University of Rajshahi Rajshahi-6205 Bangladesh.

RUCL Institutional Repository http://rulrepository.ru.ac.bd
Department of Zoology PhD Thesis
2015

|Isolation and Molecular
Characterization of Bacteria from
Diseased Farm Fish

Ahsan, Md. Kamrul

University of Rajshahi

http://rulrepository.ru.ac.bd/handle/123456789/314
Copyright to the University of Rajshahi. All rights reserved. Downloaded from RUCL Institutional Repository.



= ISOLATION AND MOLECULAR CHARACTERIZATION
Pano Thests OF BACTERIA FROM DISEASED FARM FISH

A thesis submitted to
The University of Rajshahi

For the Degree of
Doctor of Philosophy

By
Md. Kamrul Ahsan

HSId INHV4 d3SV3SId NOYH4 VIH319vE 40
NOILVZIH31OVHVYHI 4V1NO3TO0IN ANV NOILV10SI

Department of Zoology

University of Rajshahi

Rajshahi 6205

June 2015 Bangladesh




ISOLATION AND MOLECULAR CHARACTERIZATION
OF BACTERIA FROM DISEASED FARM FISH

a

A thesis submitted to
The University of Rajshahi

For the Degree of
Doctor of Philosophy

By
Md. Kamrul Ahsan

Department of Zoology
University of Rajshahi
Rajshahi 6205
Bangladesh



The key to success is perseverance — and good luck.

“I am among those who think that science has great beauty. A scientist in his
laboratory is not only atechnician, he is also a child placed before natural
phenomena which impress him like a fairy tale.”

- Marie Curie (1867-1934)



DECLARATION

I, Md. Kamrul Ahsan, hereby declare that the research work incorporated in the
thesis entitled “ISOLATION AND MOLECULAR CHARACTERIZATION OF
BACTERIA FROM DISEASED FARM FISH” is an origina work was done by
me and supervised by Dr. Selina Parween, Dr. Ananda Kumar Saha and Dr. Md.
Mosharrof Hossain, Professors, Department of Zoology and is submitted to the
University of Rgjshahi for the degree of Doctor of Philosophy in Zoology. Such
material has not been submitted to any other University/Institute for any degree.
The literature and material that has been obtained from other sources is duly

acknowledged in thesis.

(Md. Kamrul Ahsan)



ACKNOWLEDGEMENTS

This thesis is a culmination of a perfect working relationship with my supervisors,
Professor Dr. Selina Parween, Professor Dr. Ananda Kumar Saha and Professor Dr. Md.
Mosharrof Hossain, Department of Zoology, University of Rgshahi, to whom | am
eternaly grateful. They provided unreserved support during my research work and
generously paved the way for my development as a researcher. Perhaps most
importantly, | thank them for being my companion on our quest to discover what liesin
the shadow of the statue.

| am aso greatly indebted to the many people who in some way contributed to the
progress and publication of the work contained herein. First and foremost, | thank the
Chairmen of the Department of Zoology, University of Rajshahi for providing laboratory
facilities. | also appreciate the help provided by Professor Dr. Aminuzzaman Md. Saleh
Reza of the Department of Zoology for his valuable suggestions which make my
research effort successful. | am also grateful to al the teachers of the Department of
Zoology, University of Ragjshahi. | am highly appreciating the help of Professor Dr. Md.
Abu Reza of Genetic Engineering and Biotechnology Department, University of
Rajshahi for his untiring guidance and laboratory facilities for carrying out the
experiments and writing the results of molecular biology section.

Writing this thesis was not the lonely experience it could have been because of cherished
friends who provided enthusiasm and empathy in just the right doses. The wonderful
companionship of Dr. Moni Krishna Mohanta, Ali Mohammad Nushair, Sk. Md. Atiqur
Rahman, Rokshana Ara Ruhi, and many others of the Zoology Department and Md.
Akhrar-E-Ekram and Ahmed Salahuddin Kabir of Genetic Engineering and
Biotechnology Department ensures that | can only think back upon the last few years
with feelings of fondness and reminisce.

| am thankful to University Grants Commission (UGC) Bangladesh for bringing the
research work under their fellowship programme and the Ministry of Education,
Government of the Peoples’ Republic of Bangladesh for providing deputation to pursue
the higher education.

| am grateful to the authority of Centre for Advanced Research in Sciences (CARYS),
Dhaka University and International Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) for providing laboratory facilities to carry out genome sequencing.

The unconditional love and encouragement provided by my family served as a secure
anchor during the hard and easy times; thank you.

The author



ABSTRACT

Present study was carried out for three years duration from March 2012 to February 2015
to isolate and characterize the bacteria collected from diseased farmed carp fishes and
pond water. From the collected diseased carps (Puntius sarana, Labeo rohita, L. bata,
Catla catla, Cirrhinus mrigala, Hypophthalmichthys molitrix) and water samples total
nine isolates were differentiated and sub-cultured at 30-37°C in the laboratory. The
bacteria were identified on the basis of their morphological, physiologica and
biochemical characteristics and confirmed by sequencing of 16S rRNA gene sequence
analysis. Among the nine isolates six were Gram-negative rods and three were Gram-
positive. Gram-negative six isolates can utilize citrate, and two isolates can ferment
lactose. Four isolates were found as catalase positive, while two were weak positive;
three were oxidase positive. All the nine isolates were found as fermentative type of
bacteria. None of the isolates reduce sulphur, five produced indole; three were motile on
motility indole urea media and showed flagellar movement on hanging-drop method. Six
isolates showed positive results for methyl red test, while four of them were Voges-
Proskauer positive. Sucrose was utilized by all the isolates where one of the isolate
could only ferment sucrose. Among the nine isolates six showed resistance against
bacitracin. All the isolates are more or less sensitive to gentamicin, neomycin,
cephradine, doxycycline, tetracycline, ceftriaxone, ciprofloxacin, pefloxacin, mecillinam
and nitrofurantoin. The highest colony forming units/ml was calculated as 65-71x10™
and lowest was 11-16x10°. Two isolates were found ampicillin resistant, and MIC for
this antibiotic ranged from 320-640 pg/ml and MBC was in the range of 320-1280 pg/ml
for the rest of the isolates. The MIC and MBC were ranged from 320-640 pg/ml and
320-1280 pg/ml respectively for the antibiotic tetracycline as al the isolates were
sensitive to this antibiotic. Isolates showed their optimum growth in the range of
temperature 28-30°C, pH 6.8-7.5 and salinity 1%. Five different primers were used
and the combination of 8F806R and 8F1492R gave the more contrast single band in
between 700-800 bp in comparison to 1kb plus DNA ladder. NCBI BLAST nucleotide
sequence first matching revealed the nine isolates as Klebsiella oxytoca strain KB (98%),
Klebsiella oxytoca strain SHD-1 (99%), Klebsiella oxytoca strain AIMST 8.Cp.16
(99%), Pantoea sp. strain F6-PCAIi-T3P21 (84%), Aeromonas sp. strain OS6 (97%),
Aeromonas veronii biovar sobria strain ER.1.24 (99%), Brevibacillus borstelensis strain
1CK49 (99%), Brevibacillus borstelensis strain 1CK49 (91%) and Bacillus sp. BV C99
(99%). Among the identified isolates six belongs to the family Enterobacteriaceae, two
from the family Paenibacillaceae and one from the family Bacillaceae.
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CHAPTER 1: GENERAL INTRODUCTION

Introduction and literaturereview

Aquaculture is an important expanding enterprise in the world especially in Asian
countries. Eighty four percent of the world’s fish production through aquaculture comes
from Asia according to FAO (1995). In spite of this, there is still a greater demand to
increase the production of aguaculture products. Recently, the rapid growth of this
enterprise was augmented by the development of intensification techniques in rearing
aquatic animals. In practice, this means increasing the density of cultured fish
populations to the tolerable maximum. This practice had resulted to increasing mass
mortalities due to bacterial, vira and parasitic diseases in hatcheries and different
culture systems on a scale never seen before. The annual total losses through fish
diseases are largely unrecorded but are very sustainable. In Asia, currently diseases have
emerged as a major constraint to the sustainable growth of aguaculture in the region
(FAO 1995). It has been estimated that 15 Asian countries, having a total aquaculture
output of over US$ 22.7 billion in 1990, lost US$ 1.36 billion the same year through
disease (ADB/NACA 1991).

Fish plays the key role in protein supply of the people of Bangladesh. The traditional
food of the nation includes rice and fish. With advancement of time, fish production
from the natural freshwater bodies declined gradually and drastically due to a number of
causes. However, presently pisciculture boomed up, and feeding the nation quite at
acceptable price. Freshwater shrimp culture in Bangladesh opened an industrial platform

and earning quite a good amount of foreign money since 1980’s.

Bangladesh has a long history of rural, small-scale aguaculture, mainly based on carp
culture. The culture type is either traditional, or improved traditional or polyculture.
However, a number of other species have introduced in both monoculture and
polyculture systems. Freshwater shrimp farming, integrated with rice cultivation and
certain fish species, is also practiced in the country. Herbivorous or filter feeders such
as carps have the net contribution to global fish supplies and food security (Naylor et
al. 2000).

Global fish production has grown steadily in the last five decades, with food fish supply
increasing at an average annual rate of 3.2 percent, outpacing world population growth

at 1.6 percent. World per capita apparent fish consumption increased from an average of
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9.9 kg in the 1960s to 19.2 kg in 2012 (Table 1.1). This impressive development has
been driven by a combination of population growth, rising incomes and urbanization,
and facilitated by the strong expansion of fish production and more efficient distribution
channels (FAO 2014).

Aquaculture development is imbalanced and its production distribution is uneven, with
Asia accounting for about 88 percent of world aquaculture production by volume.
Among the leading producers, the major groups of species farmed and the farming
systems vary greatly. India, Bangladesh, Egypt, Myanmar and Brazil rely very heavily
on inland aguaculture of finfish while their potential for mariculture production of
finfish remains largely untapped (FAO 2014).

According to the report of FAO (2014) global food fish productions from inland
aguaculture and from mariculture were at the same level of 2.35 million tonnes in 1980.
However, inland aquaculture growth has since outpaced mariculture growth, with
average annua growth rates of 9.2 and 7.6 percent, respectively. As a result, inland
aguaculture steadily increased its contribution to total farmed food fish production from
50 percent in 1980 to 63 percent in 2012. Of the 66.6 million tonnes of farmed food fish
produced in 2012, two-thirds (44.2 million tonnes) were finfish species grown from
inland aguaculture (38.6 million tonnes) and mariculture (5.6 million tonnes). Although
finfish species grown from mariculture represent only 12.6 percent of the total farmed
finfish production by volume, their value (US$23.5 hillion) represents 26.9 percent of
the total value of all farmed finfish species. This is because finfish grown from
mariculture include a large proportion of carnivorous species, such as Atlantic salmon,

trouts and groupers, that are higher in unit value than most freshwater-farmed finfish.

The rapid growth in inland aquaculture of finfish reflects the fact that it is a relatively
easy-to-achieve type of aquaculture in developing countries when compared with
mariculture. It now accounts for 57.9 percent of farmed food fish production globally.
Freshwater fish farming makes the greatest direct contribution to the supply of
affordable protein food, particularly for people still in poverty in developing countriesin
Asia, Africa and Latin America. This subsector is aso expected, through continued
promotion and sustainable development, to be the lead player in achieving long-term
food and nutrition security and in meeting the increased demand for food fish by the

growing population in many developing countries in the coming decades.
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In 2012, 3.9 hillion people, 55 percent of all humanity, lived inside the south Asian
countries. The development of aquaculture has made a great contribution to the supply of
food fish for consumption in most of the countries there, including several of the world’s
most populous countries such as China, India, Indonesia, Pakistan, Bangladesh and Japan.
In 2012, the south Asian countries produced 58.3 million tonnes of food fish from
aquaculture- 87.5 percent of the world’s farmed food fish production. When these
countries are counted together, the contribution of aquaculture to total fish production rose
from 23.9 percent in 1990, to 40.2 percent in 2000, and 54.6 percent in 2012 (FAO 2014).

As at 2012, the number of species registered in FAO statistics was 567, including
finfishes (354 species, with 5 hybrids), molluscs (102), crustaceans (59), amphibians
and reptiles (6), aquatic invertebrates (9), and marine and freshwater algae (37). It is
estimated that more than 600 aquatic species are cultured worldwide for production in a
variety of farming systems and facilities of varying input intensities and technological
sophistication, using freshwater, brackish water and marine water. For most farmed
aquatic species, hatchery and nursery technology have been developed and established
(FAO 2014).

Table 1.1 World fisheries and aquaculture production and utilization (FAO 2014).

2007 2008 2009 2010 2011 2012

(million tonnes)

PRODUCTION

Capture

Inland 10.1 10.3 10.5 11.3 11.1 11.6
Marine 80.7 79.9 79.6 77.8 82.6 79.7
Total capture 90.8 90.1 90.1 89.1 93.7 91.3
Aquaculture

Inland 29.9 324 34.3 36.8 38.7 41.9
Marine 20.0 20.5 214 22.3 23.3 24.7
Total aquaculture 49.9 52.9 55.7 59.0 62.0 66.6
Total World Fisheries 140.7 1431 1458 1481 155.7 158.0
UTILIZATION

Human consumption 117.3 120.9 123.7 128.2 131.2 136.2
Non-food uses 234 222 221 19.9 24.5 21.7
Population (billions) 6.7 6.8 6.8 6.9 7.0 7.1

Per capitafood fish supply (kg) 17.6 17.9 18.1 185 18.7 19.2
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Food security, defined as a sustainable supply of “sufficient, affordable, nutritious and
safe food, adapting to a rapidly changing world”, was identified as the No. 1 research
priority of the BBSRC Strategic Plan 2010-2015 (http://www.bbsrc.ac.uk/publications/
policy/ strategy/index.html).

Disease problems are occasionally observed in both pisciculture and shrimp culture
systems, and these are mainly attributed to poor husbandry. However, a serious
outbreak of epizootic ulcerative syndrome (EUS) occurred in 1998 in shrimp farms,
and viral infections of marine shrimp also occurred in 1994 and 1996. Later on
outbreak of diseases were found to occur very often in fish culture ponds. These
outbreaks served to highlight the importance of aguatic animal health management in
Bangladesh (Islam 2002). Intensification of culture systems, involving practices like
increased stocking rates, increased feeding and fertilization programmes, which
sometimes result in nutrient accumulation, algal blooms, dissolved oxygen deficiency
and other water quality problems correlating with the disease problem in ponds in

rural areas (Kumar 1992).

1.1 Some characteristics of modern aquaculture
The modern aguaculture is now based on some marked characteristics. Brun et al.
(2009) mentioned these characteristics as follows:

i)  Intensive and extensive production systems;

i)  Aquaculture is vital for many local/regional and national economies, both
financially and employment;

iii)  Traditional and novel speciesfor culture;
iv)  Continuous development of technology;
V) Increasing focus on “healthy” food production;

vi) Fishisglobally the most traded food, 22% of this trade is aquaculture products
which provides > 40% of the global food fish supply;

vii) Diseases have become one of the main constraints to sustainable aguaculture
production and trade;

viii) Many examples of translocation of infectious agents by host movement;

iX) Increasing understanding of a need for coordinated preventive actions between
stakehol ders;
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X) International, national and farm level biosecurity measures have become
essential to control and prevent infectious diseases and their devastating
€CoNoMIC conseguences.

1.2 Bacteria and fish disease

Bangladesh is blessed with huge water resources suitable for aguaculture. Fish
production is increasing, though Amin (2000) reported that production is substantialy
hampered due to disease. Diseases in the form of ulcer are often confused with EUS,

which are more prevalent in winter.

Among the various fish diseases, bacterial infection is a mgjor one. Bacteria disease is
an illness of fish body caused by bacteria creating infection or interna disorder. It is an
expression of a complex interaction between a susceptible host, a pathogen and the
environment. In the presence of an infective agent in an effective number, a susceptible
host suffers an infection in adverse conditions (Abowel and Briyai 2011). Bacterial
diseases manifest in various ways for the impairment of the normal physiology in the
host (Bassey 2011). Bacteria are single cell microscopic organisms occurring in
different sizes and forms. These forms include rods, spherical, spiral, coma and
filamentous shape. Bacterial organisms have cell wall, which maintains the cell
integrity. Most bacterial pathogens of fish are rod shaped or flagellated, hence motile.
They are psychrophylic, having a wide temperature range for growth. The pH range of
bacterial growth is 5.5-10.00. Bacteria pathogens are aerobes or facultative anaerobes.
Some are chromogenic, forming various pigments. A great number of them grow well

on common laboratory media (Bassey 2011).

Some of the bacterial species that inhabit the aguatic environment are essentia to the
balance of nature with no direct consequence in causing disease in fish. Approximately
125 different bacterial species belonging to 34 different bacterial families have been
associated with various fish diseases in the world (Oztiirk and Altinok 2014). The list of
fish pathogens keeps extending. The water used in aquaculture operations provides a
natural habitat for growth and proliferation of bacteria which can be influenced by
nutrient availability, pH, temperature, and other factors that affect their growth pattern,
virulence, and pathogenicity. In order to grow, bacteria need an organic substrate that
provide nutrients;, some survive as free living organisms or exist as fish pathogens,

while others are fastidious and survive indefinitely only within a host (Plumb and
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Hanson 2011). Most bacteria responsible for causing disease in fish are gram negative
rods but some pathogens that are gram-positive rods or cocci and afew that are acid-fast

rods also cause disease in aquatic animals (Oztiirk and Altinok 2014).

Bacteria diseases are responsible for heavy mortality in both wild and cultured fish. The
actual role of these micro-organisms may vary from that of a primary pathogen to that of
an opportunist invader of a host rendered moribund by some other disease process
(Richards and Roberts 1978). The non-specific nature of diseases induced by non-
fastidious and opportunistic bacterial organisms makes them unpredictable and
complicates their differential diagnosis. Many of these organisms are a usual component
of the bacterial flora in aquatic habitats, particularly in eutrophic systems. Stressors,
often inevitable in most culture systems, predispose fish to bacterial-born diseases
(Snieszko 1974).

The course of events from stress to predisposition to infection, include physiological
changes described as a general alarm response syndrome. The consequences of which
are to enforce barriers, normally preventing entry of bacteriato inner systems of fish and
at the same time incapacitating fish defense responses and immune reactions (Mazeaud
et al. 1977). Diagnosis of bacterial diseases of fish required observation of common
clinical signs associated with the disease, isolation and identification of the causative
bacterial organisms and confirmation with animal inoculation is important to fish
culturist and fisheries managers (Abowei and Briyai 2011).

Disease caused by bacteria may cause heavy mortality in both wild and cultured fish, as
these are found everywhere in the aguatic environment. Most bacterial pathogens are
part of the normal microflora of the aquatic environment and are generally considered as
secondary or opportunistic pathogens. Almost all fish bacterial pathogens are capable of
independent existence outside the fish body. There are only a few obligatory pathogens,
even these, however, are capable of living for a long time in the tissues of their host
without causing injury. Clinical infections and disease usually occur only after the onset
of some major changes in the physiology or body of the host. There has been a steady
increase in the numbers of bacterial species associated with fish diseases, with new
pathogens regularly recognized in the scientific literature (Austin and Austin 2007). As

in al anima production systems, bacterial disease is one of the major problems facing
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production, development and expansion of the aquaculture industry of the world (in
Appendix table | the global outbreak of EUS is presented).

The control of disease is particularly difficult because fish are often farmed in system
where production is dependent on natural environmental conditions. Changes or
deterioration in the aguatic environment cause most of the bacterial diseases
encountered, and environmental effects give rise to many other adverse conditions. A
second major constrain on disease control is the relatively limited number of therapeutic
agents available for the control of bacteria diseases agents. Even recommended
therapies and preventive measures pose limitations. Their application to aguatic animals

is often difficult in actual practice, and sometimes impossible to implement.

Outbreaks of major bacterial diseases in aguaculture can be significantly reduced if
proper attention is paid to good husbandry practices and the maintenance of optimum
environmental conditions, especially water quality. Another important consideration
involves identifying the predisposing factors that may lead to a disease state. Once
predisposing factors are identified, appropriate corrective measures should be initiated
in the culture system.

Some bacteria produce enzymes called extracellular products (ECP) which are
associated with the microorganism’s virulence. ECP contain proteases, hemolysins,
exohemaglutinins and cytotoxins and are highly toxic to fish. Most bacterial fish
pathogens are rod-shaped, and the same species can form rough or smooth colonies
depending on environmental conditions and the virulence or infective ability of the
strain. Not all bacteria present in the body of afish are pathogenic or may cause disease.

Some bacteriamay be harmless or even beneficial.

Bacteria are ubiquitous. This means that they can be found or are present almost
everywhere in the aquatic environment. The actual role of these microorganisms may
vary from being beneficial to that of being a secondary opportunistic invader, attacking
only when the host is weakened or injured, or a primary pathogen that may cause the
death of the species.

Fish possess a diverse array of bacterial taxa, often reflecting the composition of the
microflora of the surrounding water (Austin 2006), and they are susceptible to a wide

variety of bacterial pathogens especially when the fishes are physiologically unbalanced
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or nutritionally deficient, or subjected to stressors, i.e, poor water quality and
overstocking. Infectious diseases are the main cause of economic losses in aguaculture
industry which is negatively impacted by various pathogenic organisms (Plumb 1997)
such as Edwardsiella tarda (Gram-negative enterobacterium) which is the causative
agent of edwardsiellosis in freshwater (Abdel-Lah and Shamrukh 2001).
Edwardsiellosis is a septicemic disease characterized by extensive lesions in the skin,
muscle and internal organs and infected commercially important fish including els,
channel catfish, mullet, Chinook salmon, flounder, carp, tilapia and striped bass (Thune
et al. 1993). A list of bacterial fish pathogens of the world and their hosts are presented
in the Appendix tablel.

Most of the bacteria associated with fish diseases are naturally saprophytic organisms
and widely distributed in the aquatic environment. Comparatively few species are
classified as true obligate pathogens. Both groups of organisms may be present on the
external body surface or in the tissues of apparently healthy fish, and their pathogenic
role will only manifest itself as a consequence of stress.

Fish presented for bacteriological examination fall into two categories, diseased fish and
healthy fish, although the dividing line is not always obvious. If clinically diseased fish
are subjected to bacterial examination, the effort is focused either on the detection of the
causative agent in external lesions such as dermal changes, changes in the gills and so
on, or on the examination of the internal organs, especially kidneys, if there is suspicion
of a septicaemic disease. If the presence of a specific germ (e.g. vectorship) is to be
eliminated or the bacteriological examination is performed for another reason, such
bacteriological examination is mainly focused on the kidneys and/or other
parenchymatous tissues.

EUS is afish disease characterized by the presence of severe, open dermal ulcers on the
head, on the middle of the body, and on the dorsal regions of the fish (McGarey et al.
1991). EUS has been characterized as an epizootic disease of freshwater fish in the
Indo-Pacific region since 1980 (FAO 1986) and was first reported in Bangladesh in
1988 (Barua et al. 1991). This disease is now frequently occurring in many fish farmsin
Bangladesh (Chowdhury 1997); the disease generally develops with ulcers that develop
on the fish bodies, and the fish may die within aweek of being infected. The disease has
caused substantial economic loss to fish farmers and the fisheries sector. The etiol ogical
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agent(s) of EUS in Bangladesh is still unknown; however, organisms belonging to the
potentially fish-pathogenic genera Aeromonas, Vibrio, Plesiomonas, and Pseudomonas
were often isolated from the lesions and blood samples of infected fish. Representatives
of A. hydrophila and A. sobria were recovered most frequently, followed by Vibrio and
Plesiomonas spp. (McGarey et al. 1991).

McCarthy (1980) performed detailed experiments concerned with the ecology of
A. salmonicida and also reviewed the work carried out by others. According to his
report, contact with infected fish or contaminated water and fish farm materials, and
transovarian transmission have all been cited as probable routes of infection. Also,
carrier fish, which show no overt signs of disease but harbour the pathogen in their
tissues, appear to be implicated in horizontal or vertical transmission. Such carrier fish
are presumed to provide areservoir which retains the pathogen in fish populations.

Although the relative numbers and types of bacteria associated with healthy fish are
interesting, it is the role of these bacteria that is of importance. However, the
information is generally patchy. For a start, it is relevant to inquire whether fish-
associated bacteria are active metabolicaly or could some be inactivedormant-
nonculturable (Ruby and Lee 1998). By piecing together various data, it becomes
apparent that components of the bacterial microflora of fish have been associated with

numerous functions.

1.2.1 Factors causing infection to fish

Infectious diseases of fishes occur when susceptible fishes are exposed to virulent
pathogens under certain environmental stress conditions (Snieszko 1974). It seems that
the host species is not the only significant factor in determining the species of bacterial
pathogen involved, environment is another important factor also (Snieszko 1978a). The
role of environment in the health and disease of fish and shellfish was described by
Wedemeyer et al. (1976). There is a role of water, mud and detritus, contaminated
implements on fish farms, animals other than fish themselves, and particularly, carrier
fish, as potential sources of infection.

Under ideal environmental conditions, healthy looking fish without a clinical sign or
lesion can carry pathogens that create serious risks for the spread of contagious diseases

in the fish populations. Disease becomes evident only when stressful condition occurs.
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Under intensive aguaculture conditions the risk of stress increases and a significant
proportion of the stock may become infected. So, detection of pathogen from carrier fish
isessential for the effective control of fish disease. Since most of the time, prevaence of
diseases may change depending on time of the year and water temperature (Plumb
1999), it may be difficult to sample an infected fish from a population. Statisticaly,
relevant disease surveillance and monitoring requires testing large numbers of fish
(Altinok and Kurt 2003).

Water quality: Water quality in fish ponds is affected by the interactions of several
chemical components like carbon dioxide, pH, alkalinity and hardness, which are
interrelated and can have profound effects on pond productivity, the level of stress
and fish health, oxygen availability and ammonia toxicity as well as that of certain
metals. Most features of water quality are not constant, carbon dioxide and pH
concentrations fluctuate daily. Alkalinity and hardness are relatively stable but can
change over time, usually weeks to months, depending on the pH or mineral content
of watershed and bottom soils (Wurts and Durborow 1992). Water quality and
prevalence of bacterial diseases are strongly correlated. In fish ponds water quality
can become a favourable environment for bacterial growth and proliferation due to
the imbalance of chemical or biological factors. As a result disease outbreak can

create havoc on the production of healthy fish.

Temperature and pH are limiting factors for the survival of bacteria in fish products;
these facts are used during the processes of pasteurization and heat treatment,
particularly of offal (Whipple and Rohovec 1994).

The aguatic environment, especialy aguacultura and eutrophic waters and rivers,
provides a natural habitat for growth and proliferation of bacteria because of nutrient-rich
organic substrates that enhance bacterial growth. Bacteria flora of water is influenced by
nutrient availability, pH, temperature, and other factors that affect their growth pattern,
virulence, and pathogenicity. To grow, bacteria need an organic substrate that provide
nutrients, some survive as free living organisms or serve as fish pathogens (facultative),
while others are fagtidious and survive indefinitely only within a host (obligate
pathogens). Also, the leve of sdinity in water or culture media may affect growth and
surviva of some bacteria. Generaly, an optimum pH 6 to 8 is desirable for growth of
most bacteria; many die at pH above 11 or below 5. A temperature of 20-42°C is

10
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necessary for optimum growth of most bacteria but some will grow above 50°C
(thermophiles), while others grow at near 0°C (psychrophiles). Bacteria that are most
prolific at temperatures of 18-45°C (mesophils) include many bacteriathat are pathogenic
to fish (Plumb and Hanson 2011).

1.2.2 Fish diseasesin culture ponds

Motile Aeromonas spp. are significant causes of diseases in warm-water fish species
(Starliper 2008), particularly A. hydrophila and Pseudomonas fluorescens as causative
agent of bacteria septicemia (Burton et al. 2000).

Infectious diseases of cultured fish are the most notable constraints on the expansion of
aquaculture and the realization of its full potential (Plumb 1994, Woo and Bruno 1999,
Klesius et al. 2000, Robert and Moeller 2012). Bacterial pathogens are the most serious
disease problem in fish production causing 80% of mortalities (Austin and Austin
2007). Bacteria organisms may be the primary cause of disease, or they may be
secondary invaders, taking advantage of a breach in the fish’s integument or
compromise of its immune system. The majority of bacteria fish pathogens are natural
inhabitants of the aguatic environment, whether it is freshwater or marine (Inglis et al.
1993, Robert and Modller 2012). Mgority of the bacterial infections are caused by
Gram-negative organisms including the following pathogenic genera: Aeromonas,
Citrobacter, Edwardsiella, Flavobacterium  (Flexibacter), = Mycobacterium,
Pseudomonas, and Vibrio. Streptococcus, a Gram-positive genus, has been shown to

cause disease in fishes.

Aeromonas spp. compose a large portion of the bacterial floraamong freshwater aquatic
organisms that are maintained in a wide range of water temperatures. Aeromonas
organisms are Gram-negative, motile, facultative anaerobic rods that are ubiquitous in
the aguatic and terrestrial environments. A. hydrophila, A. caviae, A. sobria, and
A. schubertii have all been implicated in human disease and are found in association
with aguatic finfish and crustaceans (Palumbo et al. 1989). These aeromonads
frequently cause disease in cultured and pet fish. Clinical signs of Aeromonas infections
in fish are seldom specific and include ulcerative lesions of the skin around the base of
the fins and anus, raised scales, abdomina distension, and exophthalmia, all of which
are signs that commonly develop with other bacteria infections. Depending on the

severity of infection, anemia, hepatomegaly, and ascites may develop in affected fish.

11
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Aeromonad infections in fish are often secondary to other stressors such as a suboptimal
environment, poor water quality, parasitism, and nutritional deficiencies. The primary
route for transmission to a clinician or persons handling fish is contact with mucus and
tissues from infected or carrier fish. Cuts and abrasions that are already present on the
hands of the handler, as well as wounds caused by handling fish directly, are possible
routes of infection. Human infections with Aeromonas spp. often develop in
immunocompromised persons for whom the bacteremia can prove life threatening
(Joseph et al. 1979, Tsai et al. 2006).

Motile Aeromonas species occur widely in water, sludge and sewage (Kaper et al.
1981), the population in the environment is controlled by seasonal factors like
temperature, solar radiation, phytoplankton (Monfort and Baleux 1990). In the
environment, Aeromonas are sometimes isolated more frequently than Escherichia
coli, however, the survival capability of A. hydrophilais similar to E. coli (Chung and
Yu 1990). Aeromonas species are potential food-poisoning agent. A. hydrophila is
psychrotrophic and has been associated with the spoilage of refrigerated (5°C) animal
products (Majeed et al. 1989) and may also produce toxins at low temperature under
suitable growth conditions (Krovacek et al. 1991, Majeed et al. 1989). The persistence
and transmission of Aeromonas in a duckweed aguaculture-based hospital sewage
water treatment plant in Bangladesh was studied. Aeromonas was found at all sites of
the treatment plant, in 40% of the samples from environmental control ponds, in 8.5%
of the samples from hospitalized children suffering from diarrhoea, and in 3.5% of
samples from healthy humans. A significantly high number of Aeromonas bacteria
were found in duckweed, which indicates that duckweed may serve as a reservoir for
these bacteria (Rahman et al. 2007).

It is apparent that fish are continuously exposed to the microorganisms present in water
and in sediment including the contaminants in sewage/faeces (El-Shafai et al. 2004).
These organisms will undoubtedly influence the microflora on external surfaces,
including the gills, of fish. Similarly, the digestive tract will receive water and food that
is populated with microorganisms (Austin 2006).

From the published literature, it may be deduced that there are three likely scenarios for

the fate of bacteria coming into contact with fish:
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1. The organisms from the environment around the fish may become closely
associated with and even colonise the external surfaces of the fish. There may be
accumulation of the organisms at sites of damage, such as missing scales or
abrasions (Austin and Austin 1987).

2. The organisms may enter the mouth with water (Olafsen 2001) or food and pass
through and/or colonise the digestive tract (Austin and Austin 1987).

3. The organisms coming into contact with fish surfaces may be inhibited by the
resident microflora or by natural inhibitory compounds present on or in the fish
(Austin and Austin 1987).

1.2.3 Bacterial population in fish

Fish have only low bacterial populations on the skin (Horsley 1973), gill tissue has been
found to harbor high bacterial populations, up to 106 bacteria g™ (Trust 1975). Thereis
anecdotal evidence that the eyes of healthy fish are devoid of bacterial colonization
(Austin and Austin 1987). Muscle has been considered by some to be sterile (Apun et al.
1999), whereas other investigators have reported the presence of bacteria (Evelyn and
McDermott 1961). Also, some workers have found bacteria in the kidney and liver of
healthy fish, Scophthalmus maximus (turbot) (Toranzo et al. 1993). A consensus view is
that dense bacterial populations occur in the digestive tract populations of up to ~10°
heterotrophs g™ (Trust and Sparrow 1974, Yoshimizu et al. 1976a,b, Campbell and
Buswell 1983, Yano et al. 1995, Savas et al. 2005) and ~10° anaerobes g™ (Trust and
Sparrow 1974, Yoshimizu et al. 1976a,b, Kamel et al. 1985) have been reported with

numbers appearing to be much higher than those of the surrounding water.

Some differences have been considered to reflect seasonality, with maximum and
minimum counts occurring in summer and winter respectively (Yoshimizu et al.
1976a,b). An effect of water temperature on the size of the microflora has been reported
by Diler and Diler (1998). Seasona variation was attributed to the monsoon season,
with maxima and minimal populations (Maya et al. 1995). Also, the population
densities are likely to be influenced by the feeding regime, with fish receiving live feeds
having higher populations of microflora than those feeding artificial diets (Savas et al.
2005). Differences in population size have been detected in specific regions of the
digestive tract, even higher populations were observed in the digestive tract of juvenile
compared with adult of rainbow trout and Dover sole (Lee and Lee 1995, MacDonald et

al. 1986). In most of the cases anaerobes have been found in addition within the
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intestines (Sakata et al. 1978). It was observed that there was an increase in bacterial
populations, especialy of adherent organisms, along the digestive tract (Hansen et al.
1992). Of coursg, it is likely that many organisms in the digestive tract will have been
derived from the food. Some differences have been noted according to the feeding
pattern of fish, detritivorous fish possessed higher bacterial populations than filter
feeders (Baasubramanian et al. 1992).

Fish eggs may be populated by high numbers of bacteria (Y oshimizu et al. 1980). There
is evidence that adhesion and colonisation of the egg by bacteria occurs within a few
hours of fertilization (Hansen and Olafsen 1999). Undoubtedly, these organisms and
those of the food and surrounding water are important for the establishment of a
microflora in the digestive tract of fish larvae, incidentally, the digestive tract of newly
hatched larvae contains scant bacterial populations, but is quickly colonised (Ringa and
Birkbeck 1999).

(i) Surface microflora: The bacteria from the surface of freshwater fish have been
reported to include Acinetobacter johnsonii (Gonzalez et al. 2000), aeromonads
(notably A. hydrophila, A. bestiarum, A. caviae, A. jandae, A. schubertii, and
A. veronii biovar sobria (Gonzalez et al. 2001)), Alcaligenes piechaudii, Enterobacter
aerogenes, E. coli, Flavobacterium (Zmysdowska et al. 2001), Flexibacter spp.,
Micrococcus luteus, Moraxella spp., P. fluorescens, psychrobacters (Gonzalez et al.
2000), and V. fluvialis (Diler et al. 2000, Allen et al. 1983a, Christensen 1977). To
some extent, the presence of aeromonads reflected whether or not the water in which
the fish occurred was polluted or clean (Gonzalez et al. 2001).

