels and ground water. Such
limited resource is suffering from continuous pressure of decreasing
quality due to elevated rates of pollution as well as increased pathogen
load. Soliman and Yacout (2016).

Fish diseases has always been perceived as a result of
interaction of three main factors; host, pathogen and environment. As
it affects both pathogen load and host immunity; the environmental
conditions has always been viewed as the principal determining factor
in the development of disease Saeed and Shaker (2008). However the
bacterial load and host immunity and health state play a principal role

in the prevention or advancement of the disease.

Bacterial pathogens particularly is considered one of the main
causes of diseases in fish culture, where the virulent bacteria pathogen
plays a vital role in the infection process, other factors may intensify
the severity of the problem. Environmental and managemental factors
play as important role as the presence of the pathogen in the formation

of the disease.

Bacterial diseases are considered as one of the most important
problems facing the aquaculture industry; it has been estimated that
10% of fish loss in aquaculture is due to disease and more than 50% of
these losses are due to bacterial agents Freund et al. (1990). For those
bacterial diseases, the presence of specific bacterial agents is essential
for the infection to happen. Many of fish bacterial pathogenic agents

can present in the digestive tract of apparently healthy fish or even
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naturally commensals in the ambient environment like the Aeromonas
species; but their ability to cause a disease outbreak is always
dependant on the weakening of the host organism and/or an increase in

the organism virulence Austin and Austin (2007).

The aim of this work is to assess the levels of heavy metals
pollution and bacterial pathogens in some fish farms of Fayoum
Governorate, as well as assessment of their role in the development of
fish diseases as one of most devastating problems facing aquaculture

industry in Egypt.