(@it) Gill microflora: Yellow-pigmented, Gram-negative rods, especially Cytophaga
spp., dominate on gills (Trust 1975). Aeromonads, coryneforms, enterobacteria,
Gram-positive cocci, pseudomonads, and vibrios have aso been recovered from the
gills of healthy juvenile rainbow trout (Nieto et al. 1984).

(iii) Microflora of the digestive tract: A comparatively wide range of taxa have been
associated with the digestive tract of adult freshwater fish which include
Acinetobacter, Enterobacter, Escherichia, Klebsiella, Proteus, Serratia (Trust
and Sparrow 1974), Aeromonas (Trust and Sparrow 1974, Yoshimizu et al.
1976a,b, Nieto et al. 1984, Ugagin 1979, Sakata et al. 1980), Mycoplasma
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(Holben et al. 2002), Clostridium (Trust and Sparrow 1974) and Fusobacterium
(Trust and Sparrow 1974, Ringg et al. 1995). Isolates have been identified by
microplate hybridization as A. caviae, A. hydrophila, A. jandael, A. sobria, and
A. veronii (Sugita et al. 1994). Alcaligenes, Eikenella (Lee and Lee 1995),
Bacteroides (Kamei et al. 1985, Sugita et al. 1991, 1997), Citrobacter freundii
(Apun et al. 1999), Hafnia alvel (Uggjin 1979), Cytophaga/Flexibacter (Nieto et
al. 1984), Bacillus, Listeria, Propionibacterium, Staphylococcus (Apun et al.
1999), Moraxella (Diler and Diler 1998), and Pseudomonas (Lee and Lee 1995,
Apun et al. 1999, Nieto et al. 1984, Y oshimizu and Kimura 1976). In one study
involving pike perch, it was concluded that Moraxella and Staphylococcus were
unigue to the habitat when compared with the digestive tract of other fish species
(Diler and Diler 1998).

(iv) Internal organs: The liver and kidney of healthy turbot have been found to be
populated by mostly Pseudomonas and Vibrio, including V. fischeri, V. harveyi,
V. pelagius, and V. splendidus (Toranzo et al. 1993). Similarly, Shewanella spp.
have been recovered from the internal organs (Decostere et al. 1996). The reasons
for the presence of some of these bacteria are unclear. Moreover, it is speculative

whether or not the fish are at the earliest stage of an infection cycle.

Three basic bacteria cell morphologies are spherical (coccus), rod (bacillus), and spiral
shaped (spirillum). Bacteria have a particular staining characteristic (Gram’s) referred to
as gram positive (blue) or gram negative (red or pink). Gram-positive organisms may
also be acid fast, which relates to the presence or absence of mycotic acid in the cell
wall. Most bacteria responsible for fish disease are gram-negative rods but some
pathogens that are gram-positive rods or cocci and a few that are acid-fast rods aso

cause disease in aguatic animals (Plumb and Hanson 2011).

1.3 Grossclinical signs of disease

Most bacterial disease show similar signs, especialy in fishes. Bacterial infection may
appear on the skin or fins of fish, in the muscles and in the internal organs. In nearly all
cases, red spots, brown or black spots, or necrotic tissues can be observed. Inflammation
may also occur. Proper identification of the causative agent is important to ensure
successful treatment.
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The appearance of every sick fish tells a story, which fits into the proverbia jigsaw
pattern of disease diagnosis. Good observation uncovers many useful clues. To an
extent, the externa appearance of the animal may be ignored by the eager diagnostician
in the rush to attack the specimen with scalpel and swabs. Formalin and bacteriological
media may be the order of the day. Of course, the same is not true elsewhere in
veterinary and human medicine where diagnosis is often achieved by apparently cursory
glances at the wretched individual (Austin and Austin 2012).

According to Austin and Austin (2012) fish may display many behavioural and physical
changes, some of which give valuable clues as to the nature of the disease. It should be
emphasised, however, that many symptoms are common to a multitude of bacteria
diseases. Consequently, in the following discussion symptoms have been categorised in
clear groups rather than splitting them into a plethora of esoteric detail. Thus, many

external signs of disease are recognised, and include:

Sluggish behaviour; twirling, spira or erratic movement; faded pigment; darkened
pigment/melanosis;, eye damage- exophthalmia (‘pop-eye’)/corneal opacity/rupture;
haemorrhaging in the eye; haemorrhaging in the mouth; erosion of the jaws/mouth;
haemorrhaging in the opercula region/gills; gill damage; white nodules on the gills/skin;
white spots on the head; fin rot/damage; haemorrhaging at the base of fins;
haemorrhaging on the fins; tail rot/erosion; saddle-like lesions on the dorsal surface
(columnaris, saddleback disease); distended abdomen developing into a distinct
bloating; haemorrhaging on the surface and in the muscle; necrotising dermatitis; ulcers,
external abscesses; furuncles (or boils); blood- filled blisters on the flank; protruded
anus/vent; haemorrhaging around the vent; necrotic lesions on the caudal peduncle;
emaciation (this should not be confused with starvation); inappetence; stunted growth;
sloughing off of skin/external surface lesions; dorsal rigidity.

1.3.1 Internal abnormalities relevant to bacterial fish pathogens (after Austin and
Austin 2012) appar ent during post-mortem examination

The abnormalities include the following:

Skeletal deformities; gas- filled hollows in the muscle; opaqueness in the muscle; ascitic
fluid in the abdomina cavity; peritonitis, petechia (pin-prick) haemorrhages on the
muscle wall; haemorrhaging in the air bladder; liquid in the air bladder; white nodules

(granulomas) on/in the internal organs, yellowish nodules on the internal organs,
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nodules in the muscle; swollen and/or watery kidney; false membrane over the heart
and/or kidney; haemorrhaging/bloody exudate in the peritoneum; swollen intestine,
possibly containing yellow or bloody fluid/gastro-enteritis; intestina necrosis and
opagueness, hyperaemic stomach; haemorrhaging in/on the internal organs; brain
damage; blood in the cranium; emaciation; pale, elongated/swollen spleen; pae
(possibly mottled/ discoloured) liver; yellowish liver (with hyperaemic areas); swollen

liver; generalised liquefaction; the presence of tumours.

1.4 Fish pathogenic bacteria and human health

Numerous bacterial species inhabit the aquatic environment, many of which are
essential to the balance of nature with no direct consequence in fish disease. However,
some 60 to 70 bacterial species are capable of causing disease in aquatic animals,

several of these are also infectious to humans (Plumb and Hanson 2011).

Human infections caused by pathogens transmitted from fish or the aquatic environment
are quite common depending on the season, patients’ contact with fish and related
environment, dietary habits and the immune system status of the exposed individual.
The bacterial species which are facultatively pathogenic for both fish and man may be
isolated from fish without apparent symptoms of disease. The infection source may be
fish kept either for food or as a hobby (Acha and Szyfres 2001).

Novotny et al. (2004) gave an overview on significant bacterial causative agents of
human diseases transmitted from fish used as food or by handling them. Human
infections and intoxications with the following bacteria have been recorded:
Mycobacterium spp., Streptococcus iniae, Photobacterium damselae, V. alginolyticus,
V. wulnificus, V. parahaemolyticus, V. cholerae, Erysipelothrix rhusiopathiae, E. coli,
Aeromonas spp., Salmonella spp., Staphylococcus aureus, Listeria monocytogenes,
Clostridium botulinum, C. perfringens, Campylobacter jejuni, Delftia acidovorans,

E. tarda, Legionella pneumophila, and Plesiomonas shigelloides.

Mycobacteriosis is particularly significant among infections transmissible from fish to
human beings, is a chronic progressive disease of fish spread all over the world,
affecting sea, brackish and fresh water fish kept as in aquacultures, as in aquariums and
free nature (Wolf and Smith 1999). Wayne and Kubica (1986) isolated many
mycobacterial species, both rapid and slow growing, from affected fish tissues, and
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S iniae causes meningoencephalitis and death in cultured fish species (Bercovier et al.
1997). This species may also be an emerging human pathogen associated with injury

while preparing fresh aquacultured fish.

V. wulnificus is a Gram-negative bacterium which comprises two biotypes (Tison et al.
1982), biotype 1 is an opportunistic human pathogen and biotype 2 was considered as an
obligate eel pathogen. The bacterium is also an opportunistic pathogen for humans
(Amaro et al. 1995) and can be transmitted by water (Amaro and Biosca 1996). The risk
factors for severe V. wulnificus infections are chronic hepatic disease or
immunodeficiency in patients (Ito et al. 1999, Osawa et al. 2002).

Aeromonas spp. has been recognized as potential foodborne pathogens for more than 20
years. Aeromonads are ubiquitous in fresh water, fish and shellfish, and aso in meats
and fresh vegetables (Isonhood and Drake 2002). The organism is very frequently
present in many food products, including raw vegetables, and very rarely has a case
been reported. Asepsis caused by Aeromonas is indeed dangerous (Lehane and Rawlin
2000). The same Aeromonas species (primarily A. hydrophila HG1, A. veronii biovar
sobria HG8/10, and A. caviae HG4) can cause self-limiting diarrhoea, particularly in
children (Kirov et al. 2000).

V. cholerae is often transmitted by water but fish or fish products that have been in
contact with contaminated water or faeces from infected persons aso frequently serve as
asource of infection (Kam et al. 1995, Colwell 1996, Rabbani and Greenough 1999).

C. perfringens, an important cause of both food poisoning and non-food-borne
diarrhoeas in humans, was found in a number of fish owing to contamination with

sewage, which is the main source of this organism (Chattopadhyay 2000).

Wachsmuth and Morris (1989) confirmed the genus Shigella is specific host-adapted to
humans and higher primates, and its presence in the environment is associated with
faecal contamination. Shigella spp. is the cause of shigellosis (earlier name was

bacillary dysentery), causing infection of the gut.

Environment is recognized as a huge reservoir for bacterial species and a source of
human pathogens. Some environmental bacteria have an extraordinary range of

activities that include promotion of plant growth or disease, breakdown of pollutants,
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production of origina biomolecules, but also multidrug resistance and human
pathogenicity. The versatility of bacterial life-style involves adaptation to various
niches. Adaptation to both open environment and human specific niches is a major
challenge that involves intermediate organisms all owing pre-adaptation to humans.

However, reducing the environment to three general elements (water, air and soil), as
opposed to the human niche, leads to the conceptual error of medical microbiology,
which is to consider the environment as an abstract entity merely surrounding human
beings. In fact, our environments are multiple and essentially biotic and environmental
opportunistic bacterial pathogens (OBPs) naturally have a community lifestyle
associated with various other organisms, which are called shelter organisms (Jackson
et al. 2011). In both water and soil, bacteria are sheltered by invertebrates, plants and
protozoa, which are recognized as hotspots for genetic exchanges and the emergence
of pathogens (Jackson et al. 2011, Moliner et al. 2009). Given the current and ancient
predominance of protozoa, plants and invertebrates, it is likely that bacterial
interactions with shelter organisms are not only a present source of human pathogens
but have also shaped bacterial evolution. Bacteria sheltered by invertebrates, protozoa
and plants are equipped with factors that overcome the innate defenses of their hosts.
These factors might secondarily be useful for the adaptation of OBPs to human beings
and might also further the spread of novel virulence factors into existing mutualist or
pathogenic bacteria (Waterfield et al. 2004). Hence, environmental hotspots of
emergence and pre-adaptation, acting as genetic melting pots, are referred to as
‘nurseries’ for human OBPs (Greub and Raoult 2004, Scully and Bidochka 2006, Berg
et al. 2005). The genus Pantoea among others, entertain bivalent interactions with
both plants and human tissues (Rezzonico et al. 2009).

Regarding their pathogenicity towards human beings, bacteria are commonly
classified as true (or strict) pathogens and opportunistic (or facultative) pathogens.
OBPs can cause infections in patients with underlying conditions such as indwelling
devices (Curtis 2008) or diseases such as cystic fibrosis (CF) (Guss et al. 2011). More
generally, OBPs can cause disease when the host’s resistance is low, whatever the
reason and the duration of the host’s failure. This is particularly true for healthcare-
associated infections (HAIs), which cause added mortality and healthcare costs in
developed countries (Klevens et al. 2007), and increase the burden of resource use in
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the strained healthcare systems of developing countries (Lynch et al. 2007). In the last
two decades, the impact of HAI and other opportunistic infections has notably
increased; many OBPs are now being considered as emerging pathogens. Therefore,
understanding the behavior and evolution of opportunistic pathogens remains a major
medical challenge (Aujoulat et al. 2012).

The genera Pseudomonas, Aeromonas and Ochrobactrum provide valuable examples of
opportunistic behavior associated to particular genomic structure and evolution
(Aujoulat et al. 2012). The pragmatic approach for predicting and preventing pathogen
emergence is based on epidemiological surveillance. In the future, the abundance of
microbial genomic data, with an emphasis on comparative genomics, should give us a
better understanding of evolution, micro-evolution and adaptation in OBPs. Hopefully
thiswill identify traits common to all OBPs, alowing for better surveillance, prevention

and treatment of the infections they cause.

Besides human and other mammals’ microbiota, the environment is a huge reservoir for
human pathogens. Water-, soil- and airborne pathogens, whether strict or opportunistic,
represent major sources of human infections, either directly or when mediated by
vectors such as food and medical devices. For instance, waterborne microbial diseases
remain the leading cause of death worldwide with expanding spectrum and increasing
incidence (Theron and Cloete 2002). The water-associated infectious risk is greatest for
water in the close environment of human beings, such as drinking water, domestic
water, recreational water and water used in healthcare. Besides the main waterborne
‘true’ pathogens, bacteria from aquatic habitats are frequently involved in opportunistic
infections and HAs (Sobsey and Pillai 2009).

Human pathogens recovered from fish tissue: Attention has focused on the presence
of potential human pathogens in and around fish, namely Aeromonas spp., C. jeuni,
C. botulinum, C. perfringens, E. rhusiopathiae, E. tarda, L. pneumophila,
Mycobacterium spp., P. damselae, P. shigelloides, S aureus, S iniae, V. cholerae,
V. parahaemolyticus, and V. vulnificus (Novotny et al. 2004).

Some of the bacterial pathogens, their important characters and resulted disease found
widely in fish farms, are tabulated in Table 1.2.
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Table 1.2 Bacterial pathogens of fin-fishes and the diseases caused by them (after

Lipton et al. 1998).

Bacterial species Shape Size Disease
Gram negative pathogens
Vibrio anguillarum Curved rod 2.5-3.0x1.0 ym Vibriosis
Vibrio ordalii Rod 2.5-3.0x1.0 ym Vibriosis
Vibrio alginolyticus Rod 0.6 by 1.7 ymin the Vibriosis
logarithmic phase of
growth
Vibrio damsela Curved rod 25t03.0 ym Vibriosis
(comma) in diameter
Vibrio cholerae Curved rod length 1.4-2.6 um and Vibriosis
(comma) width 0.5-0.8 ym
Vibrio vulnificus Curved rod 0.5t00.8 pmin Vibriosis
diameterand 1.4t02.4
pmin length
Aeromonas salmonicida Rod 1.3-2.0by 0.8-1.3 pm Furunculosis
Aeromonas hydrophila Straight rod with  length 1.0-3.0 ym width Motile
roundedends  0.3-1.0 ym Aeromonad
Septicaemia
Pasteurella piscicida Rod length 1.0-4-0 um Pasteurellosis
width 0-5-0-8 ym
Providencia rettgeri Rod 0.5-0.8 ym Bacteria
Haemorrhagic
Septicaemia
Edwardsiella tarda Straight short ~ length 2-3 ym and Edwardsiellosis
rod diameter 1.0 ym
Edwardsiellaictaluri Rod 0.6by 1.2-1.5um Enteric
Septicaemia
Yersinia ruckeri Rod of 0.5-0.8 ym Enteric
inwidth and 1-3uym Redmouth
inlength Disease
Acinetobacter sp. Rod-shaped cells  rectangular structures Acinetobacteri-
revertedto cocci  were 0.1-0.2 ym in osis
by reduction- length
division when
irrigated with
starvation
Table 1.2 contd.
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Bacterial species Shape Size Disease
Pseudomonas anguilliseptica Rod shapeda  0.7-0.9x1.9-2.3 ym at Pseudomonas
logarithmic logarithmic phase Septicaemia
phase
Pseudomonas chlororaphis Rod 0.5-1.0x1.5-5.0 ym Pseudomonas
Septicaemia
Pseudomonas fluorescens Rod 1x5.0-10.0 ym Pseudomonas
Septicaemia
Cytophaga psychrophila Rod 3.0-7.0 ym long and Bacteria
0.3-0.5 pm wide Coldwater
Disease
Cytophaga spp. Rod 2.0-4.0 ym Fin Rot,
Bacterial Gill
Disease
Flexibacter columnaris Rod 0.3-0.5 ym wide and 3- Columnaris
10 ym long
Flexibacter maritimus Rod 0.4-0.5 ym width and Flexibacteriosis
15 pym length
Soorocytophaga sp. Rod (variable)  length 1 ~2 pum, Salt water
width 0.4 ~ 0.6 um columnaris
Flavobacterium sp. Long rod 0.3-0.7 pm width and 5- Bacterial Gill
15 um length Disease
Gram positive pathogens
Renibacterium salmoninarum Rod (bean or 0.3-0.1pmby 1.0-1.5  Bacteria Kidney
pear shaped) pm Disease
Eubacterium tarantellus Rod 3.4-75x%0.3-0.7 um Eubacterial
Meningitis
Lactobacillus piscicola Rod 11-14x05-0.6 Pseudokidney
Disease
Saphylococcus epidermidis Coccoid 0.5to 1.5 umin Staphylococcosis
(spherical) diameter
Sreptococcus spp. lancet- 0.5and 1.25 um Streptococcal
shaped cocci in diameter Septicaemia
Clostridium botulinum Rod 0.5-2.0 ymin width, Botulism
1.6-22.0 uminlength
Myxococcus piscicola conical or flask-  1.0-2.0 um long and White Mouth
shaped 0.4-0.5 ymwide
Table 1.2 contd.
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Bacterial species Shape Size Disease

Acid fast pathogens

Mycobacterium marinum Rod 0.2t0 0.6 pmwidthand  Mycobacteriosis
1.0 to 10 pm length

Mycobacterium fortuitum Rod 0.2-0.8 ym by 1.0-10.0  Mycaobacteriosis
pm

Mycobacterium chelonel Rod about 1.0-25umlong  Mycobacteriosis
by 0.5 um wide

Nocardia asteroides Rod 2.0-3.0 yminlength Nocardiosis

Nocardia kampachi Rod 6.4-13.6 umin length Nocardiosis

1.5 Environment is a “Nursery” for emerging OBPs

Mutualist bacteria, also named commensal bacteria, members of the human microbiota,
are good candidates for becoming OBPs because they are already adapted to grow in
human beings, and to escape from and/or to be tolerated by the immune system. To a
lesser extent, the situation is similar for wild or domestic mammal s-associated bacteria
causing anthropozoonoses (Bengis et al. 2004, Cutler et al. 2010, Pearce-Duvet 2006).
Mutualist OBPs can escape from their original niche and cause a variety of infectious
complications by reaching sterile or atypical anatomic sites (Mitchell 2011). They can
also invade the niches, surpassing in number other members of the community, hence
inducing dyshiosis (=dysbacteriosis) and local infections. Pathogenicity of mutualist
strains is related to their strategies to effectively colonize their niche: strategies that can
later be opportunistically used for the invasion of other anatomic niches. In the case of
anthropozoonoses, large scale transmission between mammals or birds and humans can
select new or emerging virulence traits that may include increased invasiveness,
enhanced spread, toxin production or antimicrobial drug resistance (Cutler et al. 2010).
The maor diseases that have plagued humanity such as smallpox, influenza,
tuberculosis, malaria, measles and cholera have all evolved from zoonotic infections,
which shows the effectiveness in humans of virulence traits evolving over transmission
of anthropozoonoses (Bengis et al. 2004, Cutler et al. 2010, Pearce-Duvet 2006).
Human mutualist and anthropozoonotic agents will not be considered here except for
those that are primarily environmental bacteria. In Table 1.3 the magjor characteristics of
some selected OBPs are presented.
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Table 1.3 The mgor characteristics of the natural behavior of selected environmental
Opportunistic Bacterial Pathogen (OBP) (source: Aujoulat et al. 2012).

Environmental

Habitat/natural

Relationshipswith

Pathogenicity for

OBP host Lifestyle cells humans

Acetic Acid Food, Fruits, flowers Food processing  Extracellular HAI
Bacteria Midgut, salivary Freeliving Diverse mild infections

glands of flying Symbiotic inID and CF

insects Bacteremia

Chronic granulomatous
disease

Aeromonasspp.  Freshwater, Freeliving Extracellular Diarrhoea

chlorinated water Pathogen for fish, Wound infections

Polluted soils amphibian and Bacteremia

Nematodes mollusk

Mosquitoes

Leeches, mollusks

Fish, Amphibians,

Crustacean
Agrobacterium Rhizosphere Freeliving Extracellular HAI
radiobacter/ Plants Phytopathogenic  Plant transformation Diverse mild infections
Agrobacterium inID and CF
tumefaciens Bacteremia
Burkholderia Soil Freeliving Extracellular Infectionsin CF (ET-12
cepacia complex  Rhizosphere Plant-growth Facultative epidemic clone)

Plant promoting intracellular (plant, Chronic granulomatous

Amoeba Phytopathogenic  macrophage) disease

- Acanthamoeba
Chromobacterium Water and soil Freeliving Extracellular Serious or fatal
violaceum intropical and infectionsin ID and

subtropical children

ecosystems
Legionella Fresh water, Freeliving Facultative Serious or fatal
pneumophila chlorinated water Amoeba- Intracellular Pneumonia

Amoeba associated (Legionellosis)

- Acanthamoeba

- Naegleria

- Echinamoeba

- Hartmannella

Ciliata:

- Tetrahymena
Ochrobactrum Soil and polluted Freeliving Extracellular HAI

soils Dixeny with Diverse mild infections

Rhizosphere nematodes inID and CF

Plants Plant-growth Bacteremia

Insects promoter

Nematodes Nodule formation

in plant

Table 1.3 contd.
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Environmental
OBP

Habitat/natural

host Lifestyle

Relationshipswith
cells

Pathogenicity for
humans

Pseudomonas
aeruginosa

Photorhabdus
luminescens

Photorhabdus
asymbiotica

Serratia
marcescens

Stenotrophomonas
maltophilia

Fresh and Seawater Freeliving
Chlorinated water Amoeba-
Water distribution associated
systems (hospital,

domestic)

Pharmaceutical

water and antiseptics
Wastewater

Terrestrial wet

ecosystems

Polluted soils

Rhizosphere

Amoeba

- Acanthamoeba

Heterorhabditis
indica

Symbiosis

Unknown Non symbiotic

Plant (phloem)
Insect

Freeliving
Phytopathogen
Squash bug
(Anisatristis)

Natural water
Water distribution
systems (hospital,
domestic)
Pharmaceutical
water and antiseptics
Wastewater
Rhizosphere
Deep-sea
invertebrates

Food

Reptiles, mammals

Freeliving
Plant-growth
promoter

Extracellular
Facultative
intracellular in
amoeba

Extracellular

Facultative
intracellular in
macrophage

Extracellular

Extracellular

HAI
Wound infections
Burn infections

No

Serious soft tissue
infections
Bacteremia

HAI
Ocular infections

HAI
Infectionin CF

Note: HAI= Healthcare-associated Infections; ID= Immunodeficiency; CF= Cystic Fibrosis

Despite the existence of shelter organisms acting as relays throughout adaptation to

man, growth of bacteria of the same species or of the same genus in both

environmental and human niches is a magjor challenge. Bacterial genome analysis and

their comparative genomics reveal common traits in genome evolution, leading to

pathogenicity for human beings and/or to emergence of human OBPs (Aujoulat et al.

2012). The authors also stated that some species of environmental bacteria have an

extraordinary range of behaviors and activities, such as free life in water, breakdown
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of pollutants, production of original biomolecules, beneficial effects for plant growth
and health, phytopathogenic effects, association with animals and also multi-drug
resistance and human pathogenicity.

1.6 Pseudomonas aeruginosa, the Swiss Army Knife

P. aeruginosa is a mgor environmental-borne human OBP, able to live in a wide range
of aguatic and wet ecosystems such as rivers (Pellett et al. 1983), open ocean (Khan et
al. 2007), wastewater (Schwartz et al. 2006), and various terrestrial environments
including rhizosphere, soil from agricultural lands and hydrocarbon-polluted sites
(Dezid et al. 1996). P. aeruginosa is the third cause of HAISs. Its resistance to antibiotics
(Livermore 2002) and ability to thrive in wet environments have been related to its
nosocomial success. Aside from HALIs, P. aeruginosa causes a wide range of acute and
chronic human infections in predisposing situations such as chronic wounds, burn
wounds and chronic obstructive pulmonary disease, particularly in cystic fibrosis (CF)
patients. The colonization of this broad spectrum of habitats is enabled by metabolic
versatility and a high potential for adaptation to changing environmental conditions
(Frimmersdorf et al. 2010). The bacteria can use a variety of carbon sources, has
minimal nutrient requirements, utilizes nitrogen for anaerobic respiration in addition to
its preferential aerobic behavior and grows at temperatures up to 42°C. This versatility
is the result of genomic and evolutionary mechanisms leading to a highly flexible
repertoire of genes that ensure survival in diverse environments and expansion of niches
(Aujoulat et al. 2012).

1.7 Aeromonas hydrophila and itsrelatives

Aeromonas spp. are ubiquitous inhabitants of aquatic ecosystems such as freshwater,
coastal water and sewage (Monfort and Baleux 1990). They are increasingly being
reported as important pathogens for humans and for lower vertebrates, including
amphibians, reptiles, and fish (Janda and Abbott 1998). These bacteria have a broad host
range, and have often been isolated from humans with diarrhoea (Ishiguro and Trust
1981), as well as from fish with haemorrhagic septicaemia (Thune et al. 1993). The
pathogenesis, pathogenic mechanism, and virulence factors responsible for selected
Aeromonas infection in different species are not well understood. Strains isolated from
the environment do not seem to differ from strains isolated from cases of infection with

respect to the prevalence of virulence factors (Krovacek et al. 1994). However, it has
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been shown that certain species are more frequently isolated from patients with
diarrhoea as well as from diseased fish than from the environment (Kirov et al. 1994).

Aeromonads display a large spectrum of lifestyles from free-living freshwater bacteria
to symbionts of a variety of blood feeder organisms, to opportunistic pathogens of fish,
amphibians and human. The range of habitats is exceptionally wide, from hostile
environments such as polluted or chlorinated water, to nematodes, insects, fish and
mollusks, other animals and man (Janda and Abbott 2010). The genus is characterized
by alarge genetic and taxonomic diversity; to date 24 species. Three species A. caviae,
A. hydrophila and A. veronii, are responsible for more than 85% of animal and human
infections; while another, A. salmonicida, is restrictively involved in furunculosis of fish
(Janda and Abbott 2010). Human infections are extremely diverse but the most frequent
are skin and soft tissue infections (SSTIs), bacteremia and diarrhoea (approx. 90% of
aeromonoses), (Janda and Abbott 2010). The complete genome sequence of
A. hydrophila ATCC 7966T uncovered a broad metabolic capability and considerable
potential for virulence factors, confirming its status of emerging generalist opportunistic
pathogen, and earning it the nickname of ‘Jack-of-all-Trades’ (Seshadri et al. 2006).
Further genome sequences of closely related species are complete (A. veronii,
A. salmonicida) or in progress (A. caviae) and shed some light on genome evolution and
adaptation related to diverse behaviours.

Aeromonads are found primarily in freshwater where virtually all species of the genus
may be recovered. They have a sympatric lifestyle that favors horizontal genetic
transfers (HGTs) and high genetic diversity (Georgiades and Raoult 2010). Water is
the most frequent source of human infection, (i) either for SSTIs, mainly caused by
A. hydrophila and A. veronii, usually at a rare frequency, except in case of natural
disasters when water-borne SSTIs become explosively frequent (e.g., hurricane
Katrinain New Orleans in 2005, tsunami in Thailand in 2004, earthquake in Sichuan
in 2008) (Janda and Abbott 2010); (ii) or for digestive asymptomatic carriers and
gastroenteritis, mostly associated with A. caviae and A. veronii (Janda and Abbott
1998), A. caviae being particularly associated with the environment of human beings
since its density is greater in wastewater inflow than in outflow (Monfort and Baleux

1991); (iii) or for bacteremia, mainly caused by A.caviae and A. veronii, and
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indirectly associated with water through the gut from where these species originates
most frequently (Aujoulat et al. 2012).

Besides the well-known pathogens that belong to the Enterobacteriaceae family, some
members such as Providencia alcalifaciens, Klebsiella spp., Serratia spp. and
Citrobacter spp. have been implicated in human disease or can be the cause of
opportunistic infections including bacteraemia, meningitis, urinary tract infections and

wound infections, and are therefore important in clinical settings (Baylis et al. 2011).

1.8 Aquatic zoonoses

Lowry and Smith (2007) stated that there are some pathogens that are communicable to
humans from aquatic species via consumption and can also be encountered during
examination, handling, and treatment of aguatic species. The interaction of pathogens
between humans and aquatic species is complex because of the various routes of
transmission coupled with the fact that many of the zoonotic pathogens do not cause
disease in aguatic organisms. Thus, as unaffected carriers, seemingly healthy fish have
the potential to transmit pathogens to humans. It is aso possible for commensal
organisms that typically cause few problems for agquatic species to become a zoonotic
pathogen of humans. As a further complication associated with pathogen diagnosis in
fish, many clinical signs of the disease in agquatic species have little relevance to the
clinical signsthat develop in affected humans.

Austin and Austin (2012) stated that it should not be ignored that some fish pathogens
may also on occasion cause disease in humans. Fortunately, the incidences are low, but
culprits include: A. hydrophila (causing diarrhoea and septicaemias), E. tarda
(diarrhoed), M. fortuitum (mycobacteriosis, fish tank granuloma), M. marinum
(mycobacteriosis; fish tank granuloma), P. damselae (necrotising fasciitis, bacteraemia),
P. fluorescens (wound infections), S iniae (“mad fish disease”) and V. wulnificus

(wound infections).

With regard to infections acquired through handling of aquatic organisms, there are no
reported parasitic, viral, or fungal zoonoses that are derived from aquatic species
exclusively through a contact route. Bacteria are the primary causative agents for zoonotic
infections that develop from such contacts. Although most fish pathogens are Gram-

negative bacteria, both Gram-positive and Gram-negative bacteria are anong the potential
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zoonoatic pathogens that can be found in association with aquatic animals. Aeromonas spp.
are more commonly associated with freshwater species, whereas Vibrio spp. are generaly
associated with marine species of aguatic organisms. The bacteria that a veterinarian may
encounter are generally considered to infect humans opportunistically and diseases caused
by these bacteria develop sporadically or in immunocompromised individuals. Bacteria
are smply everywhere (Trust and Bartlett 1974). The world is full of bacteria; in fact, our

world would not exist as we know it without them.

1.9 Aetiology of human bacterial infections

Pathogenic and potentially pathogenic bacteria associated with fish and shellfish include
mycobacteria, S iniae, V. vulnificus and other Vibrio spp., aeromonads, Salmonella spp.
and others (Lipp and Rose 1997, Zlotkin et al. 1998, Chattopadhyay 2000). People most
often get infected by either direct contact to diseased fish or infected water, or by ora
consumption (Achaand Szyfres 2001).

A. Infection by contact:
i) handling infected fish;
i)  after injury by cleaning aquarium with bare hands (Alinovi et al. 1993);

iii) any type exposure to fish pond water (Kern et al. 1989), especialy handling
tropical fish ponds (Guarda et al. 1992);

iv) by contact with rare tropical fish (may carry infectious bacteria) (Bhatty et al.
2000);

v)  after injuries caused by fish spines (Said et al. 1998) or fish bite (Seiberras et
al. 2000);

vi) through contact with fish living in the wild habitat (Darie et al. 1993);

vii) by contact with a fresh- or salt-water environment (Hayman 1991, Jernigan
and Farr 2000);

viii) through processing fish in preparation of dishes and in food industry
(Notermans and Hoornstra 2000).

Y oung children who come to the contact of fish pond very often are infected (Bleiker et
al. 1996, Speight and Williams 1997).

B. Oral consumption: By consuming fish or related products or food contaminated

with water, or other components used in the process of preparation of products and food.
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Apart from factors relating to the living environment (exposure), the development of an
infectious disease is markedly affected by interna factors such as the physiological

status of consumer, particularly by immunosuppression and stress.

The disease in humans has three forms: (i) one of which is alocalized skin infection that
is generally associated with a wound, cut, or abrasion. This localized form is typically
associated with the extremities, primarily the hands and fingers; (ii) the second oneis a
diffuse cutaneous form, which is a progression of a localized infection to surrounding
tissues; (iii) the third form is systemic infection in which the heart and heart valves are

targeted, resulting in endocarditis.

From the standpoint of microbiology, fish and related products are a risk foodstuff
group. Particularly C. botulinum type E and V. parahaemolyticus rank among
pathogenic bacteria associated with fish. Other potentially pathogenic bacteria
associated with fish and shellfish include C. perfringens, Saphylococcus spp.,
Salmonella spp., Shigella spp., V. cholera and other vibrios. Outbreaks usually occur
due to the ingestion of insufficiently heat-treated fish or products contaminated
after/during their processing (Novotny et al. 2004).

1.10 Epizootiology

There has been a trend away from studying the ecology of fish pathogens, and in
particular determining their role/location in the aguatic environment. Work on the
NCBV state has largely ceased. This is a pity but undoubtedly reflects the lack of

research funding opportunities.

In the contemporary approach toward understanding communicable diseases,
epidemiology or epizootiology plays an important role in attempts to explain
relationships between the hosts, pathogens, environments, and outbreaks of diseases
(Wedemeyer et al. 1976) and the relationship can be represented in the form of an
equation: H+P+S=D (Snieszko 1978a). Where H represents the species and strain of
the host, its age, and inherited susceptibility to any particular disease; P represents the
pathogen causing the disease with al its variability; and S represents stress of the
environment. The square of S is used because the stress caused by environment
increases in geometrical progression when the conditions are approaching the limits of
tolerance by the host. The D represents the disease which resultsif the three components
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listed on the left side of the equation are in proper qualitative and quantitative
proportions. In discussing bacterial diseases of aguatic animals, the role of following

three factors must aways be considered.

If one takes into consideration the number of species of pathogenic bacteria and the
number of species of fish and shellfish that may become infected with these bacteria, the
number of bacterial species known to date is relatively small (Snieszko 1978d). The
specific susceptibility of aguatic animals to various bacteria can be observed only in the
speciesthat are cultured, or at least kept in captivity for awhile (Snieszko 19784).

Pathogenicity: There has been continual interest in the determination of pathogenicity
mechanisms with current focus placed on molecular approaches and the determination
of relevant, virulence genes. For the future, the data from bacterial genome sequencing
may be invaluable, especially as more and more taxa are examined. The reliance on the
study of single cultures continues, data from which are difficult to equate with an
understanding of pathogenicity at the species level. Inter-cell communication by quorum
sensing signal molecules (=acylated homoserine lactones, AHL) in the regulation of
some virulence factors is fascinating, with work revealing that AHLs are produced by
some Gram-negative bacterial fish pathogens, notably A. hydrophila, A. salmonicida,
Aliivibrio salmonicida, V. splendidus, V. vulnificus and Y. ruckeri (Bruhn et al. 2005).

In terms of pathology, there are basically two types of disease producing bacteria
infectious to fish: (1) Obligate pathogens and (2) nonobligate or facultative pathogens.
Although there are few true obligate pathogenic bacteria that cause fish diseases,
Renibacterium salmoninarum, the etiological agent of bacterial kidney disease, and
Mycobacterium spp. are examples rarely found in the absence of a host. However,
facultative bacteria survive indefinitely in natural waters, and when environmental
conditions are conducive, infectious fish diseases may result. A. hydrophila, a primary
bacterial species involved in the motile Aeromonas septicemia complex, is an example
of facultative bacteria (Plumb and Hanson 2011).

Fish bacterial infections can occur as a bacteremia, which implies the presence of
bacterial organisms in the blood stream without clinical infection, or as a septicemia,
which indicates that bacteria and toxins are actually present in the circulatory system

and usually precipitate disease and clinical signs. Inflammation, hemorrhage, and
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necrosis are clinical signs associated with septicemia. Pathogenic bacteria can cause
disease-producing exotoxins, which is generally characteristic, but not exclusively, of
gram-positive organisms. Pathogenic gram-negative bacteria produce either exotoxins or
endotoxins, which consist of proteolytic enzymes that kill host cells and cause necrosis
or make blood vessels more porous causing hemorrhage (Plumb and Hanson 2011).
Bacterial diseases are categorized according to fish species they infect, staining reaction

of the cell, or by bacterial family, genus, and species (taxonomic grouping).

The effects of environmental stress including physical and chemical pollution:
There is increasing concern about the possible role of pollution in disease, particularly
of wild fish stocks (Pippy and Hare 1969, Mahoney et al. 1973, Robohm et al. 1979).
Asthisisapolitically emotive issue, and particularly as the impact of climate changeis
in the public arena, there is likely to be an increase in monies available and, thus, a
stimulation of research interest. At present, there is considerable confusion over the
precise role of pollution and fish health (Bucke 1991, 1997). Nevertheless, there are
good data that long-term exposure to pollutants has adversely affected the health of fish.
However, mortalities among fish populations do not necessarily imply disease.
Furthermore, disease may develop long after the pollutant has been effectively removed
from the aguatic environment. Much of the work attempting to correlate fish disease
with aguatic pollution has resulted from surveys (Dethlefsen and Watermann 1980,
Dethlefsen et al. 1987, 2000, McVicar et al. 1988, Vethaak and ap Rheinallt 1992).
Briefly, fish are caught with nets, and the relative incidence of disease determined.
Larger numbers of diseased fish occur generally in the polluted compared to
clean/unpolluted locations (Dethlefsen et al. 2000). However, the distinction between
polluted and clean sites is imprecise. Therefore, there would be some uncertainty as to
what comprises a truly polluted or clean site. Moreover, it is uncertain from surveys
how long fish might have been in a polluted environment prior to capture. Thus, the
effects of fish migration on the incidence of disease needs to be considered (Vethaak et
al. 1992, Bucke et al. 1992, Jacquez et al. 1994).

Pollution has been associated with some bacterial diseases, namely fin and tail rot
(Vethaak 1992, Vethaak et al. 1996), gill disease/hyperplasia (Kirk and Lewis 1993) and
skin disease/ulceration (Vethaak 1992, Vethaak and Jol 1996). The trigger has been
attributed to stressors including contaminated diets (Landsberg 1995), heavy metals e.g.
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chromium (Radsaether et al. 1977, Prabakaran et al. 2006), hydrocarbons (Khan 1987,
Song et al. 2008), nitrogenous compounds, i.e. ammonia (Kirk and Lewis 1993) and
nitrites (Hanson and Grizzle 1985), pesticides (Voigt 1994), polychlorinated biphenyls
(Ekman et al. 2004), sewage (Austin and Stobie 1992), organic pollutants (Grawinski
and Antychowicz 2001) and unspecified pollutants (Vethaak and Jol 1996). Generally,
the reasons for the association between pollution and disease need to be better
researched. However, proof of correlation between the occurrence of specific pollutants
and disease has seldom been documented. Surveys, which have pointed to a correlation
between pollution and disease, have generally not considered the nature or concentration

of the pollutant(s).

There is accumulating evidence that contamination leads to a weakening of the
immune state, i.e. immunosuppression (Klesius and Shoemaker 2003). One example
describes the increased susceptibility of chinook samon from a contaminated
estuary to V. anguillarum (Arkoosh et al. 1998). Undoubtedly, the future will bring
further examples.

1.11 Control of disease

The development of effective disease control strategies is one aspect of bacteria fish
disease research that has resulted in substantial progress from new approaches to
vaccination (including genetic manipulation techniques), to the use of probiotics,
prebiotics, nonspecific immunostimulants and plant products. It is noteworthy that much
of thiswork is being carried out in less developed rather than western countries. These
newer approaches have been matched by a downturn of interest in the use of
antimicrobial compounds insofar as there is increasing concern about the development
and spread of resistance and thus a reduced efficacy against human pathogens, and
tissue residues. In many countries, there is evidence of a curb on the use of antimicrobial
compounds in al but human applications. However, it is accepted that elsewhere
antibiotics are used extensively in aquaculture, but beware of tissue residues if the
product is destined for export. In the years ahead, it is to be envisaged that there will be
ever-tighter regulations on the use of antimicrobial compounds in aquaculture (Austin
and Austin 2012).

Disease control strategies include better husbandry/management practices, consideration

of the use of genetically disease resistant fish strains when available, the use of suitable
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diets/dietary supplements, vaccines, non specific immunostimulants, probiotics,
prebiotics, natural plant products, antimicrobial compounds, water disinfection, and

prevention of/restriction in the movement of infected stock (Austin and Austin 2012).

It is worth remembering the age-old adage that ‘prevention is better than cure’, and
certainly it is possible to devote more attention to preventing the occurrence of disease
in fish. Thisis especialy true for farmed fish, which tend to be at the mercy of al the
extremes which their owners are capable of devising. Principaly in the industrialized
nations, farmed fish are subjected to questionable water quality and high stocking
regimes. These are among the known prerequisites for the onset of disease cycles. Yet,
the owners are among the first to seek help if anything adverse happens to the valuable
stock. Fish may be reared under ideal conditions, in which case, the stock are inevitably
in excellent condition without signs of disease. Careful feeding regimes are adopted, and
the stocking levels are comparatively low. Much attention has been devoted to control
measures. These have been categorised in Table 1.4. Although most emphasis has been
placed on aguaculture, some effort has gone towards considering disease in wild fish
stocks.

Table 1.4 Methods of controlling bacterial fish diseases (source: Austin and Austin

2012).
Classification of fish stocks Disease control measures
Wild Control of pollutants (water quality)
Farmed 1 Adequate husbandry/management practices

2 Useof genetically resistant fish strains

w

Suitable diets and where appropriate, use of
dietary supplements

Use of vaccines

Use of nonspecific immunostimulants
Use of probiotics/biological control

Use of prebioticsymedical plant products

Use of antimicrobial compounds

© 00 N o O b

Water treatments

10 Preventing the movement of infected stock
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The culture of finfish and shellfish are often threatened by disease causing bacteria. At
times it is difficult to distinguish between infection with a pathogen and disease that
may result from such infections. In addition, the stressed animals (physiological or
environmental) are easily predisposed to encounter bacterial infections as well as
diseases (Lipton et al. 1998).

The first step towards prevention and control a disease is to thoroughly understand the
infectious agent/pathogen (Lipton et al. 1998). Retrospective work on bacteria fish
pathogens carried out by different authors have indicated that 12 genera of Gram
negative and 7 genera of Gram positive, in addition to 2 genera of acid fast bacteria are
major bacterial fish pathogens. The list of bacteria fish pathogens and the diseases they
cause aregivenin Table 1.2.

To ensure enhanced fish production it is needed to prevent and control all sorts of
diseases and disease making factors that hamper the water quality as well as fish health.
The basic knowledge about disease control depends on severa subjects, viz. disease
causing agents, how they enter into the host body, kinds and site of attack, pathogen
recognition and their physiology, pathogenesis etc. Another important factor about
disease control is response factors of the organism, such as, immune response and

immunity, defense mechanism, ability to accumulate treatment etc.

Innate immune response is a primitive form of defense mechanism is a complex
system which, in vertebrates, is composed of cellular and humoral responses. The
teleost fish, has an innate immune component that shows considerable conservation
with higher vertebrates particularly in mammals highlighted by the presence of
orthologous pathogen/pattern recognition receptors (PRRs) and stimulated cytokines
(Aoki et al. 2008).

Innate immunity is the first line of defense against infection and is regarded as the
primeva and hence the universal form of host defense (Janeway and Medzitov 2002).
Recent data suggests that animals acquire it as a product of convergent rather than
divergent evolution (Ausubel 2005). Common features of the system across species
include conserved receptors for microbe-recognition, antimicrobial peptides and
mitogen-associated protein kinase signaling cascades. Innate immunity is generally

subdivided into two parts, the cellular and humoral defense responses. Cellular
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responses include the physical barrier such as mucous and epithelial tissues lining the
skin, gills and stomach, which keeps infectious microorganisms from entering the body,
and specialized cells (like monocytessmacrophages, granulocytes and nonspecific
cytotoxic cells) capable of killing and digesting pathogens if the latter breaches the
physical barriers (Aoki et al. 2008). These cells are recruited in the infection site
primarily by inflammatory cytokines (Aoki et al. 2008). Humoral responses, on the
other hand, employ a variety of proteins and glycoproteins capable of destroying or
inhibiting growth of infectious microorganisms, which include among others anti-
bacterial peptides, proteases, complement, transferrins and the antiviral myxovirus
resistance-1 protein (Mx1) (Aoki et al. 2008).

In mammals, innate immunity is triggered by the recognition of conserved microbia
products by receptors generally caled pathogen recognition receptors or pattern
recognition receptors (PRRs). These molecules can distinguish ‘infectious nonself’ from
the ‘noninfectious’ self. PRRs, which include both extracellular and cytosolic
recognition, mediate several pathways that give rise to the production of inflammatory
cytokines and interferons (Lee and Kim 2007). In teleost fish, such mechanisms are
believed to be conserved mainly because of the presence of PRR and cytokine orthologs
(Plouffe et al. 2005, Stein et al. 2007). Furthermore, microarray analysis has revealed
transcriptional modulation of various cloned fish PRRs and cytokines following
bacterial agents (Kurobe et al. 2005, Gerwick et al. 2007, Peatman et al. 2007, 2008).
On the other hand, increasing evidence aso shows that there are molecules and
mechanisms that are specific to teleost fish (Plouffe et al. 2005, Stein et al. 2007).

In comparisons of these with the known molecules and mechanisms in mammals, in the
absence/limited functional information in teleost fish, as well as highlight recent and
growing innate immune functions that are teleost fish-specific and perspectives on the
basic study of fish immunology and the techniques that would help produce this
knowledge, as well as the possible applications that could be generated for the
improvement of aquacultural productivity (Aoki et al. 2008).

Knowledge of bacterial diseases would have little practical value if it did not result in
improved control of these diseases. In control of fish diseases, one should avoid ideas

based too much on anaogies with diseases of humans and domestic animals. Fish and

36



General Introduction

shellfish are aquatic and poikilothermic, and these are important differences (Snieszko

1978a) for planning disease control techniques.

For controlling bacterial diseases in fish some biotechnological methods are presently
used and new ones are in the production queue. The important biotechnological methods
in controlling bacteria diseases include: development of bacterins/vaccines and also non

specific immunostimul ants.

Bacterins/vaccines: A vaccine could be defined as a substance that causes a specific
immune response. Vaccination as a part of standard fish culture programme is relatively
new athough the impact of vaccination is found to be dramatic. For example, the
culture of salmon in brackish water and marine environment was made possible by
usage of the Vibriosis vaccine, which led to a great expansion in pen-rearing of Atlantic
salmon in Norway and Chile (Leong 1993).

Considering the importance of vaccination, biotechnologists are trying to develop sub-
unit vaccines, i.e., vaccines consisting of the major protective antigens of the pathogen.
These types of sub-unit vaccines have evident advantages. The important advantage is
that the vaccine contains only a component of the pathogen and is therefore, more
chemically defined and likely to be more stable. The other advantage is that the vaccine
can be produced by direct synthesis or recombinant DNA technology. Thus, these
vaccines may be genetically engineered to express further protective antigens from other
fish pathogens and thus yield multivalent vaccines (Lipton et al. 1998).

Immunostimulants. Immunostimulants are substances which elicit non-specific
defense mechanisms and enhance the barrier of infections against pathogens. They are
isolated from natural sources and then synthesized chemically. Cell wall preparations
from bacteria, fungi, mushrooms and yeast are rich sources of immunostimulants
(Lipton et al. 1998). They exist in various structural forms. The possible uses of
immunostimulants in managing diseases on fish and shellfish have been initiated
recently. Some of the common immunostimulants include: Glucans, Lectins,
Lipopolysaccharides (LPS) from bacterial cell wall and wheat germ agglutinins, which
arelistedin Table 1.5.
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Table 1.5 List of some common non-specific immunostimulants (source: Newman and

Deupree 1995).

Compound Animalstested Results
Glucans Prawns Very short term

Salmonids Used in conjunction with alum and

bacterins
Ictalurids Intermediate term

Peptidoglycans Fish Short term
Lipopolysaccharides Larval juvenile and Adult 45-120 days

shrimp/fish
Levamisole Fish Modest immunostimulatory protection
Quarternary Ammonium Fish Modest immunostimulatory protection
Compound (QAC)
ISK Fish Modest immunostimulatory protection
Henbane Fish Modest immunostimulatory protection
Ascogen Fish Modest immunostimulatory protection

Immune enhancers are bacterial growth inhibitors which compete with pathogenic
Aeromonas or Vibrio for iron (Lipton et al. 1998). They are also capable of preventing
attachment of bacteria to the gut. If the bacteria cannot attach in the gut and multiply,
they cannot secrete toxins or enter the blood system. In addition, they make bacteria to
clump together which are easily expelled from the digestive system (Lipton et al. 1998).
The enzymes are capable of destroying the bacteria cell walls and membranes

selectively without damaging host cells.

The immunostimulants have several advantages:

i) being natural products, thereis no environmental hazard and
ii) unlike vaccines, which give protection to a specific pathogen, immunostimul ants

provide awide range of protection against several pathogens.

Most of the immunostimulants can be synthesized and the problem of residual effect on

shrimps or fish is not encountered.
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It is always desirable to prevent disease outbreaks and minimize the presence of
pathogens rather than to treat the epizootics, once they occur. This approach is
particularly important and less expensive since it can result in reduced dependence on
antibiotics and other antibacterial compounds. In order to determine the cause of disease
outbreak, a variety of standardized procedures are available to identify and isolate the
bacterial pathogens. The methods are labour-intensive, expensive and time consuming.
Considering the potential pathogenic dimensions, the following criteria provided by
Lipton et al. (1998) are to be fulfilled before taking up further management aspects:

i) What is the senstivity, accuracy, speed and cost compared to other
procedures?

i) Can thetest be used in presumptive and/or confirmatory application?

iii) Can the test be adapted to simple field surveillance application or does it
require complex laboratory facilities and equipments?

iv) Can the test be micro-modified or automated and inexpensive handling of
large number of individuals and small volume samples?

v) Doesthetest require adestructive or a non destructive sample?
vi) Doesthetest require qualitative and/or quantitative results?

vii) How well do the results obtained correlate with the clinical status of the fish?

1.11.1 Vaccine and vaccination

Fish farming takes place in open waters where fish pathogens are already present. Under
such conditions, avoidance is not possible, and use of chemotherapeutic drugs is
expensive and transitory. Immunization is a recent and growing control measure that is

proving highly promising (Anderson 1974, Fryer et al. 1976).

It is well known that the appearance and development of a fish disease process is the
result of the interaction between pathogen, host, and environment. So, only
multidisciplinary studies involving knowledge of the characteristics of the potential
pathogenic microorganisms for fish, aspects of the biology of the fish hosts, aswell as a
better understanding of the environmental factors affecting them, will alow the
application of adequate measures to prevent and control the main diseases limiting the
production of freshwater and marine fishes. Regarding the infectious fish diseases
caused by bacteria, although pathogenic species have been described in the majority of

the existing taxonomic groups, only a relatively small number are responsible for
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important economic losses in the extensive cultures worldwide (Toranzo et al. 2009).
The authors stated that vaccination is becoming an increasingly important part of
aquaculture, since it is considered a cost effective method of controlling different
threatening diseases. The term vaccination strategy has been defined to include the
decision as to which diseases to vaccinate against, as well as the vaccine type,
vaccination method, the timing of vaccination and the use of revaccination. One
important consideration for development and commercialization of vaccines includes
the application methods and procedures that can be integrated into the normal
production protocols of the target fish species that are relevant to the typical ecology
and epidemiology of the disease (i.e. seasonal occurrence, fish size, host and geographic
range of the disease). Before attempting any vaccination strategy, it is important to
determine when the immune system is both morphologically and functionaly mature
(Toranzo et al. 2009).

There are many approaches, which need to be adopted in order to control bacterial
disease in farmed fish (Table 1.4). These will be explained separately below.

(i) Husbandry/management
To reiterate a previous point, it is a common problem that under severe economic
pressures, the aquaculturist is tempted to produce the maximum yield of fish in afinite
volume of water. Some sympathy must be directed towards the fish farmers especially
when prices paid for the stock are low and profit margins are inadequate. The
underlying problem is that within intensive cultivation systems, the fish may be
‘stressed’ beyond the limit commensurate with the production of healthy specimens.
The stocking density may be too high, and it has been suggested that reducing the
stocking density when water temperatures are high may well prevent some diseases.
Stress may be compounded by other inappropriate management practices, in which
aeration and water flow are insufficient, overfeeding occurs, and hygiene declines below
the threshold at which disease is more likely to ensue. It may need only one individual
to act as a reservoir of infection to the rest of the stock. Unsatisfactory occurrences,
which are readily controlled, include:

* the accumulation of organic matter, namely faecal material and uneaten fish

food, within the fish holding facilities,

» the presence of dead fish for prolonged periods (= bad sanitation);
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» the accumulation of a biofouling community, i.e. algae and slime, in the fish
tanks, and the problem associated with the collapse of blooms resulting in the
release of toxic materials,

» the depletion of the oxygen content of the water with a concomitant increase in
nitrogen levels, especially as ammonium salts;

» thelack of proper disinfection for items entering the fish holding facilities.

Good basic hygiene (water quality) and farm husbandry practices may successfully
aleviate many of the problems attributed to disease.

ii) Disinfection/water treatments

Apart from the use of antibiotics and related compounds, the application of other
chemicals to water as disinfectants is effective for disease control. Such chemicals
include benzalkonium chloride, chloramine B and T, chlorine, formalin and iodophors.
Another approach is to ater (increase or decrease, according to the season) the

temperature of water within fish holding facilities.

iii) Genetically resistant stock

This is a topic worthy of greater attention, insofar as there are numerous observations,
which point to the value of genetically resistant strains or selective breeding for
reducing the problems of disease. Comparative studies need to be carefully controlled so
that meaningful results are obtained. It is obvious that the breeding of disease-resistant
fish may be a vauable addition in the armoury of disease control in aguaculture.
However, in fish farming where more than one disease is prevalent, it is not necessarily
the case that a fish strain which is resistant to one disease, would similarly show
resistance to others. Nevertheless, we consider that disease-resistant strains of fish have
potential for areas in which diseases are enzootic. Further effort is clearly required to
bring the concept to fruition.

iv) Adequate dietg/dietary supplements

An area of comparatively recent interest is that of dietary influence on fish health. The
precise nutritional value of commercial feeds is largely unknown. Could essential
nutrient be lacking, or other compounds be present in dangerous excess? The answers
are largely unknown, although it has been established that some dietary supplements
may be beneficial for maintaining the health of fish. For example, Ketola (1983)

highlighted a requirement for arginine and lysine by rainbow trout fry, with fin erosion
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resulting from a deficiency of lysine. Medicinal plants and plant products are
increasingly considered for use in aguaculture, and the evidence points to improvement
in health.

v) Vaccines

The rationale for the development of fish vaccines parallels that of other aspects of
veterinary and human medicine, i.e. a Utopian desire to rid fish stocks of disease
coupled with a healthy regard for profit. In practical terms, the aguaculturist needs to
control specific diseases which may be financially crippling in terms of high mortalities.
From the opposite viewpoint, the vaccine manufacturer needs substantial (perhaps even
multinational) markets in order to ensure profitability of the products. A complicating
factor concerns cost of the vaccines to the user. Generally, fish farmers who produce
fish for human consumption demand inexpensive, easy-to-use, reliable products;
whereas the vaccine supplier needs to charge high fees, which are sufficient to recoup
developing and licensing costs, pay current expenses and invest for the future. This
difference in opinion between user and supplier may lead to difficulty. Moreover, with a
comparatively small aquaculture industry, private vaccine manufacturers are likely to
invest resources only in developing vaccines against diseases which are prevalent in
many countries, rather than those restricted to small geographical areas or representing
novel and emerging conditions. This attitude undermines the whole basis of
prophylaxis. No easy solution is envisaged unless research costs are supported by public

monies or even from the aquaculture industry itself.

vi) Composition of bacterial fish vaccines
The composition of bacterial fish vaccines may be categorised as follows:

e Chemicaly or heat-inactivated whole cells. These vaccines may be mono- or
polyvaent. Essentially, these are the simplest, crudest and cheapest forms of fish
vaccines.

* |nactivated soluble cell extracts, i.e. toxoids.
o Cdl lysates.

» Attenuated live vaccines (LaFrentz et al. 2008), possibly genetically-engineered
cells. These would be unacceptable to some regulatory authorities because of the
perceived risk that the vaccine strain may revert to a pathogenic mode.
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» Attenuated live, heterologous vaccines. An example is Bacillus Calmette and
Guerin (BCG), which is alive attenuated Mycobacterium bovis product, and
protected Japanese flounder against mycobacteriosis (Kato et al. 2010).

» Subunit vaccines, e.g. the genes product of the tapA gene for the control of
A. salmonicida infections (Nilsson et al. 2006).

* DNA vaccines (Pasnik and Smith 2006, Jiao et al. 2009, Sun et al. 2010).

e Purified sub-cellular components, eg. glyceraddehyde-3-phosphate
dehydrogenase (GAPDH), OMP and LPS. These vaccines require a detailed
understanding of microbial chemistry, aspects of which are deficient for many of
the bacterial fish pathogens.

e Serum, for passive immunisation (Shelby et al. 2002). This is largely of
academic interest only, insofar as it is difficult to envisage use of the technique
in the fish farm environment. A possible exception isfor brood stock or pet fish.

* Mixtures of the components, detailed above.

It is difficult to identify any particular type of preparation which excels in terms of
protection. Generaly, the simplest approach of using inactivated whole cells has
received greatest attention. This technique has been successful with a wide assortment
of pathogens, including A. hydrophila, E. ictaluri, F. columnare, P. damselae subsp.
piscicida, V. anguillarum, V. ordalii, Aliivibrio salmonicida and Y. ruckeri. Indeed with
these pathogens (except V. anguillarum and V. ordalii), whole cell vaccines gave
superior results to other more complex forms of vaccines (Austin 1984a). However,
even the best vaccines do not completely prevent the occurrence of disease,
necessitating the use of costly drugs to combat low levels of infection. Clearly, more
research is needed, particularly in determining the precise nature of the protective
antibody and of the important antigens. With this information, it may be possible to
synthesise the antigens or use genetic engineering techniques to create vaccine strains

suitable for inactivation in straightforward ways.

A potentially exciting and relevant development has involved the realization that some
molecules may have broad spectrum use as vaccine candidates by offering protection

against arange of pathogens.

vii) Antimicrobial Compounds
There is a trend away from the use of antimicrobial compounds in al non-human
applications. Certainly, the use of antimicrobial compounds in fisheries remains a highly
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emotive issue in which the possibility of tissue residues and the development of
bacterial resistance feature prominently in any list of complaints. It is astounding that so
many compounds have found use in aquaculture (Snieszko 1978b, Herwig 1979, Austin
1984b). The complete list reads like an inventory from any well-equipped pharmacy.
Antibiotics, many of which are important in human medicine, appear side by side with
compounds used almost exclusively in fisheries. In many instances, the introduction of a
compound into fisheries use has followed closely after the initial use in human
medicine. Perhaps in retrospect, it is surprising that there has not been any significant
furore from the medical profession about, what could be perceived as, misuse of
pharmaceutical compounds. Unfortunately, any backlash may come in the foreseeable
future; therefore, it isin the interest of aquaculture that antimicrobial compounds should
be carefully used.

Whatever the range of compounds available, their effectiveness is a function of the
method of administration to fish (and in the way in which it is carried out). There are as
many as seven basic approaches to the administration of antimicrobia compounds to
fish (Table 1.6). These are the ora route via medicated food and bioencapsulation, bath,
dip and flush treatments, injection and topical application. With the oral method, drugs
are mixed with food, and then fed to the fish. Usually, the treatment regime leads to the
administration of a unit weight of drug to a standard weight of fish per day for a pre-
determined period. Examples of commonly used antimicrobial compounds have been
included in Table 1.7. Fortunately, medicated food appears to be quite stable
(McCracken and Fidgeon 1977). Moreover, this method is advantageous insofar as the
guantities of compound fed to the fish are carefully controlled, and if sensible feeding
regimes are adopted, only minima quantities would reach the waterways. Three
provisos exist, namely that:

» thefish are capable of feeding,

» thedrugispalatable,

» thedrugis capable of absorption intact through the gut.

Whatever the chosen method of application, drugs may be used for prevention, i.e.
prophylaxis, or treatment, i.e. chemotherapy, of fish diseases. Certainly, it is comforting
to note that there are treatments available for the magjority of the bacteria fish
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pathogens. Providing that drugs are used prudently and correctly, they will continue to

offer relief from the rigours of disease for the foreseeable future.

Table 1.6 Methods for application of antimicrobia compounds to fish (source: Austin

and Austin 2012).
M ethods of
S Comments
application
Ord route (onfood) Need paatable components; minima risk of environmental
pollution
Bioencapsulation Need palatable compounds, minima risk of environmental
pollution
Bath Need for fairly lengthy exposure to compound, which must be

soluble or capable of being adequately dispersed; problem of
disposal of spent drug

Dip Brief immersion in compound, which must be soluble or capable
of being adequately dispersed; problem of disposal of dilute
compound

Flush Compound added to fish holding facility for brief exposure to

fish; must be soluble or capable of being adequately dispersed;
poses problem of environmental pollution

Injection Feasible for only large and/or valuable fish; usually requires
prior anaesthesia; slow; negligible risk of environmental
pollution

Topica application  Feasible for treatment of ulcers on valuable/pet fish

viii) Preventing the movement and/or slaughtering of infected stock

Some diseases, e.g. BKD, ERM and furunculosis, are suspected to be spread through the
movement of infected stock. Therefore, it is sensible to apply movement restrictions or
even adopt a slaughter policy to diseased stock, as a means of disease control. This may
prevent the spread of disease to both farmed and wild fish. Of course, the issue of
movement restrictions is highly emotive among fish farmers. However, the procedure
may be beneficial to the industry when viewed as a whole. To work effectively, thereis
a requirement for both the efficient monitoring of all stock at risk to disease, and the
dissemination of the information to all interested parties. However, we believe that in
any alegedly democratic society where such measures are adopted, there should be

adeguate compensation to the fish farmer for loss of revenue.
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Table 1.7 Methods of administering some commonly used antimicrobial compounds to
fish (source: Austin and Austin 2012).

Antimicrobial
compound

Diseases controlled

M ethod(s) of administration

Acriflavine, neutra

Amoxicillin

Benzalkonium chloride

ChloramineB or T

Enrofloxacin (=Baytril)

Erythromycin

Florfenicol

Flumequine

Furanace

lodophors

Oxolinic acid

Oxytetracycline

Potentiated
sulphonamide

Sodium nifurstyrenate

Columnaris

Furunculosis, gill disease

Finrot, gill disease

Finrot, gill disease,
mycobacteriosis

BKD, furunculosis

BKD, streptococcicosis

Furunculosis, vibriosis

Furunculosis, ERM, vibriosis

Coldwater disease, columnaris, fin
rot, gill disease, haemorrhagic
septicaemia, vibriosis

Acinetobacter disease, BKD,
flavobacteriosis, furunculosis,
haemorrhagic septicaemia,
mycobacteriosis

Columnaris, ERM, furunculosis,
haemorrhagic septicaemia,
vibriosis

Acinetobacter disease CE,
coldwater disease, columnaris,
edwardsiellosis, emphysematous
putrefactive disease, ERM, enteric
septicaemia, fin rot, furunculosis,
gill disease, haemorrhagic
septicaemia, redpest, salmonid
blood spot, saltwater columnaris,
Streptococcicosis, ulcer disease

ERM, furunculosis haemorrhagic
septicaemia, vibriosis

Streptococcicosis

5-10 mg/l in water for several hoursto
severa days

60-80 mg/kg body weight of fish/day/10
days

1-2 mg/l of water for 1 h, 100 mg/| of
water for 2 min

18-20 mg/l of water at pH 7.5-8.0, treat
for 2-3 days

10 or 20 mg/kg body weight/day/for 10
days

25-100 mg/kg of fish/day for 4-21 days
20 mg of erythromycin/kg of brood stock
asaninjection

10 mg/kg body weight of fish/day for 10
days

6 mg/kg of fish/day for 6 days

(a) 2-4 mg/kg of fish/day for 3-5 days
(b) 0.5-1 mg/l of water for 5-10 min, asa
bath

50-200 mg of availableiodine/l of water
for 10-15min

(a) 10 mg/kg of fish/day for 10 days

(b) 1 mg/l of water, as abath for 24 h
(recommended for columnaris)

50-75 mg/kg of fish/day for 10 days
(doses of 300 mg/kg of fish/day for
indefinite periods are used to treat RTFS)

30 mg/kg of fish/day for 10 days

50 mg/kg of fish/day for 3-5 days
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iX) Probiotics/biological control

What is the difference between a probiotic, and immunostimulant (administered orally)
and an ora vaccine? The answer to this rhetorical question has not been fully
considered, but there is likely to be considerable overlap between all three. Certainly,
there is increasing evidence that members of the natural aquatic micro flora, including
components of the fish intestinal micro flora (Fjellheim et al. 2007, Pérez-Sanchez et al.
2011), are effective at inhibiting fish pathogens, by competitive exclusion (Lalloo et al.
2010) which may involve the production of antibiotics or low molecular weight
inhibitors. Dopazo et al. (1988) discovered the presence in the marine environment of
antibiotic-producing bacteria, which inhibited a range of bacterial fish pathogens,
including A. hydrophila. These inhibitors produced low molecular weight (<10 kDa)
anionic, thermolabile antibiotics. Subsequently, Chowdhury and Wakabayashi (1989),
Austin and Billaud (1990) and Westerdahl et al. (1991) reported the presence of
microbial inhibitors of F. columnare, Serratia liquefaciens and V. anguillarum. Smith
and Davey (1993) identified a fluorescent pseudomonad which antagonised
A. salmonicida. Apart from the lactic acid bacteria (Pérez-Sanchez et al. 2011), that are
mostly linked with probiotic activity in terrestrial animals, aquaculture has utilised a
wide range of Gram-positive and Gram-negative bacteria, yeast, microalgae and even
bacteriophages. The use of Gram-negative bacteria from genera associated with fish
disease, e.g. Aeromonas and Vibrio, is of concern because of the perceived risk of the
introduction of virulence genes such as by horizontal gene transfer athough this has
never occurred — yet! “Good” bacteria have been described for the control of numerous
diseases, and there is a tendency that the probiotic works faster than an ora vaccine
(Irianto and Austin 2002). The assumption that probiotics must be live preparations was
dashed when it was demonstrated that formalised suspensions of cells were effective at
controlling atypical A. salmonicida infection in goldfish (Irianto et al. 2003) and
furunculosis in rainbow trout (Irianto and Austin 2003), when applied as feed additives.
Furthermore, subcellular components, i.e. OMPs and ECPs, of probiotics were immuno-
reactive with V. harveyi antiserum (Arijo et al. 2008). Along a similar theme, i.p. or i.p.
injection of cell wall proteins, OMPs, LPS and whole cell proteins of two probiotics,
A. sobria GC2 and Bacillus subtilis JB-1 protected rainbow trout against challenge with
Y. ruckeri (Abbass et al. 2009).
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Apat from competitive exclusion, probiotics work by stimulation of the innate immune
response (Irianto and Austin 2003, Kim and Austin 2006) in which case they could be
consdered as heterologous ora vaccines, and interference with adhesion to intestinal
mucosal surfaces (Chabrilldn et al. 2005). The beneficia effect of probiotics may be further
enhanced by the use of prebiotic carbohydrates, notably arabinoxylooligosaccharide, [3-
glucan, glucose, inulin, oligo- fructose and xylooligosaccharide that promote the growth of
the “good bacteria” (Rurangwa et al. 2009).

In addition to the organisms mentioned above, there is a report of the benefits for

disease control of using the biopesticide, Bacillus thuringiensis (Meshram et al. 1998).

1.11.2 Disease prevention

The ways of prevention and contingently of medical treatment of fish are very specific
and often different from those in warm-blooded animals. They require a thorough
knowledge of the environment of fish. Preventive arrangements are consisting of
complicated set of treatments elaborated on the base of a good knowledge of the
aetiology of disease and host (fish) biology. It concerns the elimination or restriction of
infection (invasion) sources and the possibilities of its further expansion likewise the
enhancement of condition of fish organism in the way to be able to withstand the
infection. The prevention is of basic importance in diseases elimination. No specific
therapeutics were developed for a number of diseases up to now and the result of the
application of effective, experimentally verified medicaments, is often reversely affected
by the operational conditions and/or the technology of rearing. The medical treatment
became economically unrenumerative in this way. In addition, some treatments cannot
be performed in certain periods, e.g. in growing season, during the wintering, or in some
fish culture units (e.g. large ponds). That is why it is much more important to prevent
from the diseases than to recover them. The effective preventive treatments are to be
applied above al in specialized fish culture units with closed warm water system, in
early fish fry rearing, hatcheries, carp farms, wintering ponds and storage reservoirs.
Diagnosis and treatment may be difficult, especially in view of emerging antibiotic
resistance in fish pathogens (L ehane and Rawlin 2000).

1.12 Evaluation of new disease
The evaluation of ‘new’ diseases depends on the ability to: (i) identify the cause of the

‘new’ disease, especially because not all diseases are caused by pathogens; (ii) develop
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or validate sensitive diagnostic techniques to accurately assess the distribution of the
pathogen and ascertain if other hosts are involved; (iii) trace the source (introductions,
transfers, changing husbandry practices or changing environmental conditions,
previously undetected ‘background’ infections); and (iv) determine the relative
significance of host physiology, genetic and ecologica factors involved in the

expression of the disease (Bower and McGladdery 2003).

There are ongoing developments in the understanding of bacterial fish pathogens. New
and emerging diseases are regularly recognised especially in aguaculture. Great
emphasis is placed on better diagnoses, pathogenicity mechanisms, and disease control
especially by immunoprophylaxis. There is an interaction between some pollutants and
occurrence of fish diseases. Some fish pathogens may also cause disease of humans, and
include E. tarda, M. fortuitum, M. marinum, P. damselae, P. fluorescens, S iniae and
V. wulnificus (Austin and Austin 2012).

With the widespread use of 16S rRNA sequencing these taxonomic changes should be
more reliable than the previous reliance on phenotypic and serological methods. Over a
similar timeframe, molecular methods have come to dominate the development of
diagnostic procedures, vaccine development and the study of pathogenic mechanisms.
However, scientists still tend to study single isolates that differ from laboratory to
laboratory, and make interlaboratory comparisons difficult. The redlization that not
every microbial cell is capable of being cultured has come as awakening call to science.

The recognition of new and emerging conditions. As aquaculture increases both in
total production and in the range of species used, new diseases will continue to occur. In
some cases, this will reflect the movement of micro-organisms from one host to another.
Thisis likely to happen when a new fish species is introduced into an area for farming,
and there is an exchange of organisms. It may be that the new species lacks resistance,
and therefore infection develops. Also in large monoculture situations, it is easier for a
potential pathogen to enter a weakened host, initiate a disease cycle, and spread to
adjacent animals. New diseases will require research to develop effective control and
diagnostic procedures (Austin and Austin 2012).

Taxonomy and diagnosis. According to Austin and Austin (2012) with the current

focus on biodiversity, there has been a resurgence of interest in taxonomy athough the
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rush to name new taxa based around the study of single isolates is of questionable value
to science. Nevertheless, the current reliance on molecular methods, and notably
sequencing of the 16S rRNA gene is likely to continue; the approach has certainly
improved the standard of disease diagnoses with bacterial identification losing some of
its subjectivity. With the development of methods such as loop-mediated isothermal
amplification (LAMP), molecular biology has become more user friendly, and may now
be undertaken in routine rather than specialized laboratories. The availability of more
rapid, reliable and cheaper molecular techniques will further improve diagnostic

potential. In the meantime, serology offers rapid, field-based diagnostic systems.

I solation and selective isolation of pathogens: With the advance of the molecular era
with its culture-independent approaches, it is pertinent to enquire if culturing will
continue to have a role in fish disease work. We argue that pure cultures logged in
established culture collections provide an invaluable reference tool. However, not all
organisms will grow in vitro; Candidatus provides a current challenge. Where reliance
is placed on culturing as a prelude to identification then clearly suitable culture systems
are needed, but there are still only a few selective isolation procedures for bacterial fish
pathogens (Austin and Austin 2012).

1.13 Fish disease and economics

Fish diseases are playing one of the roles as a limiting factor in fish production and
causing heavy mortalities especially in hatcheries thus affecting profit negatively.
Both researchers and farmers in aquaculture area are looking for a way to get
maximum amount of yield from per unit volume of water to lower the cost in
aguaculture operations. One simple way to get maximum amount of yield from per
unit volume of water is basically overcrowding the fish and this condition causes
stress in fish which are accustomed to live freely in nature and causes unexpected
losses (Toksen 1999). Hence, it is essential that proper measurements are taken
against stress causing agents such as bad water quality, bad feed nutrition, and heavy
stocking rate etc. The best way to deal with diseases is to prevent both infectious and
noninfectious outbreaks. Beyond that, correct diagnosis and economically acceptable
treatment methods should be carried out.
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1.14 Objectives of the present study
This study was therefore conducted based on the above premise and the following were

its main objectives:

1. To characterize and identify the bacterial isolates based on the phenotypic
properties isolated from diseased fish;

2. To know the growth characteristics of the isolates;

3. To find out the relationship of disease occurrence with hydrological and
environmental parameters;

4. To know the sequence of gene coding for 16S rRNA gene of identified isolates;

5. To know the phylogenetic position of the isolated bacteria.
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CHAPTER 22 MATERIALSAND METHODS

2.1 Pond selection and sampling

Now a day fish farmers as well as fish traders are very much concern about not to
disclose information about their product where disease outbreak happens. They sort out
diseased fishes on the harvesting spot before marketing. At the end of the year 2012, one
fish producer of Kakanhat area of Rajshahi district (Figure 2.1, 2.2) personally informed
that something bad happened to his farm where marketable sized carp fishes died
everyday along with two big sized (about 1 kg weight) frogs. They observed that every
morning at least 20 to 30 dead fishes were floating at the surface water with lesions on
their skin where scale erosion occurs. After three days they harvested all the fishes and
sold out. From the spot moribund fishes of different species (Puntius sarana, Labeo
rohita, L. bata, Catla catla, Cirrhinus mrigala, Hypophthal michthys molitrix) with skin
lesion and scale erosion along with pale gill were brought to the Genetics and Molecular
Biology Laboratory, Department of Zoology, University of Rajshahi immediately at live
condition with pond water.

On July 2013 L. rohita with haemorrhagic skin were collected from a pond situated at
Darusha of Rajshahi district (Figure 2.1, 2.2) near about 17 kilometers away from the
Rajshahi city.

The third information was published in a renowned daily newspaper that fishes are dead
at gill rot disease at Ullapara upazilla under Sirgjganj district (Figure 2.3). On the basis
of aforesaid news affected fish and pond water samples were collected from the spot
with pale gill, scale erosion, reddish skin, rough whitish spot on head and ruptured
caudal fin membrane of Catla fry.

In al the cases, bacterial swabs were taken aseptically from the skin lesions, gill,
kidney, liver and slime separately of the diseased fishes and cultured on the nutrient
broth (Hi-media, India) and nutrient agar (Hi-media, India) media, which was incubated
for 48 hours at 37°C subjected to shaking at 120 rpm on an orbital shaker. Control plate
was kept for incubation and flasks without inoculates were also prepared and incubated
at 37°C with an orbital shaker. The cultures that were found turbid after a period of O up
to 2 days were used as inocula in subsequent experiments. No bacterial growth was seen

a the plate from the internal organs where same colonies were found from skin lesion
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and slime. Significant growth of other isolates was found from water samples of
Ullapara area. Pure cultures of the isolates were obtained from culture plate through
subsequent culture. On the basis of eye observation atotal of nine (9) different sized and
colored colonies were selected and the isolates were maintained in slant at 4°C for
further study.
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Figure 2.1 Study area of Rajshahi district (source: Google map).
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The procedures of isolating bacterium were begun from environmental samples during
laboratory session. Aquatic environment (culture fish pond) and fish inhabits into the
water is an excellent source for microorganisms, since bacteria, algae, protozoans,
yeasts, molds, and other microscopic organisms are routinely found in this environment.
Initially bacteria were isolated on the primary culture plates.

The lab experiments were arranged into four exercises:

(1) abrief introduction describing the purpose of the experiments;
(2) summary tables of al unknown resuilts;

(3) a tentative identification of the isolated bacterium using flow charts, and
Bergey’s Manual of Systemic Bacteriology (Volumes I-1V); and

(4) a conclusion discussing the basis on which the unknown was tentatively
identified.
The following steps were carried out during the study.
(a) isolation of an unknown bacterium from diseased fish and pond water;
(b) identification of unknown bacterium utilizing staining techniques;
(c) determining the motility of unknown bacterium;
(d) determining the morphologic characteristics of unknown bacterium;
(e) determining the physiologic characteristics of unknown bacterium;
(f) determining the biochemical characteristics of unknown bacterium;
(9) genomic DNA isolation for 16S rRNA gene;
(h) gel electrophoresiswith gDNA,;
(i) polymerase chain reaction (PCR) of 16S rRNA gene;
() ge eectrophoresis with PCR product;
(K) purification of PCR product;
(1) measurement of concentration and purity of DNA;
(m)big dye cycle sequencing;
(n) obtain sequence from automated genetic analyzer;
(o) chromatogram,
(p) NCBI BLASTn matching;
(q) clustal omega pairing;
(r) phylogenetic tree making (cladogram with distance).
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Bacteria isolates were collected from ulcer type lesions on body surface such as caudal
peduncle, base of fins, head lesions, internal organs like gill, liver, kidney of different
fish speciesviz. Catla, Labeo, Cirrhinus, Puntius.

Nutrient agar (NA) media was used for bacteriological culture. The body surface lesions
and internal organs were washed out with normal saline solution and spread on the
culture plate. The petridishes were inverted and kept in incubator at 28°C and 37°C for
overnight. At the following day carefully observed the plate and again different sized
and coloured colonies were streaked directly with inoculating loop. The process was
repeated for several times to find pure bacterial culture. For the confirmation same
processes were carried out with nutrient broth.

The isolation of pure cultures on nutrient agar plates was done by streaking directly with
materials previoudly taken, of low germ content. With the help of a nichrome wired
loop, flamed to red hot and cooled, the inoculum is streaked first on the one of the 4™
quadrant of the plate. The inoculum taken again on the sterile loop is streaked on 2™ and
3 quadrant. Finaly, the inoculum taken a 4™ time was streaked on the last quarter.
Then the petridishes were inverted and kept in incubator at 37°C for overnight. The
petridishes having individual coloniesin the 3" and 4™ streaking.

Identification of bacteria were made following the methods described in the Cowan and
Steel’s Manual for the identification of medical Bacteria edited by Barrow and Feltham
(1993) and confirmed with the help of Bergey’s Manual (Krieg and Holt 1984).

2.2 | solation of bacteria

Before identification the bacterial pathogen should be isolated. Pure isolate is the key
point of proper identification, as bacterial diseases of fish are caused by a
phylogenetically diverse collection of bacterial pathogens (Sudheesh et al. 2012). There
are a number of procedures, which are followed for the isolation of the bacteria
collected from the diseased organ or organs of fish. Besides that, to study the
characteristics of the pathogen a number of tests are required, to differentiate the
bacterial colonies found in the diseased part. The important tests which are needed to do
before identification are asfollows (Table 2.1).

“Bergey’s Manual” (Buchanan and Gibbons 1974) is recognized as the most
authoritative text on bacteria taxonomy; however, taxonomy is becoming a separate
branch of bacteriology that amost exists for its own sake.
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Table 2.1 Important tests and media used in different studies.

Media Used for References

Tryptic Soya broth (TSB) Growth of some suspected isolates

supplemented with 3% NaCl  prior to plating Tanekhy 2013

0.5 % Nutrient agar medium  Preservation of all isolated strains as
supplemented with 3% NaCl  well asfor the detection of bacterial Tanekhy 2013
motility

Nutrient slope agar Preservation of bacterial isolates and
for detection of pigment production by  Tanekhy 2013
bacteria isolates

Trypticase Soyaagar (TSA)  Genera purpose medium for isolation
supplemented with NaCl 3%  and cultivation of fastidious Tanekhy 2013
microorganisms

Blood agar medium Isplatlon an_d cultivation of fastidious Whitman 2004
microorganisms

Thiosulphate citrate bile salts  Selective medium for the isolation of

sucrose agar (TCBS) Vibrio species Whitman 2004

supplemented with 3% NaCl

Brain-heart infusion agar Isolating and cultivating a variety of .

(BHI) (fastidious) microorganisms Whitman 2004

2.3 Media preparation

Culture media are employed in the isolation and maintenance of pure cultures of
bacteria and are also used for identification of bacteria according to their biochemical
and physiological properties. Liquid media are used for growth of pure batch cultures
while solidified media are used widely for the isolation of pure cultures, for estimating

viable bacterial populations, and avariety of other purposes.

Culture media may be classified into several categories depending on their composition
or use. A chemically-defined (synthetic) medium is one in which the exact chemical
composition is known. A complex (undefined) medium is one in which the exact
chemical constitution of the medium is not known. Defined media are usually composed
of pure biochemicals, complex media usually contain complex materials of biological
origin such as blood or milk or yeast extract or beef extract, the exact chemical

composition of which is obviously undetermined. A defined medium is a minimal
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medium if it provides only the exact nutrients (including any growth factors) needed by
the organism for growth. The use of defined minimal media requires the investigator to
know the exact nutritional requirements of the organisms in question. Chemically-
defined media are of value in studying the minima nutritional requirements of
microorganisms, for enrichment cultures, and for a wide variety of physiological
studies. Complex media usually provide the full range of growth factors that may be
required by an organism so they may be more handily used to cultivate unknown
bacteria or bacteria whose nutritional requirement are complex (i.e., organisms that

require alot of growth factors).

Most pathogenic bacteria of animals, which have adapted themselves to growth in
animal tissues, require complex mediafor their growth. Blood, serum and tissue extracts
are frequently added to culture media for the cultivation of pathogens. Even so, for a
few fastidious pathogens artificial culture media and conditions have not been
established.

An enrichment medium employs a dightly different twist. An enrichment medium
contains some component that permits the growth of specific types or species of
bacteria, usualy because they aone can utilize the component from their environment.

However, an enrichment medium may have selective features.

A. CULTURE PLATE MEDIA

- Media were prepared in clean glassware according to manufacturer’s
instructions. pH was checked and adjust with 1IN NaOH or HCl if necessary.
Mediawas boiled for one minute to completely dissolve agar.

- Beaker was covered with foil, or pour into clean bottles being sure to leave
lids loose. Sterilize according to manufacturer’s instructions when given, or
at 121°C for 30 minutes at 15 pounds pressure.

- Mediawas cooled to 45-50°C.

- Alternatively media was autoclaved and cooled to room temperature and
refrigerated for later use. Store bottles labeled with media type, date and
initials. When media is needed, boil, microwave or water bath was used to
completely melt the agar. Cool to 50°C, then proceed to next step.

- Before pouring media, hood or counter was thoroughly disinfected and sterile
petri dishes were placed on the disinfected surface.
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- Plateswere labeled.
- Approximately 15 to 20 ml media was poured per 90x15 mm petri dish.

- Plates were inverted when the media has cooled completely to prevent
excessive moisture and subsequent condensation on the plate lid.

- Plateswere stored at upside down position in the refrigerator in atightly sealed
plastic bag or box.

- Manufacturer’s recommendation was followed for storage period of prepared
media.

B. CULTURE TUBE MEDIA

- Media was prepared in clean glassware according to manufacturer’s
instructions. Media was boiled if the medium contains agar, boil for one
minute to completely dissolve the agar.

- pH was adjusted if the media contain any indicator. This was done when
medium was at room temperature; otherwise compensation for temperature
needs to be made.

- Test tubes were arranged in racks. Disposable screw cap tubes were used for
all tube media.

- To dispense the medium pipette was used. Approximately 5 to 10 ml media
was dispensed in 16x125mm or 20x125mm tubes and close caps loosely.

- Manufacturer’s recommendation was followed for autoclave time and
temperature.

- In case of dants making, tubes were kept in slant racks after autoclaving. The
dant angle was adjusted to achieve the desired slant angle and butt length
(i.e. short butt and long “fish-tail”” slant for TSI or a standard slant over % of
the tube length).

- Caps were tightened when tubes can be easily handled but still warm to the
touch. Cool completely to room temperature in the slanted position.

- Tubes were labeled or the tube rack with type of medium, preparers initias,
and date made.

- Stored at 2-8°C, following manufacturer’s recommendation for period of
long-term storage.
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To get pure cultures different techniques were introduced as the fish possess signs of
infection at different body sites. Firstly, swabs were taken from body surface and
transferred on to nutrient agar plates aseptically. Secondly, pure cultures were obtained
after shaking tails and pectora fins in 0.9% (w/v) saline solution for 5 min, and
thereafter spreading 0.1 ml volumes on nutrient agar plate with incubation at 37°C for
24 to 72 hours. Thirdly, internal organs like gill, kidney and liver were washed out with
normal saline solution and poured on to nutrient agar plates and incubated at 37°C for
24 to 72 hours. Pale gills of Catla collected from Ullapara were directly transferred in
nutrient broth and kept for at least 48 hours with orbital shaker at room temperature.
Where there is alesion or somehow abnormalities seen different plates were inocul ated
with samples either with normal saline solution, or directly with the help of nichrome

wired loop.

Isolates were periodically sub-cultured on nutrient agar and stock cultures were
maintained at -20°C in nutrient broth medium containing 20% glycerol (v/v). Slants and
stab were aso prepared with nutrient agar as stock and kept at refrigerator at 4°C for
further use. All the experimental and the reference strains were investigated at 37°C and

the results were read after 24 h unless otherwise indicated.

2.4 |dentification of bacterial species

Numerous species of bacteria are capable of causing diseases in fish and shellfish, many
of them are well known (Bullock et al. 1971). Unfortunately, while trying to identify
and name them a number of problems have to be confronted. Scientists worked for a
long time to develop appropriate laboratory protocols for isolation and identification of

bacteria.

All the tests and experiments were replicated at |east three times and more (up to six or
seven) whenever necessary to know their colony characteristics, morphological and
physiologica properties and to identify the isolated unknown bacterium based on their
biochemical and molecular distinctiveness. Sometimes for many reasons findings
misguide or deviate from the previous one, hence repeatedly and subsequently

experiments were carried out to confirm or compare the findings. One of the possible
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causes behind this may be the chance of change in the growth pattern that leads to the
mutation. Present findings were compared to the previous findings from many sources
such as, published literatures, manuals and books, and interpreted in the present study.
Available apparatus (Appendix 1ll1) and resources were used to carry out al the
experiments based on different books, and laboratory manuals (viz. Deshmukh 1997,
Cappuccino and Sherman 1999, Noga 2000, Harley-Prescott 2002, Buller 2004,
Woodland 2004, Garcia 2007, Atlas 2010).

2.4.1 Phenotypic tests

For many pathogens emphasis has been placed on conventional phenotypic tests for
diagnosis, athough in many laboratories there has been a rapid move towards molecular
methods. Nevertheless, phenotypic methods are still used extensively. For example,
Boulanger et al. (1977) highlighted the value of confirming the Gram-staining reaction,
fermentative metabolism of glucose, and production of arginine dihydrolase, catalase
and oxidase but not of lysine or ornithine decarboxylase. Caution is advocated should
consideration be given to using commercially available diagnostic kits. The APl 20E
and API-ZY M systems, and more recently the APl 20NE, API 50CH, API 50 L, Biolog-
GN, Enterotubes and RapidID 32 systems (Meyer and Bullock 1973, Amandi et al.
1982), have made an inroad into routine diagnostic laboratories. Whereas some systems,
e.g. Biolog-GN, are clearly adaptable to- and useful for environmental isolates, other
have been developed specifically for a given use, usually medically important bacteria.
The consequence is that the supporting identification schemes may be inappropriate.
Many workers have used the APl 20E system for the identification of fish pathogenic
bacteria, and the technique has been considered useful be some (Santos et al. 1993).
However, the APl 20E system weighs heavily on the use of sugar fermentation

reactions, which may be influenced by the presence of plasmids.

Biolog-GP2 has been regarded as effective for the identification of some Gram-positive
bacterial fish pathogens when compared with the results of 16S rRNA gene sequencing
(Verner-Jeffreys et al. 2011). Diagnoses may also be achieved aso by means of
diagnostic schemes based on reactions in conventiona phenotypic tests. The procedure
may be automated, as with the Abbott Quantum Il system (Teska et al. 1989), and
involves spectrophotometric readings at 492.6 nm, with a sample cartridge containing
20 inoculated biochemical chambers.
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2.4.2 Gram staining

The technique is used for differentiation of Gram-positive and Gram-negative bacteria,
usually as afirst step in bacteria identification. The cell walls of Gram-positive bacteria
are different from those of Gram-negative. Gram-positive walls have a thick layer of
peptidoglycan associated with teichoic acids and in Gram-negative walls lipoprotein
lipopolysaccharide are associated with thin peptidoglycan layer. The structural
difference between cell walls results in a different ability to retain certain dyes and a

different ability to resist decolorization.

There are four basic steps of the Gram stain, which include applying a primary stain
(crystal violet), followed by the addition of a mordant (Gram’s iodine), rapid
decolorization with alcochol or acetone, and counterstaining with safranin. The Gram-
positive cells are not discolored and remain purple. The Gram-negative cell loses its

purple color. Applying safranin, Gram-negative bacteria become pink or red.

Procedural steps

1. A drop of sterilized distilled water was taken on the middle of the clean
dide. A bacteria colony was taken by using inoculating loop and smear
uniformly on to the slide for preparing a very thin film.

2.  Thesmear was dried and heat fixed.
3. Smear was gently flooded with crystal violet and stand for 1 minute.

4. The dide was tilted dlightly and gently rinsed with tap water or distilled
water using awash bottle.

5. The smear was gently flooded with Gram’s iodine and stand for 1 minute.

6. The dide was dightly tilted and gently rinsed with tap water or distilled
water using awash bottle. The smear appeared as a purple circle on the dide.

7. Decolorized using 95% ethyl alcohol or acetone. The slide was dlightly
tilted and the alcohol applied drop by drop for 5 to 10 seconds until the
alcohol runs almost clear.

8. Thedlidewasimmediately rinsed with water.

9. Theslide was gently flooded with safranin to counter-stain and stand for
45 seconds.
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10. The dlide was dlightly tilted and gently rinsed with tap water or distilled
water using awash bottle.

11. Thedlidewas blot dried with bibulous paper.

12. The smear was viewed using a light-microscope under oil-immersion.

2.4.3 Potassium hydroxide string test (alternative test for Gram reaction)

A loop full of growth from a bacterial colony was emulsified on the surface of a glass
dide in a suspension of 3% KOH. The suspension was stirred continuously for 60
seconds after which the loop was gently pulled from the suspension. The test was
considered positive if string occurred within the first 30 seconds after mixing the

bacteriain KOH solution.

Add a heavy inoculum of pure culture of bacteria grown on a solid medium to a drop of
3% potassium hydroxide (KOH) solution (3 g KOH per 100 ml distilled water) on a
clean glass dide. Stir for about one minute, occasionally lifting the loop to look for

thickening and “stringing” of the slurry.

I nter pretation of findings:

- Gram positive bacteria did not appear to change the viscosity of the KOH
solution.

- Gram negative bacteria caused the KOH solution to become stringy or
mucoid in appearance and consistency.

2.4.4 Lactose fermentation test (growth on MacConkey agar)

It is a selective and differentiad medium for the detection of coliform organisms and
enteric pathogens according to PH EUR (Agar Medium H). MacConkey agar (MCA) isa
widely used culture medium that is both selective and differential. A selective medium
selects for the growth of some organisms, while inhibiting the growth of others. In the
case of MAC agar, the presence of bile salts and crysta violet inhibits the growth of most
Gram positive bacteria. A differential medium does not inhibit the growth of bacteria, but
differentiates them based on some visible growth characteristic such as colony color.

MAC agar contains lactose, a fermentable carbohydrate, and the pH indicator neutral red.
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When lactose is fermented, acid products lower the pH below 6.8 with the resulting
colonia growth turning pinkish-red. If an organism is unable to ferment lactose, the
colonies will be colorless or yellow. The medium thus differentiates between lactose-
fermenting bacteria and lactose non-fermenters, which include potential pathogens.

MAC agar is acommonly used primary plating medium in many clinical microbiology
laboratories. Since this medium is so common, and because it can provide timely clues
as to the identification of some Gram-negative bacilli, it behooves microbiologists to be
efficient in interpreting colonia growth. It will be especially helpful in the Unknown

Identification lab in the differentiation of Gram positive and Gram negative unknowns.

Formulation:
Pancreatic digest of gelatin = 17 g/l
Peptones 3d
Bile sdts 1549l
L actose monohydrate 10 g/
Sodium chloride 5g
Neutral red 0.03 g/l
Crystal violet 0.001 g/l
Agar 1359/l
pH 7.4

I nter pretation of findings:

- Growth occurred and all colonies are noticeably pinkish red. Acid has been
produced- Lactose fermenter

- Growth occurred and colonies are colorless. No acid has been produced-
L actose non-fermenter

- No growth occurred. Bile salts and crystal violet in the medium inhibited
growth of the organism.

2.4.5 Citrate utilization test (growth on Simmons citrate agar)

It isadifferential medium for the differentiation of gram negative enteric bacteria on the
basis of citrate utilization. The pH indicator in Simmons Citrate (SC) agar,
bromothymol blue, will turn from green from acidic conditions to aroyal blue when the
medium becomes akaline.
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This is a defined medium used to determine if an organism can use citrate as its sole
carbon source. It is often used to differentiate between members of Enterobacteriaceae.
In organisms capable of utilizing citrate as a carbon source, the enzyme citrase
hydrolyzes citrate into oxaloacetic acid and acetic acid. The oxaloacetic acid is then
hydrolyzed into pyruvic acid and CO,. If CO; is produced, it reacts with components of
the medium to produce an alkaline compound (e.g. NaxCOg3). The akaline pH turns the
pH indicator (bromothymol blue) from green to blue.

Formulation:
Sodium chloride 5009l
Sodium citrate 2049/l
Magnesium sul phate 0.2¢gl
Bromothymol blue (BTB)  0.08 g/l
Buffers 1.7 9l
Agar 158 g/l
pH 6.9

2.4.6 Catalase test

At times, the incomplete reduction of oxygen leads to the production of hydrogen
peroxide (H2O) or the superoxide free radical (O,) that are both toxic to the cell. Many
aerobic or facultatively anaerobic cells produce enzymes that remove these toxic
byproducts. Superoxide dismutase removes the superoxide free radical in the following
reaction (2H" + 20, = H,O, + O,). Catalase removes hydrogen peroxide in the
following reaction (2H,O, = 2H,0 + O,). Strict anaerobes usually lack these enzymes
and therefore are restricted to an oxygen free environment. As only a subset of all the
bacterial species produce cytochrome oxidase and catalase, one can test for the presence
of these enzymes in bacteria to determine the oxygen tolerance of an individua

bacterium and also to identify the bacterium.

Procedure: On aclean and labeled microscope slide using a sterile loop a small amount
of culture from the plate was transferred. One drop of H,O, solution was added to each
culture sample and watch for the production of bubbles in the suspension. The bubbles
result from oxygen gas that was released as a result of catalase activity that has
converted the externaly supplied hydrogen peroxide into oxygen and water. If no

bubbles were produced the test was noted negative for catalase activity.
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2.4.7 Cytochrome-oxidase test

Respiratory metabolism results in the conversion of glucose into energy in the form of
ATP by the processes of glycolysis, Kreb’s cycle and oxidative phosphorylation. In the
process of respiratory metabolism, most of the ATP is generated as a result of the
activity of the electron transport system. The electron transport system is composed of
membrane associated molecules (cytochromes or flavoproteins) that accept and donate
electrons. Reduced NADH and FADH from glycolysis and Kreb’s cycle enter at or near
the top of the electron transport chain and reduce the first molecule in the chain as they
are concurrently re-oxidized. As electrons are passed down the chain of the electron
transport system, each molecule in the chain alternate between reduced and oxidized
forms. Cytochrome oxidase is found at the bottom of this chain, cytochrome oxidase
catalyzes the re-oxidation of the last cytochrome molecule in the chain by molecular
oxygen. This final process results in the reduction of molecular oxygen to water. The
cytochrome-oxidase pathway is described in Figure 2.4.

Figure 2.4 Cytochrome-Oxidase pathway (source: ASM MicrobeLibrary).

Procedure: On alabeled clean piece of filter paper using a sterile loop, a small amount
of culture was transferred from the plate to the microscope slide. With a sterile wooden
applicator the sample was rubbed into the paper without tearing it. This acts to remove
capsule (glycocax, mucin) from the surface of the bacteria so the substrate can interact
with the bacteria. One drop of N, N, N', N’-tetramethyl-p-phenylenediamine (TMPD)

was added to each sample and the results were recorded immediately after 20 seconds.
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TMPD is achromogenic reducing reagent. In itsreduced state TMPD is colorless; inits
oxidized state it is deep purple or blue. Therefore, if the bacteria produce cytochrome

oxidase, the reagent will be oxidized and will turn blue. The reaction is described below.

[ Tetramethyl-p-phenylenediamine (reduced) + 2 Cytochrome oxidase (oxidized) >
Tetramethyl-p-phenylenediamine (oxidized) + 2 Cytochrome oxidase (reduced)]

In a negative test for cytochrome oxidase the sample will remain clear, turn yellow or

light grey.

2.4.8 Oxidative-fermentative (O-F) test

Bacteria produce acid from carbohydrates by two methods. One is an anaerobic process
called fermentation; the second, designated oxidation, is an aerobic process. Since Gram
negative bacteria which attack carbohydrates usually do so exclusively by either
fermentation or oxidation, the determination of the type of carbohydrate metabolism

carried out by an organism is of taxonomic significance.

Enteric fermentation broth carbohydrate media will detect acid production by
fermentative organisms. Oxidative organisms do not usually produce a detectable
amount of acid in enteric fermentation broth media since the acidity produced by
oxidation is less than by fermentation and because sufficient akaline products are
frequently produced from the peptone in the medium to neutralize the acid produced by
oxidative metabolism. Triple sugar iron agar (TSI) can be used to differentiate
fermentative from oxidative bacteria. A TSI reaction of acid butt with or without an acid
dant is indicative of a fermenter. No change of the butt and slant of TSI or dight
akalinization of the dant is indicative of an oxidizer or non-utilizer of sugars.
Occasionally, an oxidizer will show dight acidity on the slant of TSI. In cases where the
TSI reaction is doubtful, an oxidation-fermentation test can be carried out using O-F

medium with 1% glucose (dextrose) as described.

An O-F medium was used to determine the pattern of carbohydrate metabolism of
oxidative bacteria. O-F base medium contains less peptone than do the fermentation
bases and contains 0.3% agar. The agar prevents convection currents and allows the acid
produced to remain concentrated in the medium adjacent to where it is produced and not
be diluted by mixing throughout the medium.
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Two tubes of O-F glucose medium are used, one of which is covered with a layer of
sterile mineral oil as an oxygen barrier. If glucose is metabolized in either tube, acidic
end products accumulate and the pH drops. A pH indicator in the medium changes color

to indicate acid production.

O-F glucose medium with oil overlay was used. This consists of a nutrient medium to
which 1% glucose has been added. Minera ail lighter in density that the medium was
added to provide an airtight barrier. The pH indicator was bromothymol blue, which is
green at neutral pH and turns yellow at pH <6.0. It gets its name because it turns blue at
pH >7.6.

An inoculum from a pure culture was transferred asepticaly to a tube of O-F glucose
medium with oil overlay. The agar was stabbed through the oil to “plant” the bacteriain
the butt of the tube. The inoculated tube was incubated at 35-37°C for 24 hours. A

positive result for fermentation of glucose was indicated by the medium turning yellow.

O-F dlucose is a semisolid medium incorporating a pH indicator, 1% glucose, and
peptones. The type of metabolism a bacterium has aerobic use of a sugar vs. anaerobic
use of a sugar; determines the color results in the two tubes used. The overlay of oil or
vaspar wax prevents oxygen from getting into the medium of one tube: the other tube
has ar insde. Aerobic use of sugar is oxidative metabolism, anaerobic use is
fermentative. Bacteria that oxidize carbohydrates are usually obligate aerobes, whereas
those that ferment are usually facultative anaerobes. The fermentation will produce far
more acid than the aerobic oxidation, but the O-F glucose test is very sensitive to the
small amounts of acid produced via aerobic means. As the organism grows and uses the
sugar, the resulting acid will change the pH, and the pH indicator will change colors.
The indicator is bromothymol blue, starting as a forest green color at a neutral pH, and
ending as a yellow with low pH and a blue with high pH. Using two tubes allows the
identification of whether the organism is oxidative (only open tube acidic) or
fermentative (both tubes acidic). If the organism uses the peptones rather than the

glucose, the pH will become basic.
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Procedure
- Two tubes were used for the O-F test.

- A generous amount of the test organism was transferred to the O-F medium
by stabbing four (4) times approximately /5 the depth of the medium.

- By using a straight inoculating needle two tubes were inoculated with each
isolate.

- One inoculated tube from each pair was overlaid with 1 ml of minera oil.
(The tubes were overlaid with oil are called “closed” tubes). This overlay
prevents the diffusion of oxygen into the medium and creates an anaerobic
condition in the tube.

- Tubeswereincubated with loose caps at 35°C for 24 hours.

- Following incubation, interpret the results based on the interpretive table
below.

I nterpretation of findings:

Open tube Closed tube Method of glucose utilization

Yellow (A) Yellow (A) Fermentative

Yellow (A) Blue-Green (-) Oxidative
Blue-Green (-) Blue-Green (-) Non-utilizer or possible no growth

Note: (A) = acid formation, (-) = no growth

2.4.9 Growth on Triple Sugar Iron (TSl) agar

TSI medium is a differential medium that can distinguish between a number of Gram-
negative enteric bacteria based on their physiological ability (or lack thereof) to:

a. metabolize lactose and/or sucrose,

b. conduct fermentation to produce acid,
c. produce gas during fermentation, and
d. generate H,S.

The medium contains 1.0% each of sucrose and lactose and 0.1% glucose. If only glucose
is fermented, acid produced in the butt will turn it yellow, but insufficient acid products
are formed to affect the methyl red in the dant. However, if either sucrose or lactose are
fermented, sufficient fermentation products will be formed to turn both the butt and the

dant yellow. If gas is formed during the fermentation, it will show in the butt either as
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bubbles or as cracking of the agar. If no fermentation occurs (as for an obligate aerobe),
the dant and butt will remain red. The medium aso contains ferrous sulfate. If the
bacterium forms H,S, this chemical will react with the iron to form ferrous sulfide, which
is seen as ablack precipitate in the butt (a black butt).

Procedure: Add 3.0 g of beef extract, 3.0 g of yeast extract, 15.0 g of peptone, 5.0 g of
protease peptone, 10.0 g of lactose, 10.0 g of saccharose, 1.0 g of glucose, 0.2 g of
ferrous sulphate, 5.0 g of sodium chloride, 0.3 g of sodium thiosulphate, 0.024 g of
phenol red and 12.0 g of agar and make the mixture up to 1000 ml with distilled water.
The peptone mixture and the beef and yeast extracts provide the nutrients essential for
growth. Sodium chloride maintains the osmotic balance of the medium. The
bacteriological agar is the solidifying agent. In another replication TSI media from Hi-
media, India was used and results were the same. Following steps were carried out in
both the cases:

- Sterilize the inoculating needle till red hot and then allowed to cool.
- LB agar plate containing the 24-48 hour culture was taken.

- Using aseptic technique, the culture of the organism was taken from LB
plate with the needle.

- A sterile TSI dant tube from the rack was taken, the cap was removed and
flame the neck of the tube.

- Stab the needle containing the pure culture into the medium, up to the butt of the
TSI tube, and then streak the needle back and forth along the surface of the dant.

- Again flamed the neck of the TSI tube, capped and placed it in the test tube rack.
- Incubated at 37°C for 18 to 24 hours.

Interpretation of findings: When TSI agar isinoculated with a glucose-only fermenter,
acid products lower the pH and turn the entire medium yellow within a few hours.
Because glucose is in short supply (0.1%), it will be exhausted within about 12 hours.
As the glucose is used up, the organisms located in the aerobic region (slant) will begin
to break down available amino acids, producing NH3 and raising the pH. This process,
which takes 18 to 24 hours to complete, is caled areversion and only occursin the slant
because of the anaerobic conditions in the butt. Thus, a TSI agar with a red slant and
yellow butt after a 24 hour incubation period indicates that the organism ferments
glucose but not lactose.
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Organisms that are able to ferment glucose and lactose and/or sucrose also turn the
medium yellow throughout. However, because the lactose and sucrose concentrations
are ten times higher than that of glucose, greater acid production results and both slant
and butt will remain yellow after 24 hours. Therefore, a TS| agar with a yellow slant and
butt at 24 hours indicates that the organism ferments glucose and one or both of the
other sugars. Gas produced by carbohydrate fermentation will appear as fissures in the
medium or will lift the agar off the bottom of the tube.

Hydrogen sulfide (H.S) may be produced by the reduction of thiosulfate in the medium
or by the breakdown of cysteine in the peptone. Ferrous sulfate in the medium reacts
with the H,S to form a black precipitate, usually seen in the butt. Acid conditions must
exist for thiosulfate reduction; therefore, black precipitate in the medium is an indication
of sulfur reduction and fermentation. If the black precipitate obscures the color of the
butt, the color of the slant determines which carbohydrates have been fermented
(i.e, red dant = glucose fermentation, yellow slant = glucose and lactose and/or sucrose

fermentation).
Result (slant/butt) Symbol I nter pretation
1 Red/Yelow K/A Glucose fermentation only, peptone
catabolized.
2 Yédlow/Yéelow AlA Glucose and lactose and/or sucrose
fermentation.
3 Red/Red K/K No fermentation, Peptone catabolized.

4 Ydlow/Ydlow with bubbles AIA, G Glucose and lactose and/or sucrose
fermentation, Gas produced.

5 Red/Ydlow with bubbles K/A, G Glucose fermentation only, Gas
produced.
6 Red/Yelow with bubbles K/A, G, H,S  Glucose fermentation only, Gas
and black precipitate produced, H,S produced.
7 Yédlow/Yédlow with bubbles A/A, G, H,S Glucose and lactose and/or sucrose
and black precipitate fermentation, Gas produced, H,S
produced.
8 Red/Yelow with black K/A, H,S  Glucose fermentation only, H,S
precipitate produced.
9 Yédlow/Yédlow with black A/A,H,S  Glucose and lactose and/or sucrose
precipitate fermentation, H,S produced.

Note: A = acid production, K = alkaline reaction, G = gas production
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2.4.10 Growth on Sulfur Indole Motility (SIM) media (semisolid medium)

A medium for the differentiation of enteric bacteria on the basis of hydrogen sulphide (S)
reduction and indole (1) production and moatility (M). It tests the ability of an organism to
do several things: reduce sulfur, produce indole and swim through the agar (be motile).
SIM is commonly used to differentiate members of Enterobacteriaceae. Sulfur can be
reduced to H,S (hydrogen sulfide) either by catabolism of the amino acid cysteine by the
enzyme cysteine desulfurase or by reduction of thiosulfate in anaerobic respiration. If
hydrogen sulfide is produced, a black color forms in the medium. Bacteria that have the
enzyme tryptophanase, can convert the amino acid, tryptophane to indole. Indole reacts
with added Kovac’s reagent to form rosindole dye which is red in color (indole +). SIM
tubes were inoculated with a single stab to the bottom of the tube. If an organism is motile

than the growth will radiate from the stab mark and make the entire tube appear turbid.

For mulation of medium:

Peptones 26.0 g/l
Sodium thiosul phate 0.24g/l
Ferrous ammonium sulphate 0.2 g/l
Agar 359l
pH 6.7

2.4.11 Urease (urea hydrolysis) and Motility Indole Urea (MIU) test
Testing the ability to produce urease, an enzyme that hydrolyze urea providing a source
of nitrogen for bacteria. MIU test checks simultaneously for the production of indole,
urea hydrolysis and bacteria motility. Medium, together with TSI and Simmons Citrate
agar, is most used for Enterobacteriaceae identification, especially Escherichia and
Salmonella.

Media preparation: Firstly, MIU base was prepared with

Proteose peptone 109
Beef extract 59
NaCl 59
KH2PO4 29
Phenol red solution Y50 6 ml
Agar 39
Distilled water 900 ml
pH 6.8-6.9
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Secondly, urea-glucose solution was made with 10 g urea + 1 g glucose + 100 mi
distilled water.

Preparation: To 90 ml MIU base medium 10 ml urea-glucose solution was added (base
medium was melted by boiling it and wait to cool under 50°C before adding urea-

glucose solution, otherwise ureawill be inactivated. Fina medium state was semi-solid).

Procedure: A well isolated colony was harvested and inoculated a MIU tube by
stabbing the medium and incubated at 37°C for 24 hours.

Interpretation of findings: Motility is positive if the entire medium became opaque
(semi-solid state of the medium permits the bacteria moving). Result is negative if the
culture grows only on the stabbing line. For the indole test 2-3 drops of Ehrlich-Kovac’s
reactive wre added. A red layer on the surface of the medium appears if the reaction is

positive. Ureais hydrolysed if the entire medium turns red.

2.4.12 Motility- hanging drop method

Many bacteria show no motion and are termed nonmoatile. However, in an aqueous
environment, these same bacteria appear to be moving erratically. This erratic
movement is due to Brownian movement. Brownian movement results from the
random motion of the water molecules bombarding the bacteria and causing them to
move. True motility (self-propulsion) has been recognized in other bacteria and
involves severa different mechanisms. Bacteria that possess flagella exhibit flagellar
motion. Helical-shaped spirochaetes have axia fibrils (modified flagella that wrap
around the bacterium) that form axial filaments. These spirochaetes move in a
corkscrew- and bending-type motion. Other bacteria simply slide over moist surfaces
in a form of gliding motion. The above types of motility or nonmotility can be
observed over along period in a hanging drop slide (Figure 2.5). Hanging drop slides
are also useful in observing the general shape of living bacteria and the arrangement of
bacterial cells when they associate together. A ring of Vaseline around the edge of the
coverslip keeps the slide from drying out.

Procedure

- With atoothpick, a small ring of petroleum jelly was spreaded around the concavity
of adepression dlide.
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- After thoroughly mixing one of the cultures, using the inoculating loop to aseptically
a small drop of one of the bacterial suspensions was placed in the center of a cover
glass.

- The depression slide was lowered, with the concavity facing down, onto the cover
glass so that the drop protrudes into the center of the concavity of the dlide. Press
gently to form a seal.

- Turned the hanging drop slide over and placed on the stage of the microscope so that
the drop was over the light hole.

- The drop was examined by first locating its edge under low power and focusing on
the drop. Switch to the high-dry objective and then, using immersion oil, to the 100x
objective. In order to see the bacteria clearly, the diaphragm was closed as much as
possible for increased contrast. Bacterial shape, size, arrangement, and motility was
noted.

Toothpick

Vaseline ring

O Slide concavity

Inoculating loop

(a)

lag
. Drop of bacterial culture
(b) T Coverslip
‘ L L ] ', Move slide to coverslip
) A Drop of bacterial culture

Vaseline

(d) f - Saim— f Tum slide over

Figure 2.5 Preparation of a hanging drop slide (source: Harley-Prescott, Laboratory
exercises in microbiology, 2002).

2.4.13 Methyl red test and Voges-Proskauer reaction

These tests both use the same broth for bacterial growth. The broth is called MRVP
broth. After growth, the broth was separated into two different tubes, one for the methyl
red (MR) test and one for the Voges-Proskauer (VP) reaction.
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The methyl red test detects production of acids formed during metabolism using mixed
acid fermentation pathway using pyruvate as a substrate. The pH indicator Methyl Red
was added to one tube and a red color appears at pH’s lower than 4.2, indicating a
positive test (mixed acid fermentation was used). The solution remaining yellow (pH =

6.2 or above) indicates a negative test, meaning the butanediol fermentation was used.

The VP reaction uses apha-naphthol and potassium hydroxideto test for the presence
of acetylmethylcarbinol (acetoin), an intermediate of the 2,3-butanediol fermentation
pathway. After adding both reagents, the tube was shaken vigorously then allowed to sit
for 5-10 minutes. A pinkish-red color indicates a positive test, meaning the 2,3-

butanediol fermentation pathway was used.

Media preparation: Separately 5 g of glucose, 5 g of peptone and 5 g of dipotassium
hydrogen phosphate was weighed and al the ingredients were suspended in distilled
water. Made up to 1000 ml. pH was adjusted to 6.9. Three (3) ml of the media was
dispensed into each test tube, which were plugged and sterilized at 121°C.

Reagents needed: Barritt’sreagents A and B

Preparation of Barritt’sreagent: It consists of two solutions;
1. Solution A was prepared by dissolving 6 grams of a-naphtholin in 100 ml of
95% ethyl alcohol.

2. Solution B was prepared by dissolving 16 grams of potassium hydroxide in 100
ml of water.
Procedure: Using sterile technique, each experimental organism was inoculated to the
appropriately labeled tube of medium by means of loop inoculation. The cultures were
incubated for 24-48 hours at 37°C. The experiment should be conducted in the Laminar
Air Flow (LAF). Arrange the materials required for the experiment in the LAF.

- From an 18-24 hour old culture the tube was lightly inoculated by a single
colony.
- Thetubeswere incubated at 35-37°C for 48 hours with slightly loosen cap.

- After incubation, using a sterile pipette to remove two - 1ml aliquots and
place into two small tubes (one tube was for the methyl red test and the other
for the Voges-Proskauer reaction).

- 5 drops of methyl red was added to one tube. The results were noted
immediately.
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- For the Voges-Proskauer reaction 15 drops of Voges-Proskauer reagent A
was added. Oxygen was needed to complete the reaction, so to aerate the
sample mixed them well.

- 5drops of Voges-Proskauer reagent B was added to the tube and mixed well
to aerate the sample.

I nter pretation of findings
Methyl Red - A red color at the surface was considered a positive result. A negative test
was indicated by a yellow color at the surface.
Voges-Proskauer - A positive test was indicated by a pink-red color developing within
5 minutes.
MR positiveresult:

Glucose ------ Glucose Metabolism------- > Pyruvic Acid

Pyruvic acid --------------- > Acetoin

Acetoin + added a pha-naphthol + added KOH = red color

MR negative result:
Glucose ------ Glucose Metabolism------- > Pyruvic Acid
Pyruvic acid ----------------- > No Acetoin
No acetoin + added al pha-naphthol + added KOH = copper color

2.4.14 Acid production from sugars
(carbohydrate/sugar utilization/fermentation test)

This test was performed to determine the ability of microbes to ferment carbohydrates

with the production of an acid and/or gas.

Principle: Sugars are metabolized through different metabolic pathways depending on
types of microbia species and aerobic or anaerobic environment. If fermenting bacteria
are grown in a liquid culture medium containing the carbohydrate, they may produce
organic acids as by-products of the fermentation. These acids are released into the
medium and so lower pH of medium. If a pH indicator such as phenol red or
bromocresol blue is included in the medium, the acid production will change the
medium from its original color to yellow. Gases produced during the fermentation
process can be detected by using a small, inverted tube, called a Durham tube, within
the liquid culture medium. If gasis produced, the liquid medium inside the Durham tube
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will be replaced by the gas in the form of a bubble. Phenol Red Broth Base was used as
a basal medium to which carbohydrates were added for determination of fermentation

reactions of pure cultures of microorganisms.

Procedure: The ingredients (peptone, NaCl, Beef extract and phenol red) were
suspended into distilled water, mixed well. To ensure complete solution heated and 5 ml
of media was distributed in fermentation tubes. Sterilized by autoclaving at 15 lbs
pressure (121°C) for 30 minutes and filter sterilized carbohydrate solution or
carbohydrate disc was aseptically added to sterile basa medium. The tubes were
incubated at 37°C for 24-36 hours.

Stock solution:
(i) Using carbohydrate stock solution: Dilute 2 g of carbohydrate in 10 ml distilled
water. Then filtered the solution and 300 pl of stock solution was added to each tube
(5 ml) to reach the concentration at 5-10%.
(if) Using carbohydrate disc: The carbohydrate disc (25 mg/disc) was dispensed in 5 ml
phenol red broth solution.

The result was recorded as heavy growth (++, gives opaque solution), growth (+, look
turbid) and no growth (-, gives atransparent or clear look as control tube). This test was
performed with carbohydrate disc (Hi-media, India) also. The phenol red glucose broth
was inoculated with bacteriainto the tube with the disc and incubated at 37°C.

Interpretation of findings: If the medium changes from colorless to yellow and gas
bubble was found in Durham’s tube then it indicates acid and gas production. In some
cases gas may not be evolved during the process. If no change observed in the color of

medium then sugar was not degraded by the organism.

2.4.15 Antibiotic susceptibility test

Bacteria demonstrate two kinds of resistance to antibiotics, namely intrinsic resistance
and acquired resistance. Intrinsic resistance means that the species was resistant to an
antibiotic even before its introduction. Acquired resistance means that the species was
originally susceptible to an antibiotic, but later became resistant. Bacteria can acquire
antibiotic resistance either by mutation or through exchange of genetic material among

same or closely related species. The sudden acquisition of resistance to antibiotics poses
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difficulties in treating infections. Resistance to several different antibiotics at the same
time is even more significant problem. It is because of the acquired resistance that

bacterial isolates must be subjected to antibiotic susceptibility testing.

When fish become exposed to antimicrobial compounds, there will undoubtedly be an
impact on the composition of the microflora and on antibiotic resistance patterns (Austin
and Al-Zahrani 1988, Hansen et al. 1992, Alvarez et al. 2001, Pedersen and Dalsgaard
2003, Cabello 2004, Moffitt and Mobin 2006). This, in turn, may impact upon the
transmission of antibiotic resistance, such as via R-factors (Alvarez et al. 2001), to other

bacteria, and perhaps of significance to humans (Austin 2006).

Resistance to antimicrobia agents (AMR) has resulted in morbidity and mortality from
treatment failures and increased health care costs. Although defining the precise public
health risk and estimating the increase in costs is not a simple undertaking, there islittle
doubt that emergent antibiotic resistance is a serious global problem. Resistance factors,
particularly those carried on mobile elements, can spread rapidly within human and
animal populations. Multidrug-resistant pathogens travel not only locally but also
globally, with newly introduced pathogens spreading rapidly in susceptible hosts.
Antibiotic resistance patterns may vary localy and regionally, so surveillance data
needs to be collected from selected sentinel sources. Patterns can change rapidly and
they need to be monitored closely because of their implications for public heath and as
an indicator of appropriate or inappropriate antibiotic usage by physiciansin that area.

Lalitha (2004) stated that with the introduction of a variety of antimicrobials it became
necessary to perform the antimicrobial susceptibility test as a routine. For this, the
antimicrobial contained in a reservoir was allowed to diffuse out into the medium and
interact in a plate freshly seeded with the test organisms. Even now a variety of
antimicrobial containing reservoirs are used but the antimicrobial impregnated
absorbent paper disc is by far the commonest type used. The disc diffusion method of
antimicrobial susceptibility testing (AST) is the most practical method and is still the
method of choice for the average laboratory. Automation may force the method out of
the diagnostic laboratory but in this country as well as in the smaller laboratories of
even advanced countries, it will certainly be the most commonly carried out
microbiological test for many years to come. It is, therefore, imperative that
microbiologists understand the principles of the test well and keep updating the
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information as and when necessary. All techniques involve either diffusion of
antimicrobial agent in agar or dilution of antibiotic in agar or broth. Even automated

techniques are variations of the above methods.

Antimicrobial resistance is a global problem. Emergence of multidrug resistance has
limited the therapeutic options, hence monitoring resistance is of paramount importance.
Antimicrobial resistance monitoring will help to review the current status of
antimicrobia resistance locally, nationaly and globally and helpful in minimizing the
consequence of drug resistance, limit the emergence and spread of drug resistant
pathogens.

Antimicrobial susceptibility testing methods are divided into types based on the
principle applied in each system. They include as diffusion, dilution, and diffusion and

dilution.

Diffusion Dilution Diffusion & Dilution

Stokes method Minimum Inhibitory Concentration  E-Test method

Kirby-Bauer method i) Broth dilution
i) Agar Dilution

A wide range of different 3-lactam antibiotic discs were used to determine the resistance
and sengitivity pattern of the isolates. The isolated bacterial strains were grown
overnight in nutrient broths that were placed in the orbital shaker at 30°C temperature at
160 rpm. Fresh nutrient broth cultures of 18 to 20 hours old were spreaded on to
previously made nutrient agar plate. After soaking, antibiotic discs from different
manufacturer (Oxoid Ltd., England; Becton-Dickinson, USA; Mast Diagnostics, UK)
were placed and inverted petri plates were kept in incubator for overnight incubation at
~37°C. The diameter of the inhibition zone was measured (mm). Gentamicin,
Neomycin, Azithromycin, Erythromycin, Ampicillin, Cephradine, Doxycycline,
Tetracycline, Ceftriaxone, Ciprofloxacin, Pefloxacin, Mecillinam, Sulphamethoxazole/

Trimethoprim, Nitrofurantoin and Bacitracin discs were used in the present study.

2.4.16 Colony for ming unit (CFU) deter mination

In microbiology, colony forming unit (CFU) is a measure of viable bacterial or fungal

numbers. Unlike in direct microscopic counts where al cells, dead and living, are
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counted, CFU measures viable cells. By convenience the results are given as CFU/ml,

colony forming units per milliliter.

The theory behind the technique of CFU establish that a single bacterium can grow
and become a colony, via binary fission. These colonies are clearly different between
each other, both microscopica and macroscopical. However, some bacteria do not
separate completely during the sample preparation process (Staphylococcus,
Streptococcus) and the results of the count will be below the number of individual
cells using direct methods.

A colony is a cluster of microorganisms growing on the surface of or within a solid
medium; usually cultured from a single cell. Each bacterial cell arises either by division
of a preexisting cell with similar characteristics (i.e., binary fission), or through a
combination of elements from two such cellsin a sexual process.

Statistical significance, when applied to incubated plates, depends upon the research
hypothesis, the power of the test, the difference between the numbers of colonies
observed under the experimental and control conditions, and the accuracy of the
counting methodology.

Many studies require the quantitative determination of bacterial populations. The two
most widely used methods for determining bacterial numbers are the standard, or viable,
plate count method and spectrophotometric (turbidimetric) analysis. Although the two
methods are somewhat similar in the results they yield, there are distinct differences. For
example, the standard plate count method is an indirect measurement of cell density and
reveals information related only to live bacteria. The spectrophotometric analysis is

based on turbidity and indirectly measures all bacteria (cell biomass), dead or adive.

The standard plate count method consists of diluting a sample with sterile saline or
phosphate buffer diluent until the bacteria are dilute enough to count accurately. That is,
the final plates in the series should have between 25 and 250 colonies. Fewer than 25
colonies are not acceptable for statistical reasons, and more than 250 colonies on a plate
are likely to produce colonies too close to each other to be distinguished as distinct

colony forming units (CFUSs).
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The assumption is that each viable bacterial cell is separate from all others and will
develop into a single discrete colony (CFU). Thus, the number of colonies should give
the number of live bacteriathat can grow under the incubation conditions employed. A
wide series of dilutions was normally plated because the exact number of live bacteria
in the sample was usually unknown. Greater precision is achieved by plating
duplicates or triplicates of each dilution. Increased turbidity in a culture is another
index of bacteria growth and cell numbers (biomass). By using a spectrophotometer,
it was observed that the amount of transmitted light decreases as the cell population
increases. The transmitted light is converted to electrical energy, and this is indicated
on a galvanometer. The reading indirectly reflects the number of bacteria. This method
is faster than the standard plate count but is limited because sensitivity is restricted to

bacterial suspensions of 10’ cells or greater.

Procedure

Standard plate count (Figure 2.6)

- The bottoms of six petri plates were labeled with the following dilutions: 107,
10°, 10°°, 107, 10°®, and 10°°. Four bottles of saline or phosphate buffer
solution were labeled as 107, 107, 10°°, and 10°®,

- Using aseptic technique, the initia dilution was made by transferring 1.0 ml
of liquid sample to a 99.0 ml sterile saline blank. This is a %10 or 1072
dilution. The bottle was capped.

- The 107 blank was then shaken vigorously 25 times by placing one’s elbow
on the bench and moving the forearm rapidly in an arc from the bench surface
and back. This serves to distribute the bacteria and break up any clumps of
bacteria that may be present.

- Immediately after the 107 blank has been shaken, uncapped it and aseptically
transferred 1.0 ml to a second 99 ml saline blank. Since this was a 10
dilution, this second blank represents a 10~ dilution of the original sample.
The bottle was capped.

- Shake the 107 blank vigorously 25 times and transferred 1.0 ml to the third
99 ml blank. Thisthird blank represents a 10°° dilution of the origina sample.
The process was repeated once more to produce a 107 dilution.

- Shake the 10 blank again and asepticaly transfer 1.0 ml to one petri plate and
0.1 ml to another petri plate. The same was done for the 10°° and the 10°® blanks.
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- Remove one agar pour tube from the 48° to 50°C water bath. Carefully
remove the cover from the 10~ petri plate and aseptically poured the agar
into it. The agar and sample were immediately mixed by gently moving the
plate in a figure-eight motion while it rests on the tabletop. This process
repeated for the remaining five plates.

- After the pour plates have cooled and the agar has hardened, they are inverted
and incubated at 35°C for 24 hours.

- At the end of the incubation period, all of the petri plates containing between
25 and 250 colonies were selected for counting. Plates with more than 250
colonies cannot be counted and were designated too numerous to count
(TNTC). Plates with fewer than 25 colonies were designated too few to count
(TFTC). Count the colonies on each plate.

- The number of bacteria (CFU) per milliliter or gram of sample was calculated
by dividing the number of colonies by the dilution factor. The number of
colonies per ml reported should reflect the precision of the method and should
not include more than two significant figures.

2.4.17 Minimum Inhibitory Concentration (M1C)
(broth tube dilution method)

A current definition of the Minimum Inhibitory Concentration, MIC, is “the lowest
concentration which resulted in maintenance or reduction of inoculums viability”
(Carson et al. 1995). Minimum inhibitory concentration is a difficult subject. The
traditional methods of analysis do not allow a quantitative measurement; MIC is, in
effect, arange of concentrations depending on the dilution series used. M easurement of
the MIC should be a first line technique of discovery for the biocide and preservative
scientist, but in many laboratories, it is used as an indicator of activity rather than
something of real substantive value (Lambert and Pearson 2000).

Minimum Inhibitory Concentration and Minimum Bactericidal Concentration (MBC)
testing define a test material’s potency in terms of the concentration at which it will
inhibit growth (MIC) or completely kill (MBC) microorganisms during a 18 to 20 hour
period of incubated (35 + 2°C) exposure. It means the lowest concentration of antibiotic
that completely prevented bacterium growth or completely kill them. MIC and MBC test
was done by broth tube dilution method (Figure 2.7, 2.8) which is as follows:
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Figure 2.6 Determination of CFU by standard plate count method (source: Harley-
Prescott, Laboratory exercises in microbiology, 2002).
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The tube dilution test is the standard method for determining levels of resistance to
an antibiotic. Serial dilutions of the antibiotic are made in a liquid medium which is
inoculated with a standardized number of organisms and incubated for a prescribed
time. The lowest concentration (highest dilution) of antibiotic preventing appearance of
turbidity is considered to be the MIC. At this dilution the antibiotic is bacteriostatic.
Additionally, the MBC was determined by subculturing the contents of the tubes onto

antibiotic-free solid medium and examining for bacterial growth.

Although the tube dilution test is fairly precise, the test is laborious because serial
dilutions of the antibiotic must be made and only one isolate can be tested in each series

of dilutions.

Procedure

Sterile capped test tubes were numbered 1 through 9. All of the following
steps are carried out using aseptic technique.

- 2.0 ml of antibiotic solution (1280 pg/ml) was added to the first tube.
- 1.0 ml of sterile broth was added to all other tubes.
- 1.0 ml from thefirst tube was transferred to the second tube.

- Using a separate pipette, the contents of this tube were mixed and 1.0 ml was
transferred to the third tube.

- Continue dilutions in this manner to tube number 8, being certain to change
pipettes between tubes to prevent carryover of antibiotic on the external
surface of the pipette.

- 1.0 ml from tube 8 was removed and discarded. The ninth tube, which serves
as acontrol, receives no antibiotic.

- Suspend to an appropriate turbidity several colonies of the culture to be tested
in 5.0 ml of nutrient broth to give aslightly turbid suspension.

- This suspension was diluted by aseptically pipetting 0.2 ml of the suspension
into 40 ml of nutrient broth.

- 1.0 ml of the diluted culture suspension was added to each of the tubes. The
final concentration of antibiotic is now one-half of the origina concentration
in each tube.
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- All tubes were incubated at 35°C overnight.

- Tubes for visible signs of bacteria growth were examined. The highest
dilution without growth is the minimum inhibitory concentration (MIC).

- MBC was determined from broth dilution minimum inhibitory concentration
(MIC) tested by subculturing 1 ml of cultureto 1 ml nutrient broth.

Minimum inhibitory concentration was determined when an organism does not respond
to treatment thought to be adequate, relapses while being treated or when there is
immunosuppression. Broth dilution testing alows the option of providing both
guantitative (MIC) and qualitative (category interpretation) results. MIC can be helpful
in establishing the level of resistance of a particular bacteria strain and can substantially

affect the decision to use certain antimicrobia agents.

Preparation of antibiotic stock solution: Antibiotic stock solution was prepared by
commercialy available antimicrobial powders (with given potency) and the amount
needed and the diluents in which it can be dissolved can be calculated by using either of
the following formulas to determine the amount of powder (1) or diluent (2) needed for

a standard solution:

Volume ml x Concentration (ug/ml)

Weight =
elght ms Potency (pg/mg)
or
Weight mg x Potency (pg/mg)
Volume ml =

Concentration (pg/ml)

Antimicrobia agent stock solutions was prepared at concentrations of at least 1000 pg/ml
(example: 1280 pg/ml) or 10 times the highest concentration to be tested, whichever was
greater. Solutions were sterilized by membrane filtration. Small volumes of the dterile

stock solutions were dispensed into sterile glass vids; carefully sealed; and stored.

Preparation of antibiotic dilution range:
e Sterile 13x100 mm test tubes were used to conduct the test.

e Thetubeswere closed with loose screw-caps, or cotton plugs.

e Thefina twofold dilutions of antimicrobial agent were prepared volumetricaly in
the broth. A minimum final volume of 1 ml of each dilution was used for the test.
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Preparation of inoculums:
e The inoculums were prepared by making a direct broth suspension of isolated
colonies selected from an 18 to 24 hour agar plate.

e Optimally within 15 minutes of preparation, the adjusted inoculum suspension
was diluted in broth so, after inoculation, each tube contains approximately
5x10° CFU/ml. This can be accomplished by dilution resulting in a tube
containing approximately 1x10° CFU/ml.

Inoculation: Within 15 minutes after the inoculums has been standardized as described
above, 1 ml of the adjusted inoculum was added to each tube containing 1 ml of
antimicrobia agent in the dilution series (and a positive control tube containing only
broth), and mix. This resultsin a 1:2 dilution of each antimicrobial concentration and a
1:2 dilution of the inoculums. The inoculated tubes were incubated at 35+2°C for 16 to
20 hours in an ambient air incubator. The same incubation temperature was maintained

for al cultures.

Interpretation: The amount of growth were compared in the tubes containing the
antimicrobia agent with the amount of growth in the growth-control wells or tubes (no
antimicrobia agent) used in each set of tests when determining the growth end points.
The lowest concentration at which the isolate was completely inhibited (as evidenced by
the absence of visible bacterial growth) was recorded as the minimal inhibitory
concentration or MIC.

2.4.18 Optimization of theisolates

2.4.18.1 Effect of temperature on growth: Microorganisms have been found growing
invirtualy al environments where thereis liquid water, regardless of its temperature. In
1966, Professor Thomas D. Brock at Indiana University, made the amazing discovery in
boiling hot springs of Y ellowstone National Park that bacteria were not just surviving
there, they were growing and flourishing. Boiling temperature could not inactivate any
essential enzyme. Subsequently, procaryotes have been detected growing around black
smokers and hydrothermal vents in the deep sea at temperatures at least as high as
115°C. Microorganisms have been found growing at very low temperatures as well. In
supercooled solutions of H,O as low as -20°C, certain organisms can extract water for
growth, and many forms of life flourish in the icy waters of the Antarctic, as well as
household refrigerators, near 0°C.
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Thermophiles are adapted to temperatures above 60°C in a variety of ways. Often
thermophiles have a high G + C content in their DNA such that the melting point of the
DNA (the temperature at which the strands of the double helix separate) is at least as
high as the organism’s maximum temperature for growth. But this is not always the
case, and the correlation is far from perfect, so thermophile DNA must be stabilized in
these cells by other means. The membrane fatty acids of thermophilic bacteria are
highly saturated allowing their membranes to remain stable and functional at high
temperatures. The membranes of hyperthermophiles, virtually all of which are Archaea,
are not composed of fatty acids but of repeating subunits of the C5 compound, phytane,
a branched, saturated, “isoprenoid” substance, which contributes heavily to the ability of
these bacteria to live in superheated environments. The structural proteins, e.g.
ribosomal proteins, transport proteins (permeases) and enzymes of thermophiles and
hyperthermophiles are very heat stable compared with their mesophilic counterparts.
The proteins are modified in a number of ways including dehydration and through slight
changesin their primary structure, which accounts for their thermal stability.

2.4.18.2 Effect of pH on growth: The pH or hydrogen ion concentration [H*], of
natural environments varies from about 0.5 in the most acidic soils to about 10.5 in the
most alkaline lakes. Appreciating that pH is measured on alogarithmic scale, the [H™] of
natural environments varies over a billion-fold and some microorganisms are living at
the extremes, as well as every point between the extremes. Most free-living procaryotes
can grow over arange of 3 pH units, about a thousand fold changes in [H*]. The range
of pH over which an organism grows is defined by three cardina points. the minimum
pH, below which the organism cannot grow, the maximum pH, above which the
organism cannot grow, and the optimum pH, at which the organism grows best. For
most bacteria there is an orderly increase in growth rate between the minimum and the
optimum and a corresponding orderly decrease in growth rate between the optimum and
the maximum pH, reflecting the general effect of changing [H'] on the rates of

enzymatic reaction.

In the construction and use of culture media, we always consider the optimum pH for
growth of a desired organism and incorporate buffers in order to maintain the pH of the
medium in the changing milieu of bacteria waste products that accumulate during
growth. Many pathogenic bacteria exhibit a relatively narrow range of pH over which
they will grow. Most diagnostic media for the growth and identification of human
pathogens have a pH near 7.
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2.4.18.3 Effect of salinity on growth: Though microorganisms can grow at variant
environment there is a optimum condition to grow. Marine bacteria needed high salt
concentration for their growth, where bacteria living in freshwater environment do not
need such sainity. The only common solute in nature that occurs over a wide
concentration range is salt (NaCl), and microorganisms are named based on their growth
response to salt. Microorganisms that require some NaCl for growth are halophiles.
Mild halophiles require 1-6% sat, moderate halophiles require 6-15% salt, extreme
hal ophiles require 15-30% NaCl for growth. Bacteria that are able to grow at moderate
salt concentrations, even though they grow best in the absence of NaCl, are called
halotolerant. Although halophiles are “osmophiles” (and halotolerant organisms are
“osmotolerant”) the term osmophiles is usually reserved for organisms that are able to
live in environments high in sugar. Organisms which live in dry environments (made

dry by lack of water) are called xerophiles.

In the present study there is an opportunity to record the tolerance limit of the isolates at
different temperature (25, 29, 33 and 37°C), pH (6, 7 and 8) and salinity (1, 2 and 3%). In
this purpose nutrient broth was prepared following manufacturer’s instruction and kept at
an orbital shaker where temperature was maintained in case of temperature optimization.
This was perhaps the most laborious work done and no doubt a series of factors were
maintained among all the protocol done in the present study. Procedures done in this

purpose and reading of photoelectric colorimeter were recorded at purifying platform.

2.4.19 Molecular identification

The last fifteen years of the twentieth century allowed for an exponential increase in the
knowledge of techniques in molecular biology, following the cellular and protein era of
the 1970s and 1980s. This explosion of technologies from the primary discipline of
molecular biology has had maor consequences and has alowed for significant
developments in many areas of the life sciences, including bacteriology. Although, most
modern clinical microbiology diagnostic laboratories rely on a combination of colonial
morphology, physiology and biochemical/serological markers, for their successful
identification either to the genus level or more frequently to the species level. It is
important that organisms are correctly identified for a number of reasons, including the
correct epidemiological reporting of causal agents in a given disease state, as well as for
infection control purposes (Millar et al. 2007).
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Molecular methods are increasingly being used. For example, numerous publications
have discussed the sequencing of 16S rRNA genes (Haygood et al. 1992, Haygood
1993, van der Maard et al. 1999, Spanggaard et al. 2000, Holben et al. 2002, Kim et al.
2007). Woo et al. (2008) gave a description and mentioned that with the use of 16S
rDNA sequencing, 215 novel bacterial species, 29 of which belong to novel genera,
have been discovered from human specimens in the past 7 years of the 21st century
(2001-2007). Approaches have gone from the traditional (Liston 1957), through
numerical taxonomy studies involving large numbers of isolates (e.g., 197 cultures
investigated in one study (Grimes et al. 1993); 473 isolates studied in another (Montes
et al. 1999)), to culture-independent molecular approaches (e.g., partial sequencing of
the 16S rRNA gene (Spanggaard et al. 2000, Kim et al. 2007)). The benefit of the later
is the recognition of organisms that may or may not be culturable by conventional
techniques (Huber et al. 2004). Sometimes, the phenetic approach has centered on the
use of rapid systems, such as BIOLOG or MIDI (Nedoluha and Westhoff 19973, b). It is
encouraging that some comparative studies have pointed to congruence between
phenotypic and molecular analyses (Spanggaard et al. 2000). Overall, it would appear
that narrow-based studies focusing on a limited number of bacterial groups are often
more successful than those that attempt to be broad-based, trying to consider all of the
bacteria from fish. From the published literature, it is apparent that there are many
similarities between the bacterial populationsin fish and water (Liston 1957, Evelyn and
McDermott 1961, Colwell 1962, Pacha and Porter 1968, Simidu and Kaneko 1969,
Austin 1982 and 1983, Allen et al. 1983b, Nieto et al. 1984, Apun et al. 1999, Diler et
al. 2000). Bacteria taxonomy has progressed from reliance on highly artificial culture-
dependent techniques involving the study of phenotype (including morphological,
biochemical and physiological data) to the modern applications of molecular biology,
most recently 16S rRNA gene sequencing, which gives an insight into evolutionary
pathways (= phylogenetics) (Austin 2011).

There is evidence that molecular techniques have been used with increasing regularity
for bacterial pathogens. A timely overview of PCR with emphasis on validation of the
techniques and problems relating to diagnosis has been published (Hiney and Smith
1998). Molecular methods, namely sequencing of the 16S rRNA gene, permit the study
of evolutionary relationships, i.e. phylogenetics, which may be viewed as phylogenetic
trees, which are interpreted by cladistics and used in defining taxa (Austin 2011).
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2.4.19.1 DNA-based diagnostics

Developments in bacterial ecology and industrial biotechnology are severely hampered
by the lack of reliable identification system (Bull et al. 1993, Goodfellow and
O’Donnell 1993). To obtain a phenotypic description requires long and fastidious work,
which does not aways warrant satisfactory identifications of bacterial species.
Following determination of the structure of DNA by Watson and Crick (1953), studies
in bacteriology have seen a major shift from functional to molecular techniques for
identifying bacteria. Phylogenetic relationships among various organisms and their
identification now can be derived from degree of DNA relatedness of their genomes:
two closdly related organisms share significant homologies, while distant organisms
display low homologies. DNA-DNA relatedness is best suited for identification of
closely related species or strains within a single species no doubt. Presently, a direct
comparison of rRNA genes sequence is probably the most powerful tool for the
identification of many bacteria (Stackebrandt and Goodfellow 1991). These genes have
acquired paramount relevance for the study of bacteria evolution and phylogeny.
Indeed, rRNA genes (rDNA) are present and expressed in all bacterial species, are truly
homologous in al organisms, are easily sequenced and now offer a large and ever
increasing database of sequences and alow the identification of bacteria (Amann et al.
1994). The sequences of gene coding for 16S rDNA is aso a powerful tool for deducing
phylogenetic and evolutionary relationships among eubacteria, archaebacteria and
eucaryotic organisms because of their high information content, conservative nature and
universal distribution (Lane et al. 1985, Woese 1987). The 16S rDNA sequence analysis
is a standard method for the investigation of their phylogenetic relationships (Y anamoto
and Harayama 1995). Even though some closely related species may have only a few
differences in their 16S rDNA sequences, a phylogenetic tree can be established to give

them an exact taxonomic position (Collins et al. 1991).

This study was therefore undertaken to sequence 16S rRNA gene of isolated bacteria
identified in previous section and an attempt to: (i) clarify the intrageneric relationships
of identified isolates and compare the sequence similarities with Genebank databases,
(i) to know the taxonomic position of the identified isolates; and (iii) identify regionsin

16S rRNA genes which will have avalue to develop probe in future.
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The most recent advances in diagnostics have come from the field of Molecular
Biology. The cloning and manipulating of genetic material has led to the development
of extremely sensitive and specific diagnostic systems (Lipton et al. 1998). DNA based
test formats have entered into the area of infectious disease diagnosis for aguatic
species. Reddington and Lightner (1994) confirmed that the DNA probe is created by
purifying the infectious agent of interest and isolating its nucleic acid. An exact copy of
the DNA or a portion of the DNA is made by the cloning process. This copy or probe
will bind to the original DNA of the pathogen whenever the two come into contact. In
order to accomplish this efficiently, the DNA strands of both the pathogen and the probe
must first be separated by heating. After the strands have been separated, one of the
strands of the probe can bind to its complementary strand from the pathogen.

Molecular biology has become a routine tool in the search for improved methods of
diagnosis and control of fish diseases and the epidemiology of bacterial, viral, and
parasitical diseases. Molecular techniques are potentially faster and more sensitive than
culture, serology, and histology methods that are traditionaly used to identify fish
pathogens. Pathogens can be detected from asymptomatic fish by molecular diagnostic
techniques so disease outbreak could be prevented. Thus antibiotic treatment can be
reduced so that creation of antibiotic resistant bacteria may be eliminated (Altinok and
Kurt 2003).

Traditionally the diagnosis of the disease is carried out by agar cultivation and then
phenotypic and serological properties of the pathogen or histological examination
(Bernardet et al. 1990, Pazos et al. 1996). Furthermore, some of the bacteria could not
be differentiated by conventional diagnostic methods from other phenotypically similar
bacteria of the same genera (Shewan and McMeekin 1983). Some attempts have been
made using biochemical tests, DNA homology and protease variability (Pyle and Shotts
1980, Bertolini and Rohovec 1992, Chen et al. 1995), but these techniques have some
disadvantages such as need for previous isolation of the pathogen and insufficient
sensitivity to detect low levels of pathogen.

Genomic DNA isolation protocol

Cultures were grown to mid log-phase at 25°C in 100 ml nutrient broth in a orbital
shaker (VS 201D, Vision Scientific, Korea). Genomic DNA was extracted from the
bacterial cells using TIANamp Bacteria DNA kit (Tiangen, China) and purified
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according to the manufacturer’s instruction and used apparatus details were presented in
Table 2.2 and Appendix I11.

1-5 ml bacterial culture suspension was pipetted in a microcentrifuge tube by
centrifuging for 1 min a 10,000 rpm (~11,500xg). Supernatant was
discarded.

200 pl Buffer GA was added and mixed thoroughly by vortexing.

For the more difficult broken Gram-positive bacteria step 2 was skipped, lysozyme
was added, the specific methods were: 180 pl enzymatic lysis buffer (20 mM
Tris-Cl, pH 8.0; 2 mM sodium EDTA; 1.2% Triton® X-100; immediately before use,
add lysozyme to 20 mg/ml) was added. Incubated for 30 min at 37°C.

If RNA-free genomic DNA is required, add 4 pyl RNase A (100 mg/ml, should be
prepared by user, Cat. No.: RT405-11), mix by vortexing for 15s, and incubate for 5
min at room temperature (15-25°C).

20 pl Proteinase K was added and mixed thoroughly by vortexing.

220 pl Buffer GB was added to the sample, mixed thoroughly by vortexing,
and incubated at 70°C for 10 min to yield a homogeneous solution. Briefly
centrifuged the 1.5 ml microcentrifuge tube to remove drops from the inside
of thelid.

220 pl ethanol (96-100%) was added to the sample, and mixed thoroughly by
vortexing for 15s. Briefly centrifuged the 1.5 ml microcentrifuge tube to
remove drops from the inside of thelid.

The mixture was pipetted from step 5 into the TIANamp Spin Column CB3
(in a2 ml collection tube) and centrifuged at 12,000 rpm for 30s. Discarded
flow-through and placed the spin column into the collection tube.

500 pl Buffer GD was added to TIANamp Spin Column CB3, and
centrifuged at 12,000 rpm for 30s, then discarded the flow-through and
placed the spin column into the collection tube.

700 pl Buffer PW was added to TIANamp Spin Column CB3, and
centrifuged at 12,000 rpm for 30s. The flow-through was discarded and
placed the spin column into the collection tube.

500 ul Buffer PW was added to TIANamp Spin Column CB3, and
centrifuged at 12,000 rpm for 30s. The flow-through was discarded and
placed the spin column into the collection tube.

Centrifuged at 12,000 rpm for 2 min to dry the membrane completely.
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The resident ethanol of buffer PW may have some affection in downstream
application.

- The TIANamp Spin Column CB3 was placed in a new clean 1.5 ml
microcentrifuge tube and pipette 50-200 pl Buffer TE or distilled water
directly to the center of the membrane. Incubated at room temperature (15~
25°C) for 2-5 min, and then centrifuged for 2 min at 12,000 rpm.

Table 2.2 Apparatus details used for molecular identification of the isolates.

Name of the Model Company Courytry of
apparatus origin
. . : Wisd Laboratory
Centrifuge WiseSpin CF-10 Instruments Germany
. - Bio-Rad
Gel electrophoresis  Mini-Sub Cell GT Cdll L aboratories, Inc. USA
Thermal Cycler GeneAtlas 482/485 Astec Japan
Gel documentation Alfalmager MINI ProteinSimple CaIL'Jng] '8,
Spectrophotometer NanoDrop 2000 Thermo Scientific USA
Sequencer Genetic Analyzers 3130  Applied Biosystems USA

In the Polymerase Chain Reaction the DNA to be amplified was denatured by heating
the sample in the presence of DNA polymerase and excess dNTPs, the oligonucleotides
that hybridize specifically to the target sequence can prime new DNA synthesis. The
first cycle is characterized by a product of indeterminate length; however, the second
cycle produces the discrete “short product” which accumulates exponentially with each
successive round of amplification. This can lead to the many million fold amplification
of the discrete fragment over the course of 20 to 30 cycles.

The 16S rRNA gene of the isolated bacteria were amplified by a polymerase chain
reaction (PCR) with the forward and reverse primers which correspond to nucleotides
8F-1492R, 8F806R, 8F-907R, 515F-806R, 515F907R and 515F-1492R 16S rRNA
gene sequence, respectively (Table 2.3). The amplified PCR product was cloned and
single forward strand was sequenced using the dideoxy-chain termination method. The
16S rRNA gene sequences were obtained from the GenBank, DDBJ, and EMBL
database. Working steps followed in this study was presented in Figure 2.9 in brief.
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Bacterial colony
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Figure 2.9 Steps of sequence identification.

Table 2.3 Primers and their sequence used in this study.

Primers* Sequence (5639 Target group Reference
8F AGAGTTTGATCCTGGCTCAG Universa Turner et al. 1999
515F GTGCCAGCMGCCGCGGTAA Universa Turner et al. 1999
806R GGACTACCAGGGTATCTAAT Universa McBain et al. 2003
907R CCGTCAATTCMTTTRAGTTT Universa Lane 1991
1492R GGTTACCTTGTTACGACTT Universal Turner et al. 1999

Note: *Numbered primers are named for the approximate position on the E. coli 16S

rRNA molecule.

These primers are frequently used as universal for genomic bacteria DNA. The PCRs

used here were performed in a final volume of 50 ul containing 10 pl of DNA, 5 pl of
10x PCR buffer (50 mM KCI, 2 mM MgCl,, 10 mM Tris HCl), 2.0 pl of dNTPs (5
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mM), 2.0 pl of a5 mM solution of each primer, 0.5 ul of Tag DNA polymerase at 5
U/ul, and 28.5 pl of double-distilled sterile water. We used 1 cycle of denaturation at
95°C for 3:30 min, followed by 35 cycles of denaturation at 95°C for 45s, annealing at
49°C for 45s, and extension at 72°C for 1:30 min, and a final extension round at 72°C
for 10 min. The PCR amplicons were separated electrophoretically in a 1% agarose gel
and visualized after ethidium bromide staining.

Agarose gd dectrophoresis.: The amplified products were separated by e ectrophoress of
10 pL (7 pL PCR product + 3 pL loading dye, Bromophenol blue) of the reaction product in
1.0% agarose gel (Wv™) in Tris-Borate buffer (0.089M Tris, 0.089M boric acid, and 0.002M
EDTA, pH 8), stained with ethidium bromide (1.6 mg/ml). The gel eectrophoresis was
carried out a 70 V at room temperature for ~ 1.0 hour in electrophoresis unit (Bio-Rad,
USA) and DNA bands were visualized usng UV tranglluminator in gl documentation

system. A 1 kb DNA ladder was used as molecular weight markers.

PCR product purification protocol: The PCR products were purified using
TIANquick Midi purification kit (Tiangen, China) following the manufacturer’s

protocol.

- Column equilibration: 500 ul Buffer BL was added to the Spin Column
CB2. Centrifuged for 1 min at 12,000 rpm (~13,400 x @) in a table-top
microcentrifuge. The flow-throw was discarded, and then placed Spin
Column CB2 in the collection tube.

- 5 volumes of Buffer PB was added to 1 volume of the PCR reaction or
enzymatic reaction and mixed.

- The mixture was transferred to the Spin Column CB2 and stand for 2 min at
room temperature (15-25°C). Centrifuged for 30~60s at 12,000 rpm
(~13,400 % g) in atable-top microcentrifuge. The flow-throw was discarded,
and then placed Spin Column CB2 back into the same collection tube.

- To wash, 600 pl Buffer PW was added to the Spin Column CB2 and
centrifuged for 30-60s at 12,000 rpm (~13,400 x g). The flow-through was
discarded, and placed Spin Column CB2 back in the same collection tube.

- The Spin Column CB2 was washed with 600 uyl Buffer PW and centrifuged
for 30-60s at 12,000 rpm (~13,400 x g). The flow-through was discarded,
and centrifuged for an additional 2 min to remove residual wash buffer PW.
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- The Spin Column CB2 was placed in a clean 1.5 ml microcentrifuge tube.
To elute DNA, 30-50 pl Buffer EB or deionized water (pH 7.0-8.5) was
added to the center of membrane, let the column stand for 2 min, and
centrifuged for 2 min at 12,000 rpm (~13,400 x g).

- Alternatively, for increased DNA concentration, the solution gained from
step 6 was added to the center of membrane again, let the columns stand for
1 min, and then centrifuged.

2.4.19.2 Estimation of DNA
The total DNA yield and quality were determined spectrophotometrically by NanoDrop
2000 (Thermo Scientific, USA).

2.4.19.3 16SrRNA gene sequencing and data analysis

In 1977, two different methods for sequencing DNA were developed, namely, the chain
termination method and the chemica degradation method. Both methods were equally
popular to begin with, but, the chain termination method soon become more popular and
this method is more commonly used today. This method is based on the principle that
single-stranded DNA molecules that differ in length by just a single nucleotide can be
separated from one another using polyacrylamide gel electrophoresis. The fixed laser
beam excites the fluorescently labeled DNA bands and the light emitted is detected by
sensitive photodetectors. DNA sequence data is the most accurate and definitive way to
identify microbes because the microbes may be identified by base pair to base pair of
the nucleic acid. The DNA sequences of the variable regions form the basis of
phylogenetic classification of microbes. By sequencing broad range PCR products, it is
possible to detect DNA from almost any bacterial species. After comparing the resulting
sequences with known sequences in GenBank or other databases, the identity of the
unknown bacteria can be revealed. Since the 1990s, 16S rDNA sequencing has become
a powerful tool, which is used more and more in microbia detection and identification
algorithms, especially for unusua, non-culturable, fastidious and slow growing
pathogens, or after antibiotics that have been administered to the patient. Such a
technique as this is becoming a routine method of detection and identification of
bacteria, thus overall helping to combat infectious diseases (Millar et al. 2007). Sanger
sequencing workflow using dye terminator technology was followed for the present
study (Appendix 1V).
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Sequencing analysis was performed on a ~800 bp PCR product. The sequence analysis
was performed using the ABI 3130 genetic analyzer and Big Dye Terminator version
3.1 cycle sequencing kit. The 16S rRNA sequences were aigned and compared with
other 16Sr RNA genes in the GenBank by using the NCBI Basic Loca Alignment
Search Tool (BLASTN) (http://www.ncbi.nlm.nih.gov/BLAST). A distance matrix was
generated using the Jukes-cantor corrected distance model. The phylogenetic trees were
formed using Weighbor (Weighted Neighbor Joining: A Likelihood-Based Approach to
Distance-Based Phylogeny Reconstruction) with alphabet size 4 and length size 1000.
The 16S rRNA gene sequences were deposited to Genbank using Banklt submission

tool.

2.4.19.4 Phylogenetic analysis

Phylogenetic analysis is the process used to determine the genetic evolutionary
connections between species. The results of an analysis can be drawn in a hierarchical
diagram called a cladogram or phylogram (phylogenetic tree). The branchesin atree are
based on the hypothesized evolutionary relationships (phylogeny) between organisms.
Each member in a branch, also known as a monophyletic group, was assumed to be a
descendent from a common ancestor. Although originally, phylogenetic trees were
created using morphological characteristics, the development of molecular biology has
provide a molecular mean for determination the evolutionary relationships through
matching patterns in nucleic acid and protein sequences during evolution, it is very
common for a gene to be duplicated. The copies continue to evolve separately, resulting
in at least two similar instances of the same gene along the genome of a species (Saitou
and Nei 1987).

Phylogenetic analysis aso gives the evidence how the pathogenic bacterium evolved.
Modern phylogeny methods information extracted from mainly DNA and protein
sequences after aligning severa of these sequences and using only blocks which were
conserved in all the examined species (Martinez-Murcia et al. 1992).

Procedur e of nucleotide sequence analysis.

- Nucleotide sequence obtained from genetic analyzer.

- blastn search was performed through NCBI BLAST search engine.
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First 25 blast match were selected from the match except uncultured
bacterium clone and compl ete sequence of any matched bacterial strain.

Distance to tree result (this tree was produced using BLAST pair wise
alignments).

BLAST computes a pair wise alignment between a query and the database
sequences searched. It does not explicitly compute an alignment between the
different database sequences (i.e., does not perform a multiple alignment).
For purposes of this sequence tree presentation an implicit alignment between
the database sequences is constructed, based upon the alignment of those
(database) sequences to the query. It may often occur that two database
sequences align to different parts of the query, so that they barely overlap
each other or do not overlap at all. In that caseit is not possible to calculate a
distance between these two sequences and only the higher scoring sequence
wasincluded in the tree.

Neighbor joining tree method was used.

M aximum sequence difference was 0.75.

Sequence level was taxonomic name (sequence ID).
Collapse mode was custom and distance showed.
Unrooted tree was downloaded as Newick format.

The guide tree was downloaded into a text file in Newick or Nexus format
(recognized by popular phylogenetic analysis software). Node labels can be
changed with the Sequence Label option (below, to the right). Internal nodes
whose all children have the same blast name and subtrees collapsed by a user
are |abeled with Blast Name.

Newick and Nexus formats do not support collapsed subtrees, therefore fully
expanded tree was aways downl oaded.

The Newick format tree was edited with MEGA version 6.0 software.
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CHAPTER 3: RESULTSAND OBSERVATIONS

3.1 Observation on the spot

Pond | (Kakanhat, Rajshahi): Semi-intensive mixed carp culture system was followed
by the producer. Fish fry were collected from renowned hatchery and there were no
signs of any kind of abnormalities or illness before they first got the dead fish on
floating condition. Surrounding environment, dike, water colour of the pond was good
(Table 3.1) as well as there was no complain about growth rate. They applied NaCl and
lime in the affected pond at the fourth day and transferred fresh fishes (fishes without
any symptoms of disease) into another pond where water was stocked from deep tube
well. Then the owner harvested all the fishes and sold out at a lower price. On the spot
water temperature, pH and salinity were recorded as 19.5°C, 7.9 and O ppt respectively
at 8:15 am (December 2012).

Pond Il (Darusha, Rajshahi): Mixed carp culture system was practiced in pond 1l where
Labeo sp. and Catla were the main species along with other exotic carps. The
physiography of the pond was not so good because it was somewhat like a depression
and fully surrounded by paddy field and water came out from those field in case of
heavy rainfall or over flow of irrigation (Table 3.1). So the chemical properties of water
was regulated by the fertilizer and/or pesticide applied to the field and there is a chance
to affect the stocked fish population. Water temperature, pH and salinity were recorded
on the spot as 26.7°C, 8.2 and 1 ppt respectively (July 2013).

Pond I11 (Ullapara, Sirgiganj): Semi-intensive carp (Catla catla) monoculture was
practiced by the grower, the pond resides at locality and heavily used for homestead use
(Table 3.1). Because of the size and water depth of the pond it was quite difficult to
manage the parameters for ideal fish culture. Bottom soil was heavily black clayish with
bad odour and gas and may be this was the main reason for epidemic fish mortality. The
producer applied NaCl and lime in huge quantity and use antibiotic and other available
medicine as prescribed by the company representatives without any investigation. Water
temperature, pH and salinity were recorded as 17-18°C, 7.8-8.2 and 2-3 ppt respectively
(August 2013). The pond owner of the third pond faced a huge economic loss because
all the stocked fishes were died carrying same symptoms (mainly pale gills).



Results and Observations

Table 3.1 Physiographical characteristics of the ponds (N=3).

Parameters Pond | (Kakanhat) | Pond Il (Darusha) Pond I11 (Ullapara)
Pond type Stocking Stocking Stocking
Structure Rectangular Square Irregular
Area (acres) approx. 3.4 231 8.3
Bottom soil Typica Typica Dark clay with bad odour
Dike Well, used for Not so good but no  With large trees at each

vegetable gardening  trees around dimension

Water source Deep tube well Rainwater Natural/ground water
Water depth (meters) 2.75 12 4.8
Water colour Greenish Brownish Greenish
Productivity Medium Below the limit Below the limit
Homestead use No Occasionally Each and every purpose

3.2 Investigation for theidentification of the bacteria
Part |: Gross clinical signs of disease

Part I1: Internal abnormalities relevant to bacterial fish pathogens
Part I11: Identification of bacterial isolates

Part I: Gross clinical signs of disease

On the spot after collection screening of diseased fishes have been done on the basis of
behavioura and physical abnormalities (sluggish and erratic movement, haemorrhage at
the base of fins and on the fins, fin damage, pale gill, white spots on the head,

haemorrhage around the vent, haemorrhage on the body surface, scale erosion).

Part I1: Internal abnormalities relevant to bacterial fish pathogens: Apparent during
post-mortem examination

No abnormalities were found in liver, kidney or other internal body parts. May be there
were the first stage of infection on the body surface.

Part I11: Identification of bacteria isolates

The most common shortcomings in diagnosis of fish diseases concern the
identification of bacterial isolates. There are three schools of thought, namely those
that rely on serology, molecular techniques, and those relying on more conventional

phenotypic tests.
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Labeo sp., C. catla, Cirrhina sp., P. sarana with haemorrhagic lesions at caudal
peduncle, base of pelvic and anal fin, scale erosion, reddened caudal fin were sampled
from Kakanhat area at the end of the year 2012 (Plate 3.1). Last week of July 2013
information was from the Darusha area where one L. rohita was found at moribund
condition with haemorrhagic skin at many areas of the body. At last, on 30 August 2013
fry of C. catla with pale gill and white spot on head were collected at inverted floating
moribund condition from the village of Purnimagati union under Ullapara upazilla of
Sirgganj district.

Primarily after 24 hours of incubation from the mother culture plates, different sized and
coloured colonies were separatel y sub-cultured subsequently on to nutrient agar platesto
obtain fresh isolated colony (Plate 3.2, 3.3). After a period of time when the colonies
were found as pure, isolated with same colony characteristics they were given symbol
and stored for further experiment (Table 3.2).

Table 3.2 Isolate’s name used in the present study and characters on which they were
primarily differentiated for sub-culture.

| solate Standsfor Sample from Fish species Colony Colony size
symbol colour
Creamy . Puntius, Labeo,
CK K akanhat Mucilage Cirrhinus Cream Large
WK WhiteKakanhat  Skinlesion ~ DUntius Labeo, . p Large
Cirrhinus
Yellow : : Puntius, Labeo, .
YK K akanhat Skin lesion Cirrhinus Pale yellow Medium
CD Creamy Darusha Skin lesion, Gill Labeo Cream Large
YD Yellow Darusha Skin lesion, Gill Labeo Orange Large
CYD Creamy-Yellow Skin lesion, Gill Labeo Cream Large
Darusha
SWICr Weter Sample Pond water Catla White Large
Creamy
swiye e Sample Pond water Catla Orange Large
Yellow
GSH/Cr Gill Skin Head Gill, Skin lesion Catla Cream Large
Creamy
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L. rohita with haemorrhagic caudal fin

~ C. catla with affected gills C. catlawith dermal lesion

Plate 3.1 Collected diseased fishes with gross clinical signs of diseases.
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Plate 3.3 Culture plates bearing isolated colonies of the isolates (N=9).
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3.2.1 Colony morphology and pigmentation

The initia interpretation of bacteria growth on primary culture media, which usually
follows the first 24 to 48 h of incubation, is an opportunity for the skilled microbiologist
to make a preliminary identification and to decide what additional tests and procedures
must be performed to arrive at a definitive identification (Isenberg 2007).

Hence, colony morphology and pigmentation was recorded from young colonies, i.e.
shortly after growth on the basis of continuous observation and the results are presented
in Table 3.3. Except density the three isolates CK, WK and SW/Cr resembles the same
colony characteristics. Two isolates CD and GSH/Cr gave the same characteristics on
incubation of 24 hours at 37°C. Isolates YD and CYD bearing the same colony
morphology where YD was more contrast in colour than that of CYD. Isolates YK and
SW/Y el were different in colony colour and morphology.

Table 3.3 Terms to describe gross colonia morphology (according to Clinical
Microbiology Procedures Handbook, American Society for Microbiology).

Baderlal Size Shape/ Elevation| Margin | Colour Surface Density |Consistency
isolates Form appearance
. . Glistening,
CK Large Circular Convex Entire Cream Smooth Opague Butyrous
WK Large Circular Convex Entire White Glistening, Opaque Butyrous
Smooth

Pae Glistening,

YK Medium Circular  Convex Entire yellow Smooth Transparent  Viscid
CD Large Circular Umbonate Undulate Cream Granular Opague Butyrous
YD Large Circular Flat Entire Orange Dull, Smooth Opague Butyrous
CYD Large Circular Flat Entire cr Dull, Smooth  Opaque Butyrous
Orange
SW/Cr Large Circular Convex Entire White Glistening, Tranducent Butyrous
Smooth

: Brittle/

SW/iYel Large Irregular Raised Undulate Orange Rough Opaque Friable

GSH/Cr Large Circular Umbonate Undulate Cream Granular Opaque Butyrous

Note: Size: Large = greater than 1 mm in diameter, Medium = 1 mm in diameter, Small = less than 1 mm
in diameter
Shape/Form: Circular, Filamentous, Irregular, Punctiform, Rhizoid, Spindle
Elevation: Flat, Raised, Convex, Dome shaped, Umbonate, Umbilicate
Margin (edge of colony): Entire, Undulate, Lobate, Erose, Filamentous, Curled
Colour: White, Black, Cream, Orange etc.
Surface appearance: Glistening, Smooth, Granular, Dull, Rough, Creamy
Density (ability to see through colony): Opaque = cannot see through the colony, Transparent =
can see through the colony, Translucent = only with light shining through
Consistency (best observed by picking up a colony with a loop or needle): Butyrous (buttery),
Viscid (sticky), Friable (crumbles easily), Brittle, Membranous
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3.2.2 The Gram-staining

Six isolates were found as Gram-negative while other three were Gram-positive
according to both the tests performed. This reaction was performed with smears from
young cultures and the results are presented in Table 3.4 and Plate 3.4.

Table 3.4 Gram characteristics and shape of the isolates (N=9).

| solates Gram-reaction KOH stringing test Shape of bacteria
CK -ve +ve Short rod
WK -ve +ve Short rod
YK -ve +ve Rod
CD -ve +ve Straight rod
YD +vel- ve -ve Ovoid to short rod
CYD +ve -ve Ovoid to short rod
SWI/Cr -ve +ve Short rod
SW/Yd +ve -ve Largerod
GSH/Cr -ve +ve Straight rod

There was an isolate named as YD collected from Labeo sp. from Darusha area with
haemorrhagic lesion showed variable results with Gram reaction. All the isolates were
rod shaped while isolates CK, WK and SW/Cr showed same results and they were short
rod, CD and GSH/Cr isolates were found straight rod. YD and CYD isolates were short
rod with ovoid shape and isolate SW/Y &l was large in shape (Table 3.4, Plate 3.4). Gram
characters of the isolates were confirmed by aternative test with KOH string test. Six
isolates named CK, WK, YK, CD, SW/Cr and GSH/Cr became viscid within 30 seconds
of mixing with 3% KOH solution where YD, CYD and SW/Y €l isolates were incapable
to change the viscosity of the KOH solution (Table 3.4).

3.2.3 Biochemical identification

Biochemical identification of a bacterium proceeds through a number of steps. A pure
subculture of the organism is used to perform primary identification tests and to inoculate
biochemical identification sets (secondary identification tests), composed of either in-
house prepared media, or commercial identification sets such as API. The identification
sets are incubated at the appropriate temperature and for the appropriate time for reactions
to occur. The media and reagents used in the biochemica identification along with

information on growth characteristics and reagent reactions are presented here.
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Plate 3.4 Gram characters and shape of the bacteria isolates, 16x100X (N=9).

Primary tests: The primary tests include microscopic examination of smears, in
particular the Gram stain, catalase, oxidase, motility, and growth on MacConkey agar
(MCA). Information on the performance of these tests and their interpretation is
described and methods of media and reagent preparation are described in materials
and methods.

Secondary tests (biochemical identification sets): Biochemica identification is
achieved by secondary identification tests, which are the main tests used to identify an

organism to species level.
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3.2.3.1 Lactose fermentation test (growth on MacConkey agar, MCA)

Among the nine isolates six showed their growth on this media while two of them are
lactose fermenter. Gram-positive bacteria cannot grow on to this medium because of the
presence of bile salt and crystal violet. From the result we confirmed that six isolates
(CK, WK, YK, CD, SW/Cr and GSH/Cr) are Gram-negative while other three (YD,
CYD and SW/Y€d) are Gram-positive. Among the six positive isolates only two (CK
and WK) can ferment lactose while other four cannot ferment lactose. Growth
characteristics and results were observed and recorded after inoculation of the young
isolated single colony on previously made plates which were incubated for overnight at

~ 37°C and are presented in Table 3.5, Plate 3.5.

3.2.3.2 Citrate Utilization test (growth on Simmons citrate, SC agar)

Among the nine isolates six showed their growth on this media. Gram-positive bacteria
cannot grow on to this medium. From the result we confirmed that six isolates are
Gram-negative while other three are Gram-positive. Growth characteristics and results
were observed and recorded after inoculation of the young isolated single colony on
previously made dlant tubes which were incubated for overnight at ~37°C and are

presented in Table 3.6, Plate 3.6.

3.2.3.3 Catalase activity

Catalase is an enzyme produced by most aerobic organisms to detoxify H,O,. This may
be H,O, produced naturaly in aerobic cells, or H,O, produced by immune cells as a
toxic weapon against pathogens. When cells containing catalase are mixed with H,0,
the peroxide is converted to H,O and O,, with vigorous bubbling. Few microbial
organisms, such as Streptococcus and Enterococcus, are catalase-negative, so thistest is
useful for distinguishing these species from Staphylocccus. Cells often cease to produce
catalase after an extended culture period, so this test was done within 24 hrs. Isolates
CK, WK, SW/Cr and SW/Y e were found as catalase positive while YD and CYD were
weak positive on catalase activity. YK, CD and GSH/Cr did not produce bubbles when
given to H,O, asthey are catalase negative (Table 3.7, Plate 3.7).
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Table 3.5 Growth characteristics of the isolates (N=9) on MacConkey agar (MCA)

media.
Growth and Gram Lactose
I solates . Remarks
colour characters | Fermentation
Growth L actose Growth occurred and all colonies are
CK A -ve noticeably pinkish red. Acid has been
Pinkish red fermenters
produced.
Growth L actose Growth occurred and all colonies are
WK A -ve noticeably pinkish red. Acid has been
Pinkish red fermenters
produced.
Grovvt_h, L actose non- Growth occurred and colonies are
YK Y ellowish- -ve .
fermenters colorless. No acid has been produced.
Creamy
Grovvt_h, L actose non- Growth occurred and colonies are
CD Y ellowish- -ve .
fermenters colorless. No acid has been produced.
Creamy
No growth Bile salt and crystal violet in the medium
YD occurred Tve No growth inhibited the growth of the organism.
No growth Bile salt and crystal violet in the medium
CYb occurred Tve No growth inhibited the growth of the organism.
Grovvt_h, L actose non- Growth occurred and colonies are
SWICr  Yellowish- -ve .
fermenters colorless. No acid has been produced.
Creamy
No growth Bile salt and crystal violet in the medium
Swive occurred Tve No growth inhibited the growth of the organism.
Growth, .
GSH/Cr  Yellowish- ve Lactose non- Growth occurr_ed and colonies are
Creamy fermenters colorless. No acid has been produced.

3.2.3.4 Oxidative-fermentative (O-F) test

The pathways used to metabolize a sugar under aerobic conditions differ from those

used under anaerobic conditions. When oxygen is present, the process is called

oxidation, and when oxygen is absent it is called fermentation. This test provides insight

into the ability of the bacterium to use glucose by both methods. All the isolates showed

same results for oxidative-fermentative test and found as fermentative type of bacteria
(Table 3.7).
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Plate 3.5 Growth of bacterial isolates (N=9) on MacConkey agar (MCA) media.
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Table 3.6 Growth characteristics of the isolates (N=9) on Simmons Citrate (SC) agar.

Gram characteristics| Citrate

Isolates| Growth Remarks

and type utilization
turned from green colored
. . Utilize acidic condition to royal-
CcK Tve -ve entericbacteria g e blue colored akaline
condition

turned from green colored
Utilize acidic condition to royal -

WK tve -ve enterichacteria e blue colored alkaline
condition
turned from green colored
. . Utilize acidic condition to royal-
YK tve  -veentericbacteria  iae  bluecolored dkaine
condition
turned from green colored
. . Utilize acidic condition to royal-
b Tve -ve entericbacteria g e blue colored akaline
condition
YD no change +ve
CYD no change +ve
turned from green colored
. . Utilize acidic condition to royal -
Swicr Tve - Ve, enteric bacteria citrate blue colored alkaline
condition
SW/Yed nochange +ve
turned from green colored
. . Utilize acidic condition to royal -
GSH/Cr Tve -ve entericbacteria g e blue colored akaline
condition
1| I (e Control  CD  vD YD Control SWI/Cr ) GSH/Cr

Contror CK WK YK '

Plate 3.6 Bacteria isolates (N=9) along with control tube showing growth results in
Simmons Citrate (SC) agar media.
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3.2.3.5 Cytochrome-oxidase test

Three isolates (CK, WK and SWI/Cr) finaly found as different strains of Klebsiella
oxytoca through 16S rRNA gene sequencing and showed the same results as they all
were oxidase negative (Table 3.7, Plate 3.8). Isolates CD and GSH/Cr which revealed as
Aeromonas sp. found as oxidase positive. Brevibacillus spp. (isolates YD and CYD)
were found as weak oxidase positive. Sometimes they showed oxidase negative results.
The genus is also catalase positive or negative. That is why known as variable for
catalase activity, oxidase and Gram variable. Isolate YK (Pantoea sp.) and SW/Yel.

(Bacillus sp.) are oxidase negative.

Table 3.7 Catalase production, oxidative-fermentative (O-F) and oxidase test results of
the isolates (N=9).

| solates Catalase activity fecr))r(rilgr?;[g;ﬁ/e Oxidase
CK +ve Fermentative -ve
WK +ve Fermentative -ve
YK -ve Fermentative -ve
CD -ve Fermentative +ve
YD + ve, weak Fermentative -ve
CYD + ve, weak Fermentative +ve
SWICr +ve Fermentative -ve
SW/Y€ +ve Fermentative -ve
GSH/Cr -ve Fermentative +ve

3.2.3.6 Growth on Triple Sugar Iron (TSI) agar

Fermentation of glucose and lactose and/or sucrose, production of gas, and acidic
fermentation exhibits by the three isolates CK, WK and SW/Cr. Isolate YK fermented
lactose and/or sucrose, but didn’t grow in the anaerobic area. Only glucose was
fermented but turned to the amino acids, production of gas, but no sulfur reduction, and
peptone utilized by the two isolates CD and GSH/Cr. Isolates YD and CYD fermented
sugars but didn’t grow in the anaerobic area. Sugars fermented but cannot grow in the
anaerobic area, neither sugars nor peptone catabolized by the isolate SW/Y €. Results
are presented with detailed interpretation of the observation in Table 3.8, Plate 3.9.
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Oxidase + ve Oxidase - ve

Plate 3.8 Results for oxidase test.
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Table 3.8 Growth characteristics of the isolates (N=9) on Triple Sugar Iron (TSI) agar.

Result ,
| solates (sant/butt) Symboal I nter pretation of results

A/A, Gas Glucose and | actose and/or sucrose fermentation,

CcK Yellow/Yellow produced gas produced, exhibits acidic fermentation

A/A, Gas Glucose and lactose and/or sucrose fermentation,

WK Yellow/Yellow produced gas produced, exhibits acidic fermentation

Lactose and/or sucrose fermentation, ferment sugars

YK Yellow/Yellow AIA but didn’t grow in the anaerobic area of the butt

Glucose fermentation only, gas produced, fermented

CD Red/Y ellow Kr/(?d’u(gg the sugars but turned to the amino acids, but no
P sulfur reduction, peptone utilized
YD velow/Red AINC Fermented sugars but didn’t grow in the anaerobic

area of the butt

CYD velow/ Red AINC Fermented sugars but didn't grow in the anaerobic
area of the butt

Swicr  Yellow/Yelow A/A, Gas Glucose and lactose and/or sucrose fermentation,

produced gas produced, exhibits acidic fermentation
Ferment sugars but didn’t grow in the anaerobic
SW/Yd Y ellow/Red A/NC area of the butt, neither sugars nor peptone
catabolized
KIA, Gas Glucose fermentation only, gas produced, fermented

GSH/Cr Red/Y ellow the sugars but turned to the amino acids, but no

produced sulfur reduction, peptone utilized

Note: A=acid production, K=alkaline reaction, NC= no change

Control CK WK YK CD YD CYD SW/Cr SW/Yel GSH/Cr
W | WER T SR U N W ST ST T

Plate 3.9 Growth results on Triple Sugar Iron (TSl) agar (N=9).
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3.2.3.7 Growth on Sulfur Indole Matility (SIM) media

Production of hydrogen sulphide (sulphur reduction): None of the isolates reduces
sulphur from the SIM media and no blackened seen up to third day of inoculation. This
was aso confirmed by TSI agar medium where no adverse results were found in relation
to H,S production (Table 3.8, 3.9, Plate 3.9, 3.10).

Indole production: Among the nine isolates examined here five (CK, WK, CD, SW/Cr
and GSH/Cr) produced indole ring at the top of SIM media when added with Kovac’s
indole reagent after incubation of 24 hours at ~37°C. Moreover, the five isolates did not
showed same intensity or manner while producing indole, some were strong and some
were weak positive with Kovac’s reagent (Table 3.9, Plate 3.10).

Motility: This was performed by SIM media, MIU media and observation on
hanging drop method under microscope. Isolates CK and WK were non-motile
through MIU media but SW/Cr showed motility on this though the three isolates
finally identified as different strains of Klebsiella oxytoca. Isolates CK, WK and CD
were observed and found as motile by means of polar flagella under microscope by
hanging drop method. Motility was recorded for the isolates CD and GSH/Cr in SIM
media and MIU media while YK, YD, CYD and SW/Yel were non-motile in both
the media used (Table 3.9, Plate 3.10).

3.2.3.8 Urease (urea hydrolysis) and Motility Indole Urea (M1U) test

The isolates were tested via two different protocols to know their urease activity, one
was through urea hydrolysis test and the other was growth on motility indole urea agar.
Two tests reveal ed same results on the capacity to hydrolyze urea (Table 3.9, Plate 3.11,
3.12). Isolates CK, WK and SW/Cr were positive i.e. they can hydrolyze urea. CK and
WK can hydrolyze urea within 22 hours while WK was the fastest and SW/Cr was slow
in this process and take 34 hours to hydrolyze urea on the sant. In between isolates YD
and CYD, identified as Brevibacillus sp. YD can hydrolyze urea where CYD cannot
change the state. Isolates CD and GSH/Cr gave the same as they were unable to
hydrolyze urea. Isolate SW/Yel was incapable to hydrolyze urea while isolate YK

showed variabl e results.
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Table 3.9 Growth characteristics of bacterial isolates (N=9) on SIM (sulphur reduction,
indole production, motility test) and MIU (motility, indole, urea) media.

solates Sulphur Indol-e production | Motility |
reduction | g/M media | MIU media | SIM media | MIU media
CK -ve +ve +ve +ve -ve
WK -ve +ve +ve +ve -ve
YK -ve -ve -ve -ve -ve
CD -ve +ve +ve +ve +ve
YD -ve -ve -ve +ve -ve
CYD -ve -ve -ve +ve -ve
SWICr -ve +ve +ve +ve +ve
SWI/Yd -ve -ve -ve -ve -ve
GSH/Cr -ve +ve +ve +ve +ve

SW/Cr SW/Ye GSH/Cr
.

Control CK WK YK Control CD YD CYD Control
, ry B . |

Plate 3.10 Bacteria isolates (N=9) along with control tube showing growth results in
Sulphur Indole Matility (SIM) media.

3.2.3.9 Methyl red test and Voges-Proskauer reaction

Methyl red (MR) test and Voges-Proskauer (VP) reaction for the isolates were
performed for the differentiation of the bacteria. Six isolates showed positive results
for methyl red test while four of them were VP positive. In both the cases isolate YK
and SW/Cr were showed positive results while only isolate YD was negative on both
tests. Otherwise the rest of the isolates showed vice-versa results (Table 3.10, Plate
3.13, 3.14).
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CK WK YK CD YD CYD SW/Cr SW/Ye GSH/Cr Control

Plate 3.11 Response of the isolates (N=9) to the Moatility Indole Urea (M1U) media

YK CK WK YD CD C)(D SW/Yel SW/Cr  GSH/Cr Control
' | . N

Plate 3.12 Growth results of the isolates (N=9) on urease (urea hydrolysis) test.

Table 3.10 Methyl red test and V oges-Proskauer reaction results for the isolates (N=9).

| solates Methyl red test Voges-Proskauer reaction
CK +ve -ve
WK +ve -ve
YK +ve +ve
CD +ve -ve
YD -ve -ve
CYD -ve +ve
SW/Cr +ve +ve
SWIYd -ve +ve
GSH/Cr +ve -ve

116



Results and Observations

CK WK YK CD YD CYD SWI/Cr SW/Yd GSH/Cr

+ve +tve  +ve +ve -ve -ve +ve -ve +ve
Plate 3.13 Methyl red test of the isolates (N=9).

CK CYD Sw/Cr Sw/Ye GSH/Cr

Plate 3.14 Voges-Proskauer reaction of the isolates (N=9).

-ve t+ve

3.2.3.10 Acid production from sugar s (carbohydrate/sugar utilization/fermentation test)

Sucrose, fructose, galactose, maltose and mannitol discs (25 mg, Hi-media, India) and
20% solution of glucose, lactose, arabinose and xylose were utilized for this test. All the
isolates tested here can ferment sucrose and produce acid. Isolates which were named as
CK, WK, YK and SWI/Cr can utilize al the nine sugars and produced acid. CK, WK and
SW/Cr these three isolates were finally identified as the strains of the same species K.
oxytoca. SW/Y el which is a Gram-positive isolate can ferment only sucrose among the
used carbohydrates (Table 3.11).

117



Results and Observations

Table 3.11 Isolates (N=9) showed various results on carbohydrate utilization test.

25 mgdisc (Hi-Media)

20% solution

Bacterial
I solates . .
Sucrose |Fructose| Galactose| Maltose |Mannitol | Glucose | Lactose |Arabinose| Xylose
ketonic ) .
) . monosacch | . . sugar |monosacc| disacchari | monosacch | monosacch
Type|disaccharide| monosac . disaccharide . . X
- aride acohol | haride de aride aride
charide
M olecular
Formu | a ClZH 22011 CGH 1206 CGH 1206 ClZH 22011 CGH 1406 CGH 1206 C12H 22011 CSH 1005 CSH 1005
CK + + + + + + + + +
WK + + + + + + + + +
YK + + + + + + + + +
CD + + + + + + + - -
YD + + + + + + - - -
CYD + + + + + + - - -
SWI/Cr + + + + + + + + +
swiyd  + - - - - - - - -
GSH/Cr + + + + + + + - -

3.3 Antibiotic susceptibility test

Isolates showed variable results however some of them were from same species with

different strains. Isolate CK and WK showed more or less same results with a less

exception while isolate SW/Cr was from the same species K. oxytoca but showed

different type of senditivity against some antibiotics. Among the nine isolates six

showed resistance against bacitracin. All the isolates are more or less sensitive to

gentamicin, neomycin, cephradine, doxycycline, tetracycline, ceftriaxone, ciprofloxacin,

pefloxacin, mecillinam and nitrofurantoin (Table 3.12, Plate 3.15).
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Table 3.12 Sensitivity or resistance showed by isolates (N=9) against different -lactam

antibiotics.
Inhibition zone (mm) for theisolates
Class: B-lactam Name of the Dose
antibiotics Antibiotics (ng) CK IWKI|YK!|cD!| YD |cyD SwW/ | SW/ |GSH
Cr | Yd | [Cr
Gentamicin 10 20 18 22 14 12 12 16 14 16
Aminoglycosides
Neomycin 30 16 12 26 16 08 12 13 13 14
Azithromycin 15 18 20 36 14 R 15 18 20 23
Macrolides
Erythromycin 15 25 26 38 14 R 18 R 22 15
Penicillins Ampicillin 10 12 8 25 R 13 25 09 22 R
Cephal osporins of .
1t Generation Cephradine 30 26 20 38 12 17 18 12 18 16
Doxycycline 30 12 12 20 15 16 18 13 22 16
Tetracyclines
Tetracycline 30 16 10 18 18 18 20 18 18 20
Cephdosporinsof  corriaone 30 16 10 36 31 13 23 18 20 36
3rd Generation
Quinolones/ Ciprofloxacin 5 13 18 24 15 14 24 20 18 26
Fluoroquinolones — pef) oy acin 5 15 12 28 20 12 10 18 15 25
Amdinocillin Mecillinam 25 08 10 12 14 11 12 08 10 11
. Sulphamethoxazol e/
Sulfonamides Trimethoprim R R 28 10 14 12 16 18 16

Nitrofurantoin Nitrofurantoin 300 12 14 20 18 10 10 16 16 20

10

units R R R R 11 16 R 16 R

Polypeptides Bacitracin

Plate 3.15 Antibiotic sensitivity pattern of some of the isolates.
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3.4 Colony forming unit (CFU), minimum inhibitory concentration

(M1C) and minimum bactericidal concentration (MBC)
LB broth suspension poured on to LB agar petri plates, spreaded and kept inverted at
~37°C for overnight. On the following day colonies were counted manually where
numbers of the growing colonies were in between 30 to 300. The maximum dilution
needed for the isolate YD and the lowest dilution was for the isolate SW/Yel (Table
3.13). The CFU/mI was in the range of 42-50x10", 39-48x10™, and 37-43x10™ for
the three isolates CK, WK, and SW/Cr respectively which were different strains of the
same genus K. oxytoca. For the two isolates CD and GSH/Cr from the same genus
Aeromonas CFU/ml were 34-41x10" and 32-39x10™ respectively. CFU/ml was
recorded as 65-71x10™ and 58-64x10" respectively for the two isolates YD and CYD
from the genus Brevibacillus. Isolate YK and SW/Yel formed 23-27x10" and 11-
16x10® CFU/mI respectively.

MIC and MBC for the used two antibiotics ampicillin and tetracycline were determined
through tube dilution method and results were recorded depending on tube turbidity.
The suspension from the MIC tube was poured on to LB agar plate and kept inverted for
overnight incubation at ~37°C. On the following day on the basis of colony formation
results were noted and confirmed for MIC and MBC. Two isolates (CD and GSH/Cr)
were found ampicillin resistant and MIC for this antibiotic ranged from 320-640 pg/ml
and MBC was in the range of 320-1280 pg/ml. The MIC and MBC were ranged from
320-640 pg/ml and 320-1280 pg/ml respectively for the antibiotic tetracycline as all the

isolates were sensitive to this (Table 3.13).

3.5 Optimizing growth of theisolates

The procaryotes exist in nature under an enormous range of physical conditions such
as O, concentration, Hydrogen ion concentration (pH) and temperature. The
exclusion limits of life on the planet, with regard to environmental parameters, are
always set by some microorganism, most often a procaryote, and frequently an
Archaeon. Applied to all microorganisms is a vocabulary of terms used to describe
their growth (ability to grow) within a range of physical conditions. A thermophile
grows at high temperatures, an acidophile grows at low pH, an osmophile grows at
high solute concentration, and so on.
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Optimization of bacteria is one of the major constraints in microbiological
laboratories. It takes a series of work and difficulties hampered in many ways when
there is a possibility or chance of contamination. On the basis of physiological and
biochemical characteristics of the isolates five were chosen (CK, YK, CD, YD and
SWI/Yel) for optimization at different temperatures, pH and salinity. As the isolates
were collected from the temperate region they showed their optimum growth in the
range of temperature 28-30°C, pH 6.8-7.5 and salinity 1% (Figure 3.1-3.5). For all
the biochemical tests pH were maintained at 7.2 (unless otherwise indicated) and pH
7.0 was found as suitable for all the isolates. All the five isolates were comfortable
to grow at 1% salinity. At 37°C growth of the colonies were found as rapid but
colonies overlapped when incubation period was more than 18 to 20 hours. They
showed good growth with well isolated distinct colonies at 30°C. Gram-negative siX
isolates gave distinct, and well elevated and bright pigmented colonies when they
were kept at 4°C in refrigerator. The Gram-positive isolates got pale when

refrigerated but colonies became distinct.

Table 3.13 Colony forming unit (CFU), and minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) of the isolates in two
different antibiotics (N=9).

Ampicillin Tetracycline

| solates CFU/ml
MIC (ug/ml) | MBC (ug/ml) | MIC (ug/ml) | MBC (ug/ml)

CK 42-50x10"° 640 1280 320 640
WK 39-48x10% 640 640 640 1280
YK 23-27x10% 320 320 320 320
CD 34-41x10% Resistant Resistant 320 640
YD 65-71x10% 320 640 320 640
CYD 58-64x10%° 320 640 320 640
SW/Cr  37-43x10% 640 640 640 640
SW/iyd  11-16x10° 320 320 320 320
GSH/Cr  32-39x10%° Resistant Resistant 320 640
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Figure 3.1 Growth characteristics of the isolate CK (creamy colony forming bacteria
isolated from mucilage of diseased carp collected from Kakanhat area,
Rajshahi) at different temperatures (a), pH (b) and salinity (c).
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Figure 3.2 Growth characteristics of the isolate YK (yellow colony forming bacteria
isolated from diseased carp collected from Kakanhat area, Rajshahi) at

different temperatures (a), pH (b) and salinity (c).
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Figure 3.3 Growth characteristics of the isolate CD (creamy colony forming bacteria
isolated from diseased carp collected from Darusha area, Rajshahi) at

different temperatures (a), pH (b) and salinity (c).
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Figure 3.4 Growth characteristics of the isolate YD (yellow colony forming bacteria
isolated from diseased carp collected from Darusha area, Rajshahi) at
different temperatures (a), pH (b) and salinity (c).
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Figure 3.5 Growth characteristics of the isolate SW/Yd (yellow colony forming
bacteria isolated from pond water collected from Ullapara, Sirgjganj) at
different temperatures (a), pH (b) and salinity (c).
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3.6 Molecular identification

Genomic DNA extraction and gel electrophoresis. Genomic DNA from the 18 hours
old broth culture of the nine isolates was extracted and gel electrophoresis was carried
out to confirm its quality (Figure 3.6). We found a bright single band with high
molecular weight and less smearing which was seen on top of the 10 kb band of the 1kb
plus DNA ladder indicative of good quality DNA. We used this genomic DNA for our
further molecular biology experiments.

We initially diluted the genomic DNA (1:4 ratios) and used 1l of this diluted genomic
DNA for PCR. We used five different primers in following combination to find out the
best pair of primers to amplify the 16S rRNA gene: 8F1492R, 8F806R, 8F907R,
515F1492R, 515F806R, and 515F-907R. Each and every PCR products were run
through 1.0% agarose gel electrophoresis and visualized under UV -transilluminator. The
combination of 8F-806R and 8F1492R gave the more contrast single band in between
700-800 bp in comparison to 1kb plus DNA ladder (Figure 3.7).

Subsequently, PCR was carried with an increased volume (50 pl) using 8F-806R. PCR
product was purified using TIANquick midi purification kit and prepared for sequencing
PCR. As it was the objective to sequence the clone only from one end of the gene we
further carried out PCR using the purified PCR product as template and one primer each
time. Among the forward (8F) and reverse (806R) primers, only 8F generated brilliant
single band and thus help us to decide to sequence our PCR product using 8F primer
(Figure 3.8). Before big dye cycle sequencing using Big Dye terminator Version 3 (BD-
V3) the purity and concentration of the purified PCR products were measured as it is
needed for dilution. The results are presented in Table 3.14 for each and every isolate.
The sequencing was carried out in an ABI Prism 3130 genetic analyzer and the obtained
sequences are shown in Appendix V — X111 in FASTA format.

For a more precise classification, a sequence analysis of the 16S rRNA was carried out.
The BLAST search results for the partial sequences of the 16S rRNA gene of the
isolates revealed that three isolates CK, WK and SW/Cr are from the same species
K. oxytoca with different strains. They had 98, 99 and 99% similarity with that of
K. oxytoca, with sequence ID ghJX848325.1, ghGU361112.1 and gbHQ683946.1
respectively; as such, the three isolates were designated as K. oxytoca (Table 3.15). The
third isolate YK found as Pantoea sp. with 84% similarity with gbJN853256.1. The
fourth and ninth isolates CD and GSH/Cr bearing 97 and 98% similarity with
gbKC916744.1 and FJ464586.1 respectively with different strains of Aeromonas. Fifth
and sixth isolates (YD and CYD) having amost same physiological and biochemical
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characteristics with some exception found with 99 and 91% similarity with
gbJQ229800.1 and dbjAB491169.1 respectively of different strains of the genus
Brevibacillus under the comparatively newly described family Paenibacillaceae (Table
3.15). The isolate SW/Y el was the only member from the family Bacillaceae which got
99% homogeneity with the genus Bacillus bearing ID gbJQ660682.1 (Table 3.15).

YD CYD SwiCr SW/Yel GSH/Cr

=

ladder CK WK YK CD

10000 bp
8000 bp
5000 bp

2000 bp
1600 bp
1000 bp
700 bp
500 bp

Figure 3.6 Genomic DNA of nine (9) isolates of the bacteria obtained from diseased
carp fish using TIANamp Bacteria DNA Kit. DNA was run on 1% agarose
gel containing Ethidium bromide. Lane 1: Tiangen 1 kb Plus DNA ladder,
lane 2-10: isolates 1-9.

CK  ladder WK YK CD YD CYD swi/Cr SwiYel GSH/Cr

Figure 3.7 PCR products of nine (9) isolates of the bacteria obtained from diseased carp
fish using 8F and 806R primers. PCR product was run on 1% agarose gel
containing Ethidium bromide. Lane 1: Isolate CK, lane 2: Tiangen 1 kb Plus
DNA ladder, lane 3-10: isolates WK, YK, CD, YD, CYD, SW/Cr, SW/Y€
and GSH/Cr.
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Figure 3.8 Purified PCR products using 8F primer generated brilliant single band of
nine (9) isolates of the bacteria obtained from diseased carp fish. PCR
product was run on 1% agarose gel containing Ethidium bromide. Lane 1-9:
isolates 1-9 (CK, WK, YK, CD, YD, CYD, SW/Cr, SW/Yd and GSH/Cr),
lane 10: Tiangen 1 kb Plus DNA ladder.

Table 3.14 Purity and concentration of the isolates (N=9) with dilution factor needed for
big dye cycle sequencing.

I solates Purity (260/280 nm) Concentration (ng/pl) Dilution factor

CK 2.25 51.2 4 xd
WK 2.20 76.4 6xd
YK 2.10 725 6xd
CD 2.23 72.6 6xd
YD 1.85 100.8 8xd
CYD 1.87 89.5 8xd
SWICr 244 49.3 4xd
SW/Y el 211 79.5 6xd

GSH/Cr 2.51 39.3 3xd
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Table 3.15 Isolates with 16S rDNA sequence match results found in NCBI database.

Resembleswith NCBI BLASTn suite )
| solates < - — Family
1™ matching Identities (%) | SequencelD
CK Klebsiella oxytoca  728/742 (98%) gbJX848325.1 Enterobacteriaceae
WK Klebsiella oxytoca  737/743 (99%) gbGU361112.1 Enterobacteriaceae
YK Pantoea sp. 534/636 (84%) @gbJN853256.1 Enterobacteriaceae
CD Aeromonas sp. 732/758 (97%) gbKC916744.1 Enterobacteriaceae
YD Brevibacillus 734/738 (99%) @gbJQ229800.1 Paenibacillaceae
borstelensis
CYD Brevibacillus 685/751 (91%) dbjAB491169.1 Paenibacillaceae
borstelensis

SW/Cr Klebsiella oxytoca  737/746 (99%) gbHQ683946.1 Enterobacteriaceae
SWiYe Bacillus sp. 751/755 (99%) ghJQ660682.1 Bacillaceae

GSH/Cr  Aeromonasveronii bv. 750/763 (98%) FJ464586.1 Enterobacteriaceae
sobria

3.7 Identified isolates and their distinctiveness

Aeromonas sp. (isolates CD and GSH/Cr): Cultures comprise Gram-negative enteric,
motile fermentative straight rods, which produce indole, oxidase positive but catalase
negative, did not reduce sulphur and grow in 0-3% (w/v) sodium chloride, at 4-42°C and
at pH 6.7 to 9.0. On non-selective media, cream, round, umbonate, entire colonies of 2-3
mm diameter develop within 24h at 37°C. The methyl red test is positive, but not so the
Voges-Proskauer reaction. Unable to ferment lactose and utilize citrate. Acid is
produced from sucrose, fructose, galactose, maltose, mannitol, glucose (acid and gas),
lactose but not from arabinose and xylose. Urea was not degraded by the two isolates
(CD and GSH/Cr). Susceptibility has been recorded to gentamicin, neomycin,
azithromycin, cephradine, doxycycline, tetracycline, ceftriaxone, ciprofloxacin,
pefloxacin, mecillinam, sulphamethoxazole/ trimethoprim, erythromycin, nitrofurantoin,
but not to ampicillin and bacitracin. Colony forming units of the two isolates determined
as in the range of 32-41x10™ per ml on nutrient agar plate while MIC and MBC were
recorded as 320 and 640 pg/ml on tetracycline respectively for both of the isolates.
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Bacillus sp. (isolate SW/Yd): Using nutrient agar plates with an incubation
temperature of ~37°C, yellow pigmented, rough, opague colonies obtained. Yellow
coloured colonies were obtained on TSA after 24h incubation at 28°C. These colonies
comprise non motile, fermentative Gram-positive rods of 1-4 mm in length. The cells
can grow up to 15-42°C and can tolerate refrigerated temperature (4°C) where growing
colonies became distinct with their colour and shape. No signs of growth on
MacConkey agar and Simmons citrate agar as they are Gram-positive. The isolate
showed catalase activity but not oxidase, unable to catabolize sugar and peptone on TSI
agar medium and hydrolyze urea. The methyl red test was negative, while the Voges-
Proskauer reaction was positive. Acid has been produced from only sucrose among the
nine used sugars. The isolate was susceptible to all the antibiotics used. The isolate was
determined as low colony grower with CFU in the range of 11-16x10® per ml on
nutrient agar plate while MIC and MBC were recorded as 320 pg/ml on ampicillin and
tetracycline.

Brevibacillus sp. (isolates YD and CYD): On nutrient agar plates after along process of
sub-culturing to obtain pure colony isolate YD and CY D gave large, circular, flat, opague,
creamy-orange coloured colony where there was a little difference on their colour. YD
gave brighter colony than that of CYD as they are denoted as yellow and creamy-yellow.
Both of them were Gram-positive short rod but YD sometimes played as Gram-variable
and both of them were unable to grow on MacConkey agar and Simmons citrate agar;
hence confirmed as Gram-positive. Both of them were weak positive on catalase activity
and fermentative but YD found as oxidase negative while CY D was oxidase positive. On
TSI agar dant they fermented sugars but did not grow in the anaerobic area of the buitt.
They were found as weak motile on SIM media but no evidence was seen on MIU media.
As YD isolate were noted as Gram-variable it showed another variable result for urea
hydrolysis, methyl red test, and Voges-Proskauer reaction. YD can hydrolyze urea but
CYD cannot, YD was negative for both MR-VP but CYD was negative on MR and
positive on VP. Both of the isolates showed same characters on acid production from
sugars. They produced acid from sucrose, fructose, galactose, maltose, mannitol and
glucose but not from lactose, arabinose and xylose. Isolate CY D showed sensitivity for al
the used antibiotic discs but YD was resistant over macrolides (azithromycin and
erythromycin). YD showed more growth for CFU than CYD and determined as 65-
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71x10" and 58-64x10™ per ml while MIC and MBC were recorded as 320 and 640
pg/ml respectively for both the Brevibacillus sp.

Klebsiella oxytoca (isolates CK, WK and SW/Cr): Culture comprises fermentative
Gram-negative rods that produce catalase and indole but not H,S, and oxidase negative.
The three isolates (CK, WK and SW/Cr) showed motility on SIM media but only isolate
SW/Cr was motile in MIU media. Isolate CK and WK were lactose fermenters while
SWI/Cr was not though they all showed growth on MAC agar and SC agar. All the three
were gas producer and exhibited acidic fermentation of sugars in TSI agar and can
hydrolyze urea. The first two were MR positive and VP negative while SW/Cr showed
different results for VP. Produce acid from used all the sugars i.e. sucrose, fructose,
gaactose, maltose, mannitol, glucose, lactose, arabinose and xylose. Antibiotic
susceptibility pattern was the same for CK and WK as they showed resistance against
Sulphamethoxazole/  Trimethoprim and Bacitracin. SW/Cr showed resistance on
erythromycin and bacitracin. On an average per ml of LB broth, 37-54x10™ colonies
were produced by the isolates. MIC and MBC values for isolate CK recorded as 640 and
1280, 320 and 640 pg/ml for ampicillin and tetracycline respectively. MIC was recorded
as 640 and 640, and MBC was 640 and 1280 pg/ml for ampicillin and tetracycline
respectively for the isolate WK. All the values were 640 pg/ml for both the antibiotics
for theisolate SW/Cr.

Pantoea sp. (isolate YK): Pale yellow colonies on nutrient agar media were obtained
after 30-36 hours of incubation at ~37°C. Culture comprises transparent and viscid
colonies, non-motile fermentative Gram-negative rods, lactose non-fermenter, catalase
and oxidase negative and citrate utilized by the YK isolate. The MR-V P reactions were
positive but not reduce H,S and produce indole. Acid was produced from used al the
used sugars. Variant results were noted on urea hydrolysis. In comparison to other eight
isolates, slow growing and less number of colonies per ml of LB broth on LB agar was
determined and the value is 23-27x10™. All but bacitracin showed sensitivity while
MIC and MBC vaues were recorded for both the antibiotics tested as 320 pg/ml.

3.8 Phylogenetic analysis of the isolated bacteria

16S ribosomal RNA gene partial sequences of nine isolates were anayzed using
similarity search tool BLAST. Thisindicated high degree of similarity (84 to 99%) with
annotated sequences of around 100. Phylogenetic tree based on 16S rDNA sequences
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were constructed using neighbor joining method over a panel of 25 strains which

exhibited maximum similarity.

Analysis of the phylogram for the isolate CK and the similarity matrix revealed three

main branches between the new isolate of K. oxytoca (Figure 3.9). The similarity

between species in this group was greater than or equal to 98% (Table 3.15). The
distance between isolate CK and the first match gbJX848325.1 was the same (0.003)
and it revealed that the isolate was nearer from their origin.
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Figure 3.9 Unrooted phylogenetic tree for the isolate CK (creamy colony forming

bacteria isolated from mucilage of diseased carp collected from Kakanhat
area, Rashahi) with distance with first 25 matches. Rectangular box
indicates the first match.
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Analysis of the phylogram for the second isolate WK (Figure 3.10) and the similarity
matrix revealed that the new isolate was far away from the first match (Table 3.15)
though it resembles 99% similar identity with the strain identity gbGU361112.1. The
similarity between species in this group was greater than or equal to 99%. The first
match was 0.003 distant from the source node while isolate WK was far-away
double (0.006).
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Figure 3.10 Unrooted phylogenetic tree for the second isolate WK (white colony
forming bacteria isolated from diseased carp collected from Kakanhat
area, Rgjshahi) with distance with first 25 matches. Rectangular box
indicates the first match.
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Analysis of the phylogram for the isolate YK and the similarity matrix revealed two
main branches between the new isolate of Pantoea (Figure 3.11). The similarity
between species in this group was greater than or equal to 84%. The distance from the
origin was 0.197 (0.070 + 0.007 + 0.008 + 0.009 + 0.103) and between isolate YK and
the first match gbJN853256.1 (Table 3.15) was 0.068 and it revealed that the isolate was
far away from origin. Not only that, in the list of first 25 matches there were another
genus which shows some level of similarity with the isolate.
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Figure 3.11 Unrooted phylogenetic tree for the isolate YK (yellow colony forming
bacteria isolated from diseased carp collected from Kakanhat area,
Rajshahi) with distance with first 25 matches. Rectangular box indicates
the first match.
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Phylogram analysis of the isolate CD showed two main branches where CD was only

one in one branch and other 25 matches positioned in another (Figure 3.12). From the

origin isolate CD was positioned at 0.007. The distance matrix between the isolate of
Aeromonas and the first match gbKC916744.1 (Table 3.15) was calculated as 0.002.

The similarity between speciesin this group was greater than or equal to 97%.
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Figure 3.12 Unrooted phylogenetic tree for the isolate CD (creamy colony forming
bacteria isolated from diseased carp collected from Darusha area,
Rajshahi) with distance with first 25 matches. Rectangular box indicates

thefirst match.
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Phylogram analysis of the isolate YD showed two main branches where the first match
(gbJQ229800.1) was distanced 0.0018 from its origin while YD was distanced 0.0019
(Figure 3.13). The similarity between species in this group was greater than or equal to

99% (Table 3.15).
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Figure 3.13 Unrooted phylogenetic tree for the isolate YD (yellow colony forming
bacteria isolated from diseased carp collected from Darusha area,
Rajshahi) with distance with first 25 matches. Rectangular box indicates

thefirst match.
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Analysis of the phylogram for the isolate CYD (Figure 3.14) and the similarity matrix
revealed two main branches between the isolate of B. borstelensis. The similarity
between species in this group was greater than or equa to 91%. The distance between
isolate CYD and the first match dbjAB491169.1 (Table 3.15) was the same (0.037) and
it revealed that the isolate was nearer from their origin.
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Figure 3.14 Unrooted phylogenetic tree for the isolate CYD (creamy-yellow colony
forming bacteria isolated from diseased carp collected from Darusha area,
Rajshahi) with distance with first 25 matches. Rectangular box indicates
the first matchUnrooted phylogenetic tree for the isolate CYD with
distance.
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Analysis of the phylogram for the isolate SW/Cr and the similarity matrix revealed two
branches (Figure 3.15). Homogeneity was established as 99% with the first match
K. oxytoca gbHQ683946.1 (Table 3.15), though there were different strains of
Enterobacter listed in the first 25 matches. The distance from the origin was 0.0057 for
SW/Cr and 0.0077 for the first match of K. oxytoca and it revealed that the isolate as

well as first match was far away from origin.
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Figure 3.15 Unrooted phylogenetic tree for the isolate SW/Cr (creamy colony forming
bacteria isolated from pond water sample collected from Ullapara,
Sirgjganj) with distance with first 25 matches. Rectangular box indicates
the first match.
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Phylogram for the isolate SW/Y e and the first 25 sequences from the NCBI database
revealed two main branches and al the strains from the same Bacillus sp. (Figure 3.16).
The similarity between species in this group was greater than or equal to 99% (Table
3.15) as al were from the same genus. The distance calculated as 0.00019 and 0.00053
from the origin for the isolate SW/Y &l and the first match respectively (ghJQ660682.1).
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Figure 3.16 Unrooted phylogenetic tree for the isolate SW/Y € (yellow colony forming
bacteria isolated from pond water sample collected from Ullapara,
Sirgjganj) with distance with first 25 matches. Rectangular box indicates
the first match.
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Phylogram of the isolate GSH/Cr and the similarity matrix revea ed three main branches
where the isolate placed in one branch with 0.003 distances where second was placed at
0.005 and the first match A. veronii bv. sobria with 98% homogeneity (Table 3.15) at
distance 0.009 from their origin (Figure 3.17).
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Figure 3.17 Unrooted phylogenetic tree for the isolate GSH/Cr (creamy colony forming
bacteria isolated from gill, skin and head surface of Catla collected from
Ullapara, Sirgganj) with distance with first 25 matches. Rectangular box
indicates the first match.

3.9 Comparison of nucleotides among the isolates
Among the nine isolates two were identified as different strains of Aeromonas sp.,

another two were Brevibacillus sp. and three were K. oxytoca. They were different on
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their nucleotide arrangement and were found similar within them as 91.13, 85.0 and
86.22% respectively. This relationship was determined by Clustal Omega (version
1.2.1) available on NCBI webpage and used for clustal matching. Nucleotide sequence
obtained from chromatogram and arranged (Appendix V — XI11).

Multiple sequence alignment between two strains of Aeromonas sp.

cD CAT- - - TACCGGCAGT CTACAGT GCGAGT CGGCGGTAGCGEEGAGATGTAGCT TCCTACT
GSH Cr TATAGGCGAGAGT CCTCACAGAT GCGAGT CEGCGEECAGC- GGCGAGAGTAGCTTGCTACT

* * * * % kkkhkkkkhhkkkhkhkkkk **k*k (k% kkhkkkkhkkhkkkkhkkk*k
cD TTTGCCGECGAGCCCGECCGACCEGT GAGT AAT GCCT GGGGAT CTGCCCAGGCGAGEEGEGA

GSH Cr TTTGCCGGEC- GAGCGGECGGACGEGT GAGT AAT GCCT GGGGAT CTGCCCAGT CGAGGEGEGEGA

kkkkhkkkhk*k khkkkhkhkhkkhkhhkkhkhhkkhhhdhhdhkhhhkhkhdkhkhkhkhkhr*x *kk krkkhk*k*

CD TAACTACT GGAAACGGT AGCTAATACCGCATACGCCCT ACGEEGEGAAAGCAGGECGACCT T
GSH Cr TAACTACT GGAAACGGTAGCTAATACCGCATACGCCCT ACGCGEGAAAGCAGEEGACCT T

LR R R R R R R R R R R R R R R R R R R R I I R R

CD CGGGECCT TGCECGAT TGGATGAACCCAGGT GGGATTAGCTAGT TGGTGAGGTAATGECTC
GSH Cr CGGGECCT TGCECGAT TGGATGAACCCAGGT GGGAT TAGCTAGT TGGTGAGGTAATGECTC

R I R R R R R R I R R I R I I R R I O I S I I R S I O

CD ACCAAGGCGACGAT CCCTAGCT GGT CTGAGAGGAT GATCAGCCACACT GGAACTGAGACA
GSH Cr ACCAAGGCGACGAT CCCTAGCT GGT CTGAGAGGAT GATCAGCCACACT GGAACTGAGACA

KRR I R R R S O S R R R Sk I kS R Rk b b R R

cD CGGTCCAGACT CCTACGGGAGGCAGCAGT GGGGAATAT TGCACAAT GGGGGAAACCCTGA
GSH Cr CGGTCCAGACT CCTACGGGAGGCAGCAGT GGGGAATAT TGCACAAT GGGGGAAACCCTGA

KRR S R R I I R I IR R I S S O S b S R R b O b O

CD TGCAGCCATGCCGCGT GT GT GAAGAAGGCCT TCGGGT TGTAAAGCACT TTCAGCGAGGAG
GSH Cr TGCAGCCATGCCGCGT GT GT GAAGAAGGCCT TCGGEGT TGTAAAGCACT TTCAGCGAGGAG

LR R R R R R R R R R R R R R R R R R R R I R I I R I R

CD GAAAGGT CGGTAGCTAATATCTGCTGACT GT GACGT TACT CGCAGAAGAAGCACCGGCTA
GSH Cr GAAAGGT TGGTAGCTAATAACT GCCAGCT GT GACGT TACT CGCAGAAGAAGCACCGGCTA

khkhkkkhkk Fhkkkdkkkhkhkhkkk *kkx EE R I R I R I R R I R I I I R R

CD ACTCCGT GCCAGCAGCCGCGEGT AATACGGAGGGT GCAAGCGT TAATCGGAATTACTGGEC
GSH Cr ACTCCGT GCCAGCAGCCGCGEGT AATACGGAGGGT GCAAGCGT TAATCGGAATTACTGGEC

LR R R R R R R R R R R R R R R O I R R

cD GTAAAGCGCACGCAGGCGGT TGGATAAGT TAGAT GT GAAAGCCCCGGECECT CAACCT GGGA
GSH Cr GI AAAGCGCACGCAGGCGGT TGGATAAGT TAGAT GT GAAAGCCCCGGEECT CAACCT GGGA

R I I R R R SRR R R O Sk O O S R Rk S b b R R

CD ATTGCATTTAAAACT GTCCAGCTAGAGT CTTGTAGAGGGGEGEGTAGAATTTCCATGTGTAG
GSH Cr ATTGCATTTAAAACT GTCCAGCTAGAGT CTTGTAGAGGGEGEGEGT AGAAT - TCCAGGTGTAG

khkhkkhkhkkhhkhhhhhhhhhhhhhrhhdrhhkhhhkrhkhhdhddkhrdhrkkdr*x*x k% *x*x *kk **x%

CD CGGTGAAAT CCGTAGAGAT CTGCGAGGATACCGGT GGCGAAGGECGCCCCTGGA- CAAAGA
GSH Cr CGGTGAAAT GCGTAGAGAT CT GGAGGAATACCGGT GGCGAAGGCGCCCCCTGGACAAAGA

R R I I R R O R * khkhkxkkdkrxkhkhkkhkdkxkhhkkkhkkxk * * kkkk*k

CD CTGACGCTCAGT GCGAA- - - GCGT GGEGCGAGCAAACATGATTAGAACGCTGCTGTGTGTA
GSH Cr CTGACGCTCAAGGT GCGAAAGCGT GGGGGAGCAAACAGGATTAGAAACGCIBT GIGTGATA

kkkkkkkkk*% * kkkkkkkhkhkkhkikhkkikkkkkk *khkkikkkkk*k * %
cD TATCACAGG

GSH Cr ACCAAAAG

* k*k
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Multiple sequence alignment between two strains of Brevibacillus sp.

YD GCTTGCGGCGCTATAAT GCAGT CGAGCGAGT CCCT TCGEEEEECT AGCGGECGGACGEGT GA
CYD GGTGGECCATCTATAAT GCAGT CGAGCGAGT CGCT TCGEEEECT AGCGECEGACGEGTGA

* * k% khkkkhkhkhkkhkhkhkkhhhkkhhhkkhhhhhhk*, kkhkkhkhkhkkhkhkrkkhkhkkhkhkk khkk rkkk*k*x

YD GTAACACGT AGGCAACCT GCCCGT AAGCT CGGGATAACAT GGGGAAACTCATGCTAATAC
CYD GTAACACGT AGGCAACCT GCCCGT AAGCT CGGGATAACAT GGGGAAACTCTTGCTAATAC

khkhkkhhkhkkhhhkhhhhhhhhhhhhhhhhhhhhhhhkhrdhrdkhrdhrdhdhhd**x *kk kkk **x*%

YD CGGATAGGGT CTTCTCTCGCAT GAGAGGAGACGGAAAGGT GGCGCAAGCTACCACT TACG
CYD CGGATAGGGT CTTCTCTCGCAT GAAAT GAGACGGAAAGGT GGCGCAAGCTACCACT TGCT

khkhkkhhkkkhhkhkhkdkrdrhhkrhkdhrrdddx * *dkdxdddxddrdxddrxddkxrdrrkddxhkdxxdx *

YD GATGGGECCTGCCECCCATTAGCTAGT TGGT GEGGT AACGECCTACCAAGGCGACGATGECG
CYD GATGGGCCTGCTGCCCATTAACT AGT TGEEEEEGET AACGGCCT ACCAAGECGACGATGECC

khkhkkkhhkkkhhkhkk *hhkhkhkhddx *hxkddkdrdd *ddkdxhddxdxdhrxhdkrxrdrrkddxhkdxkddx*k

YD TAGCCGACCT GAGAGGGT GACCGGCCACACT GCGACT GAGACACGCECCCAGACT CCTACG
CYD TAACCCACCT GAAAGGGT GACCGGECCACACT GGGACT GACACACCGGECCACACT CCTACG

kk kkhk kkhkhkhkkhkkhk khkhkhkhkAhkhkhAhkkhkAkhkhkdArkkdk Ak hkhkxkhkkhk khkkx *k kkk kkkkkkkkhkk

YD GGAGGCAGCAGTAGCGAAT TTTCCACAAT GGACGAAAGT CTGATGGAGCAACGCCAECGT G
CYD GGAGGCACTCCTACGGAAT TTTCCACAAT GGACGAAAGT CTGATGGAGCAACGCCAECGT G

kkkkkk*k kk K khkkkhkhkkhkhkhhkhkhhkhkhhkhkhhkhhhkhkhhkhkhhkkhkhhkhhhkhrhkhrhkhkrhkx*

YD AACGATGAAGGT CTTCGGATTGTAAAGT TCTGT TGT CAGAGACGAACAAGTACCGT TCGA
CYD AACGATGAACGT CTTCGGATTGTAAAGT TCTGT TGT CAGAGACTAACAAGTACCGT TCGA

khkhkkhkhkkhkk *hkhhkhhhhhhhhhkhhhhhhkhkhhkhkhdkhrdkhhddh* **hkk hkk khkkhrkkhk*x*

YD ACAGGGECGGTACCT TGACGGT ACCT GACGAGAAAGCCACGGECTAACTACGT GCCAGCAGC
CYD ACAGGGECGGTACCT TGACGGTACCT GACTAGAAAGCCACGGECTAACTACGT GCCAGCAAC

khkhkkhkhkkhhhkhhhhhhhhhhhhhhhhkhk, *hkhhdhkddhrdhrdk hdk dkk rkk kk*x*x *

YD CGCGGTAATACGTAGGT GGCAAGCGT TGT CCGGAAT TAT TGGEGCGT AAAGCGCGCGCAGCG
CYD CGCGGTAATACGT ACGT GGCAAGCGT TGT CCGGAAT TAT TGEECGT AAAGCGCGECGCAGG

khkhkkkhkhkhkkhhkhkhkdhdx dFhddkhrddrdxddrddrddrrxhdrdrdrrkddrxrdrrkdhrxhdxkdhxk*x

YD CGGCTATGTAAGT CTGGT GT TAAAGCCCGGEEECT CAACCCCGGT TCGCA- - TCGGAAACT
CYD CGGECTATGTAAATCTGGTGT TATAGCCCT GGECT CAACCCCCGEECTGCGTATCCCAGACT

khkhkkkhhkkkhhkhkd *hdkhkhkhkdkhrdd *hddx*d *xdkhdkxhkdkxxhxx * * % * % * k k%

YD GIGTAGCTTGAGT GCAGAAGAGGAAAGCGGTATTCCACG: - - TGTAGCGG TGAAATGCG
CYD GIGTAACTTGAGT GCAGAAGACGTAAAGCT GCT ATATCCACGTGTAGCGATTTACATGCG
kkhkkkk kkhkkhkkkkhhkkkikkhkkkhkk kkx * k% * *kkkkk*x * k k*kk*k*k
YD TAGAGATGT GGAGGA- - - CACCAGTGGC- GAAGCGECTTTCTGGTCTGTAACTGACGCTG
CYD TAGAGAT TGTGGAGGCAACACCATTGECGAAAGCACCTTTCTCGTCTGTACTG ACTCTG
*khkkkk k% * * *kkk* *k*k*%x kkkk k*khkkkkhkkk *Fhkkhkkhkkk*k k% *x*%*
YD AGGCCCGAAAGCGGT GCGGAGCAAACAGATTAGAACGT CTCCTGATGATGAGATCCAA
CYD TATGTACTAAGCGCT GGAGGAGCAAACGAT GAGATACGCCGGGGATAT TCACACCCGG
kkhkkk* *k*k * * % *k* k**k*% * % * k% % * * * k%

143



Results and Observations

Multiple sequence alignment among three strains of K. oxytoca

g%%’ g%%’ g%% g%% g%%’

CCTTT- AG GTCAGTCTACCGT CCGAGT CGCCGEGT AGCACAGGAGT CCTTGCTCTCGGEGT
- CGTA- AC- GGGAGT CTACCA-TGCGGT CGACGGTAGCACAGAGACCTTGCTCTCGEGT
CCTAACCGGEEECCCT AACCGT CCAAGT CGAACGGT AGCACAGGAGACGCT TECTCTCGEGT

*k*k khkkkkhkhkkkhkkkkkx

GACGAGT GGCGGACGEGT GAGT AATGT CTGGGAAACT GCCTGAT GGAGGGGEGATAACTAC
GACGAGT GGCGGACGEGT GAGT AATGT CTGGGAAACT GCCTGATGGAGGGGEGATAACTAC
GACGAGT GGEC- GGAGGGT GAGTAAT GT CTGCGAAACT GCCT GATGGAGGEGGGATAACTAC

kkhkkkkhkkkkx % LR R R R R R R R R R R R R

TGGAAACGGT AGCTAATACCGCATAACGT CGCAAGACCAAAGAGGGEGEGACCT TCGEECCT
TGGAAACGGT AGCTAATACCGCATAACGT CGCAAGACCAAAGAGGGEGEGACCT TCGGEECCT
TGGAAACGGT AGCTAATACCGCATAACGT CGCAAGACCAAAGAGGGEGGACCT TCGEGECCT

KRR I R R I R R I R R R O Sk S O S R O O I R O

CTTGCCATCAGAT GT GCCCAGAT GGGAT TAGCTAGT AGGT GGGGTAACGECTCACCTAGG
CTTGCCATCAGATGI GCCCAGAT GGGATTAGCTAGT AGGT GGGGTAACGGECT CACCTAGG
CTTGCCATCAGATGI GCCCAGATGGGAT TAGCTAGT AGGT GGGGTAACGGECTCACCTAGG

khkhkkhkhkkhdkhkhkdhdhdhbdrhdrdrdrdddrrddrrdrrxhdrdddrrkddrxrdrrkddxhdxkdhxk*x

CGACGATCCCTAGCT GGT CTGAGAGGAT GACCAGCCACACT GGAACT GAGACACGGT CCA
CGACGATCCCTAGCT GGT CTGAGAGGAT GACCAGCCACACT GGAACT GAGACACGGT CCA
CGACGATCCCTAGCT GGT CTGAGAGGAT GACCAGCCACACT GGAACT GAGACACGGT CCA

LR R R R R R R R R R R R R R R R R R R R I R I I R I R

GACT CCTACGGGAGGCAGCAGT GGGGAATAT TGCACAAT GGGCGCAAGCCTGATGCAGCC
GACT CCTACGGGAGGCAGCAGT GGGGAATAT TGCACAAT GGGCGCAAGCCTGATGCAGCC
GACT CCTACGGGAGGCAGCAGT GGGGAATAT TGCACAAT GGGCGCAAGCCTGATGCAGCC

KRR I R R I I S O R R O S R R kO R Ik b b b A

ATGCCGCGT GTATGAAGAAGCCCT TCGGGT TGTAAAGTACT TTCAGCGGGGAGGAAGGECA
ATGCCCCCGTGTATGAAGAAGGCCT TCGEGT TGTAAAGTACT TTCAGCGGEGGAGGAAGGGA
ATGCCCCCGTGTATGAAGAAGGCCT TCGEGT TGTAAAGT ACT TTCAGCGCGEEGAGGAAGECG

Rk I S I R U I kO R R Sk O Ik S R R Rk b kb O R

GTAAGGT TAATAACCTTGT TCAT TGACGT TACCCGCAGAAGAAGCACCGGECTAACT CCGT
GTAAGGT TAATAACCTTGT TCATTGACGT TACCCGCAGAAGAAGCACCGGCTAACT CCGT
TTGAGGT TAATAACCT TGTCGATTGACGT TACCCGCAGAAGAAGCACCGGECTAACT CCGT

* kkkhkkkkhkkhkkkhkkkkkxkkx EE R R R R I I I R I R I S S I R

GCCAGCAGCCGCGGT AAT ACGGAGGEGT GCCAAGCGT TAATCCGAAT TACT GGGCGTAAAGC
GCCAGCAGCCCCGGT AATACGGAGGEGT GCAAGCGT TAAT CGGAAT TACTGGGCGTAAAGC
GCCAGCAGCCCCGEGT AATACGGAGGEGT GCAAGCGT TAAT CGGAAT TACTGGGCGTAAAGC

R I R I I R SRR R I O Sk O S O I SRR S O b S b S O R

GCACGCAGGCGGT CTGT CAAGT CGGAT GT GAAAT CCCCGGGECT CAACCT GGGAACT GCAT
GCACGCAGGCGGT CTGT CAAGT CGGAT GT GAAAT CCCCGGGECT CAACCT GGGAACT GCAT
GCACGCAGGCGGT CTGTCAAGT CGGAT GTGAAAT CCCCGEGECTCAACCT GGGAACT GCAT

KRR S R R I S O R R R I S IR R kO b S S R b O R

TCGAAACT GGCAGGCT GGAGT CTTGTAGAGGGEEEGT AGAAT TCCAGGT GTAGCGEGT GAA
TCGAAACT GGCAGGCT GGAGT CTTGTAGAGGGEEEGT AGAAT TCCAGGT GTAGCGGT G- AA
TCGAAACT GGCAGGCTAGAGT CTTGTAGAGGGEEGEGT AGAAT TCCAGGT GTAGCGGT GAAA

EE R I R I I O I R R R I R I R R I I S I R * %

ATCCGTAGAGAT CTGGAGGAAT ACCCGGT GECGAAT GCGECCCCC- - TGACAAAGACTGAC
ATGCGTAGAGAT CTGGAGGAATACCGGT GGCGAAAGGCGEGECCCCCTGGACAAAGACTGAC
TGCGTAGAGATCTGGGAGGAAT ACCCGGT GGCGAAGGC- GECCCCTGGACAAAGACTGAC

khkkkkhkhkkkhkhkkk * * **x k* % * % % *khkkkkkxkhkxk*k

GCTCAGT - GCGA- AAGCGTGEGEG- GAGCAAACAGATTAGA- AACTCTGTGATGATATTAC
GCTCAGGT GCGA- AAGCGT GEGG- GAGCAAACAGGATAAGAAACTGTIGT GG - TTGATAC
GCTCATGGT GCGAAAGCGT CEGCEGAGCAAACAGGATTAGATACTCTTGT TGAGTATCTC

*kkkk kkhkkkhkhkkkhkhkk *kkkkkikkkkhki*k * *kk Kk * *

CAA-
AAAA
AAAT

* %
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CHAPTER 4: DISCUSSION

Disease has become one of the mgor limiting factors in aguaculture production of
Bangladesh, especially with the recent increase of aguaculture practices in order to
fulfill the protein deficiency of the rura people. Rural small-scale aguaculture is the
extensive or semi-intensive low- cost farming of aquatic organisms by households or
communities, using technology appropriate to their resource base (Edwards and
Demaine 1997). Common diseases of freshwater fishes are ulcers including EUS,
septicemia disease, tail and fin rot, gill rot, dropsy, various types of fungal, parasitic and
protozoan disease (Chowdhury 1997). Ulcer types of diseases including EUS are often
confusing for their expression and causative agents. These are found to occur throughout
the year in both farmed and wild fishes. Due to lack of proper knowledge of fish health
management, farmers have to fail in most cases to control the disease and become
helpless to save their fish stock. Information on rura based small- scale farmers pond
regarding disease status, their causative agents, suitable control measures etc. are very
important to these farmers who contribute a lot to increase total fish production in the
country (Chowdhury et al. 2003).

Information on the occurrence, pathogenicity and isolation of bacteriain fish culturesin
Bangladesh is scarce. Most of the publications on isolation and characterization of
bacterium are carried out from soil and water samples. However, bacteria isolated from
fishes are characterized on the basis of biochemical properties. The lack of a specific
medium for culturing pathogenic bacteria from diseased fishes is another obstacle for
isolation of the bacterium. In this work we used different medium with little
modification from manufacturer’s instruction, which enabled the development of
colonies of pathogenic bacteria as well as probable strains of other bacteria resides in
water sample. A large number of replications were required to purify the colonies of the

desired species.

Fish farming typically involves the enclosure of fish in a secure system under conditions
in which they can thrive. Interventions in fish life cycles range from exclusion of
predators and control of competitors (extensive aguaculture) to enhancement of food
supply (semi-intensive) to the provision of al nutritional requirements (intensive).
Intensification implies increasing the density of individuals, which requires greater use

and management of inputs, greater generation of waste products and increased potential
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for the spread of pathogens (Naylor et al. 2000). Diseases are a significant threat to the
health of free-ranging and hatchery-reared populations of fishes, including a suite of
important sport and restoration species. Prevention of pathogen introductions and
disease transmissions is the most prudent and cost-effective means for management of
fishery resources (Piper et al. 1982). Because fish reside in, or are reared in open-
environment waters, and pathogens are transmitted horizontally via the water column,
diseases are a recurring concern. In the event of a disease outbreak, quick intervention
with control and treatment measures is essential to preclude or minimize mortality and
disease spread to other populations. With a bacterial etiologic agent, effective disease
control can be dependent upon identification of the pathogen by primary bacterial
culture (Starliper 2008).

Bacteria pathogens are a major cause of infectious diseases and mortality in wild fish
stocks and fish reared in confined conditions. Disease problems constitute the largest
single cause of economic losses in aquaculture (Meyer 1991). Concurrent with the rapid
growth and intensification of aguaculture, increased use of water bodies, pollution,
globalization, and transboundary movement of aquatic fauna, the list of new pathogenic
bacterial species isolated from fish has been steadily increasing (Harvell et al. 1999). In
addition, the virulence and host range of existing pathogens has also been increasing.
Poor water quality and high stocking densities often promote outbreaks of pathogens
and subsequent declines in farm productivity; movement of stocks for aguaculture
purposes can also increase the risk of spreading pathogens (Naylor et al. 2000).

There is no single technique suitable for the recovery of all known bacterial fish
pathogens. Scientists need to use a combination of methods and incubation conditions to
achieve pure cultures. Even so, not all taxa are culturable: for example Candidatus has
not been cultured in vitro (Austin and Austin 2012).

Useful information for the diagnosis of fish disease includes:

* Grossclinical signs of disease on individual fish;

* Internal abnormalities apparent during post-mortem examination,

» Histopathological examination of diseased tissues;

» Bacteriologica examination of tissues (this requires special dexterity to avoid
contamination by the normal bacterial micro flora present on the surface and in
the intestina tract of fish, and in water; specia contamination problems may
be encountered with the examination of small fish, such asfry).
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Renowned and popular phenotypic tests (viz. gross colony morphology, Gram staining,
a set of biochemical tests, carbohydrate utilization, antibiotic susceptibility, CFU, MIC,
and MBC determination, growth optimization) were performed to identify the bacteria
isolates obtained from diseased carp fish collected as of various seasons and months of
the year 2012 and 2013 from two different sites of Rashahi area (Kakanhat and
Darusha) and Ullapara, Sirgjgan;.

Most of the above-mentioned phenotypic tests have been derived from medical
microbiology. Nevertheless, careful attention to detail will generate useful data about
bacterial fish pathogens. Undoubtedly, more modern methods will eventually enter the
realms of fish microbiology. These methods may include the development of highly
reliable rapid techniques, such as offered by high-pressure liquid chromatography and
mass-spectrometry. Moreover, lipid analyses could be adapted further for fisheries
work. Serological techniques, such as those involving ELISA and monoclonal
antibodies, are steadily entering the domain of the fish disease diagnosticians. In
addition, molecular genetics techniques, notably gene probe technology, are under
evaluation in several laboratories (Austin and Austin 2012).

Regarding the biochemical characterization, awide variety of behaviours were observed
among the different isolates. There has been a progressive increase in the number of new
bacteria taxa associated with fish diseases and the emergence of so-called unculturables
(Austin and Austin 2012).

With few exceptions, fish bacteria are inhibited by incubation temperatures above 30°C
and the optimal temperatures for diseases from Aeromonads bacteria are 22°C and
above (Starliper 2008) which are similar to the findings of the present work. Mainly
nutrient agar media was used for the growth of the isolates. Besides that, another two
routinely used media (yeast extract mannitol agar, YEMA and basal salt media, BSMY)
was tested to show their characteristics.

In some reports the terms utilization and fermentation have been used interchangeably
and it has been difficult to ascertain which result was reported from which test method.
Fermentation should be used to describe a result from the breakdown of a carbohydrate
or ‘sugar’ reaction such as used in the conventional biochemical media and the API 20E.
A pH indicator in the medium is able to detect the acid change caused by the breakdown
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products. Utilization should only refer to tests that determine an organism’s ability to
use a substance as a sole carbon source. There is usually no pH indicator in the medium
and growth is observed as an increase in opacity or turbidity of the media. The
exception is Simmons citrate medium, which determines an organism’s ability to use
citrate as a sole carbon source. There are no other nutrients in this medium. On the other
hand, Christensen’s citrate method contains other nutrients and is not a utilization test
for citrate as a sole carbon source (Cowan and Steel 1970, MacFaddin 1980).

Problems were encountered with the reliability of some conventional biochemical tests,
notably the methyl red test and Voges-Proskauer reaction, fermentation and gas
production from different carbohydrates. As some of the isolates showed variable results
for catalase and oxidase activity, there is a dilemma on confirming the isolates. Finally
they were confirmed by 16S rRNA gene sequencing which was cost expensive as well

as need more sophisticated laboratory which is not available in our country.

Aeromonas spp.: The scientific literature abounds with references to aeromonads as fish
pathogens, and it is often difficult to distinguish the primary pathogen from opportunist
or contaminant (Austin and Austin 2012). Aeromonas spp. are recognized as an
autochthonus inhabitants of aquatic environments (Hazen et al. 1978, Kaper et al. 1981,
Larsen and Willeberg 1984). Some of them are pathogenic for poikilothermal animals,
such as frogs, snakes or fish and in homeothermal animals and humans (Popoff 1984,
Altwegg and Geiss 1989, Janda 1991). It has also been frequently isolated from the
lesions of EUS fishes (Anonymous 1986, Llobrera and Gacutan 1987, Roberts et al.
1990, Subasinghe et al. 1990, Torres et al. 1990). This disease is a serious threat to the
freshwater fish production of Southeast Asian countries. It causes mass mortalities both
cultured and wild fish species every year. Aeromonas spp. contribute to the pathogenesis
of the disease (Costa and Wijeyaratne 1989).

Members of the genus Aeromonas are ubiquitous in most types of fresh water including
lake and river water, domestic sewage and raw and processed drinking water (Holmes et
al. 1996). Some mesophilic Aeromonas species have been suspected of being
opportunistic human pathogens, especially in association with gastrointestinal diseases
including traveller’s diarrhoea and paediatric gastroenteritis (Joseph 1996). In a previous
study initiated by the International Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) a set of Aeromonas isolates originating from humans with diarrhoea,
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healthy controls and surface water were compared with regard to their virulence
properties and their taxonomic identity (Kuhn et al. 1997). Huys et al. (2002) described
A. hydrophila subspecies dhakensis subspecies nov. isolated from children with diarrhea
in Bangladesh. Martinez-Murcia et al. (2008) isolated A. aguarioum sp. nov. from

aquaria of ornamental fish.

Species of Aeromonas are Gram-negative, non-spore-forming, rod-shaped, facultatively
anaerobic bacteria that occur ubiquitously and autochthonoudy in aquatic environments.
Although historically the Aeromonas genus has been placed in the family Vibrionaceae
(Popoff 1984), there have been proposas to place it in its own family, the
Aeromonadaceae (Colwell et al. 1986). The aeromonads share many biochemical
characteristics with members of the Enterobacteriaceae, from which they are primarily
differentiated by being oxidase-positive. The genus includes at least 13 genospecies,
among which are the mesophilic A. hydrophila, A. caviae, A. sobria, A. veronii, and
A. schubertii, and the non-motile, psychrophilic A. salmonicida. A. salmonicida is a fish
pathogen and has not been associated with human infection. By contrast, the mesophilic
species have been associated with awide range of infections in humans (Janda and Abbott
1996). Although members of this genus have classically been divided into three
biochemically differentiated groups (typified by A. hydrophila, A. caviae, and A. sobria),
these contain a number of genospecies, to which new species have been added (Carnahan
and Altwegg 1996). Currently the genus is made up of 17 DNA hybridization groups
representing a range of genospecies and phenospecies (WHO 2002).

Aeromonas spp. have previousy been isolated from EUS diseased fish in the Indo-
Pakistan region by Igba et al. (1998). They found that 27% Aeromonas isolates from fish
with EUS in Maaysia, Thailand, and Bangladesh belonged to A. veronii biovar sobria. In
agreement with these findings, fish isolates from mucilage of Labeo (Darusha, Rgjshahi)
and gill of Catla (Ullapara, Sirgjganj) were also genotypicaly identified as Aeromonas sp.
and A. veronii biovar sobria respectively, indicating that this Aeromonas species may
constitute an important causative agent of fish disease in this geographic area.

The mesophilic aeromonads have been commonly isolated from patients with
gastroenteritis although their role in disease causation remains unclear. They are aso
associated with sepsis and wounds, and with eye, respiratory tract, and other systemic
infections (Janda and Duffey 1988, Janda and Abbott 1996, Nichols 1996). Many of the
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systemic infections arise following contamination of lacerations and fractures with
Aeromonas-rich waters. The species principaly associated with gastroenteritis are
A. caviae, A. hydrophila, and A. veronii biovar sobria (Joseph 1996); A. caviae is
particularly associated with young children (under 3 years of age). Many studies have
resulted in the isolation of several species of Aeromonas from patients with
gastroenteritis, and these have been extensively reviewed (Altwegg and Geiss 1989,
Janda 1991, Joseph 1996). There has been considerable debate as to whether the
mesophilic aeromonads are primary enteropathogens, prompted largely by failure to
establish significant infection in volunteer studies. In a study in which 57 people were
challenged using five strains of A. hydrophila with doses ranging from 104 to 1010
organisms, only two individuals developed diarrhoea-one had mild diarrhoea after a
dose of 109 organisms and the other developed moderate diarrhoea after a dose of 107
(Morgan et al. 1985). The value of these datais limited, as the strains used were poorly
characterized and some were not demonstrably enterotoxigenic (Gosling 1996).
However, there have been reports of laboratory-acquired infections in microbiologists
who (unintentionally) ingested significant doses of Aeromonas and developed self-

limiting diarrhoea (Joseph 1996).

The genus Aeromonas comprises a collection of oxidase and catal ase-positive, glucose-
fermenting, Gram-negative, rod-shaped, generally motile bacteria (Popoff 1984). In this
study, the two isolates were agreed with these descriptions of the genus Aeromonas.
These species can be identified by routine biochemical properties such as esculin
hydrolysis, gas production from glucose, lysine decarboxylation, fermentation of
arabinose and salicin etc. (Janda et al. 1984, Bryant et al. 1986a, b, Kuijper et al. 1989).
In the present study nine isolates from diseased fishes were investigated to identify the

Aeromonas species phenotypically.

Initial recognition of A. hydrophila as the causal agent of haemorrhagic septicaemiawas
reported by several authors (Sanarelli 1891, Schaperclaus 1930, Haley et al. 1967), and
it has been recovered as a pathogen from a wide variety of freshwater fish species,
including ornamental fish (Hettiarachchi and Cheong 1994, Pathiratne et al. 1994) and
occasionally from marine fish, e.g. ulcer disease of cod (Larsen and Jensen 1977). The
aetiological agent has been considered to be the dominant cause of motile aeromonas
disease in China (Nielsen et al. 2001), and may well have worldwide distribution.
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However, some doubt has been expressed over its precise role as a fish pathogen
(Heuschmann-Brunner 1965, Eurell et al. 1978, Michel 1981) with some workers
contending that it may be merely a secondary invader of already compromised hosts.
Conversely, other groups have insisted that A. hydrophila constitutes a primary
pathogen. A. hydrophila has been credited with causing severa distinct pathological
conditions, including tail/fin rot and haemorrhagic septicaemias (Hettiarachchi and
Cheong 1994). The organism may be found commonly in association with other
pathogens, such as A. salmonicida. There is evidence that prior infestation with
parasites, namely Ichthyophthirius multifiliis (= Ich) in channel cat fish, may lead to the
development of heightened bacterial populations (A. hydrophila) in the gills, kidney,
liver, skin and spleen and mortalities by A. hydrophila (Xu et al. 2012ab).
Haemorrhagic septicaemia (also referred to as motile aeromonas septicaemia) is
characterized by the presence of surface lesions (which may lead to the sloughing-off of
scales), local haemorrhages particularly in the gills and vent, ulcers, abscesses,

exophthalmia and abdominal distension.

A. hydrophila found as methyl red negative and Voges-Proskauer reaction positive by
Paterson (1974), Larsen and Jensen (1977), Allen et al. (1983a) and Popoff (1984)
which did not match the findings of the present study, but production of acid from
various carbohydrates resembles the same with aforesaid authors. A. allosaccharophila
was found as not to susceptible to sulphadimethoxine or trimethoprim and acid was not
produced from lactose (Martinez-Murcia et al. 1992) which somehow conflict with the
present findings. In contrast to the usua characteristics of A. salmonicida, the majority
of isolates of A. hydrophila were capable of growth at 37°C and are, indeed, motile
(Allen et al. 1983b, Austin et al. 1989).

All strains of motile Aeromonas species are positive for the fermentation of glucose
and maltose and are negative for urease and fermentation of xylose. A subspecies of
A. hydrophila, A. hydrophila ssp. dhakensis has been found negative for acid
production from L-arabinose, whereas A. hydrophila ssp. hydrophila is positive (Huys
et al. 2002). There are also varying reports for utilization of citrate and reaction for
MR. Citrate is said to be positive for 60% of strains of A. hydrophila, and MR is
positive for 53% of strains (Abbott et al. 1992). A. popoffii type strain LMG 17541 is

indole-negative, but other strains are indole-positive (Huys et al. 1997). In the flow
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chart of Bergey’s manual of determinative bacteriology Aeromonas has been
characterized as Gram-negative rod shaped bacilli which is oxidase positive, ferment
glucose and produce acid, NaCl is not required for growth. A. hydrophila and A.
veronii is defined as motile and A. salmonicida is non-motile, where A. hydrophila is

H,S positive and A. veronii is negative.

It has been reported that the organism Aeromonas is rife in freshwater (Heuschmann-
Brunner 1978, Allen et al. 1983b), aguatic plants and fish (Trust and Sparrow 1974,
Uggin 1979) and fish eggs (Hansen and Olafsen 1989), and may be associated with
invertebrates, from where it will be readily available for infection of fish, although the
epizootiology of A. hydrophila has not been considered in any great detail. The evidence
points to a stress-mediated disease condition (Bullock et al. 1971), in which mortalities,
if indeed they occur at all (Huizinga et al. 1979), are influenced by elevated water
temperatures (Groberg et al. 1978, Nieto et al. 1985). At the time of collection of
diseased fishes infected by Aeromonas sp. from Darusha area, water and atmospheric
temperatures were recorded as 26.7°C and 32.2°C respectively. Water and air
temperature were recorded as 17-18°C and 28.2°C respectively at the time of collection
of infected Catla from Ullapara. During the collection period of samples water and
atmospheric temperatures were elevated as well as humidity was in the range of 60-98%
which may play arole for theincreasing activity of bacterial population and infection.

Bacillus sp.: Theinitial outbreak of disease during 1989-1991 led to mortalities of 10—
15% of farmed populations of Clarias carpis, C. gariepinus, C. nigrodigitatus,
‘Heteroclarias’ and Heterobanchus bidorsalis in Nigeria (Oladosu et al. 1994).
Diseased fish were characterised by weakness, lethargy, emaciation and generalized
necrotising dermatitis, with death occurring in a few days. Blood tinged fluid was
present in the peritoneal cavity. Petechia and focal necrosis was evident in the liver and
kidney. The spleen was enlarged, soft and friable. The myocardium was described as
soft and flabby. The stomach was hyperaemic (Oladosu et al. 1994). Gram-positive rods
of 1-4 um in length were observed. It should be emphasized that skin lesions revealed
the presence of Aeromonas and F. columnare. Bacillary necrosis was described in
farmed populations of cat fish (Pangasius hypophthalmus) from the Mekong Delta,
Vietnam. Mortalities among fish that did not otherwise respond to treatment were

observed, and the disease signs centred on 1-3 mm diameter white necrotic and
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granulomatous areas in the kidney, liver, spleen and viscera. Apart from the presence of
mostly myxosporean parasites, an organism considered as an unspeciated Bacillus was
recovered (Ferguson et al. 2001). Colony and cellular morphology as well as
biochemical characteristics of Bacillus found to be similar to the findings of such

previous study.

Oladosu et al. (1994) relied on nutrient agar and incubation at the comparatively high
temperature of 37°C for an unspecified period to isolate Bacillus spp. which is similar to
the present findings but the time required for the bacterial growth is 18-20 hours. Liquid
nutrient consume less time (16-18 hours) than to the nutrient agar which may be due to

bacterial easiness to get their nutrient for growth.

Oladosu et al. (1994) infected Clarias gariepinus via the oral and subcutaneous routes
with a comparatively low dose of 0.5 ml, which contained 1.8x10° cells/ml. Thus, 60
and 30% mortalities were achieved over a 3-week period by oral and subcutaneous
challenge, respectively. Ferguson et al. (2001) reported that 2x10 cells of the putative
Bacillus injected intraperitoneally led to clinical disease. There has been occasiond
mention of B. cereus as a fish pathogen causing branchionecrosis in common carp
(Pychynski et al. 1981) and striped bass (Baya et al. 1992).

Brevibacillus spp.: Genus Brevibacillus has been more recently described, and now
recognized to comprise a separate bacteria family, Paenibacillaceae (De Vos et al.
2009). Brevibacillus sp. is as former Bacillus species and associated with the soil,
isolates have been found in the dairy environment, and some are used in industrial
microbiology applications. Thereis little information about their use as probiotic agents.
A strain of B. breviswas studied for its use for biocontrol of plant pathogens due to their
antimicrobia production (Edwards and Seddon, 2001). Through extensive literature
survey Brevibacillus did not found as pathogenic and it is rarely associated with
infectious disease. Growth of Brevibacillus spp. occurs at pH 5.6 or 5.7 and at 50°C is
variable, however optimum growth occurs at pH 7.0 and the temperature is 30°C as well
as growth is inhibited by 5% NaCl (Shida et al. 1996). Arya and Sharma (2014) found
B. borstelensis as Carbendazim (a fungicide used in agricultural crops) degrading agent
and this bacterium can grow at 25-40°C, at pH 5.2-10.0, NaCl tolerance 2-10%.
B. borstelensis strain 707 a thermophilic bacterium was isolated from soil and can

degrade polyethylene as their sole carbon source (Hadad et al. 2005). Another species
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B. brevis showed tolerance against a heavy metal Cd (Cadmium) and can influence
nodule formation in plants (Vivas et al. 2005). So, this bacterium may come to fish
mucilage from the soil and pond water. A phylogenetic tree based on 16S rRNA gene
sequences antagonistic bacteria and type strains were established.

Klebsiella oxytoca: Klebsiella are renowned as opportunists, frequently resistant to
antibiotics and nosocomial infections. Varieties of Klebsiella have been reported for
sepsis, wound infections, infections of the urinary and respiratory tract in human. This
is facultatively pathogenic bacteria; disease only manifests if host organism immune
defenses are weakened. K. pneumoniae is the well known species causing pneumonia
and they produce white pigmented colony (Austin and Austin 2012) which reflects the
present findings. K. pneumoniae found as motile by flagella, fermentative, acid
producer from maltose showing growth at 30°C and 37°C, and can grow without NaCl
but indole and oxidase negative (Austin and Austin 2012). In the flow chart of
Bergey’s manual of determinative bacteriology Klebsiella oxytoca has been
characterized as Gram-negative bacilli which is lactose fermenter, indole positive,
citrate positive, VP positive and H,S negative. Some members of the genus Klebsiella
have been implicated in human disease or can be the cause of opportunistic infections
including bacteraemia, meningitis, urinary tract infections and wound infections (Baylis

et al. 2011), and are therefore important in clinical settings.

Pantoea sp.: Hansen et al. (1990) reported P. agglomerans which is described as
Enterobacter agglomerans as catalase producer which does not reflect the present
findings. Otherwise it is almost the same in nature with all the properties. They also
mentioned that growth occurs at 4-37°C but not at 40°C, and in 0-6% (w/v) but not
8% (w/v) NaCl. In Wikipedia (the free encyclopedia), it has been described that the
genus Pantoea is “lactose fermenter” which did not support the present findings as
they cannot ferment lactose of MacConkey agar media. Austin and Austin (2012)
reported P. agglomerans as yellow pigmented colony producer, motile by flagella,
fermentative, positive at methyl red test and Voges-Proskauer reaction and ability to
grow at 30°C and 37°C.

Haemorrhages were also recorded in the musculature. Otherwise, there was an absence
of disease signsin the internal organs (Hansen et al. 1990). There has been some debate

over the precise taxonomic relationship of the organism, which has been classified as
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E. agglomerans, Erwinia herbicola and now as P. agglomerans (Grimont and Grimont

2005). The source of the pathogen was unknown (Hansen et al. 1990).

The genus Pantoea contains seven validly-published species, which are primarily
known as plant-associated or phytopathogenic bacteria, but some have aso been linked
with human infections. Over the past 12 years, there have been increasing isolations of
Pantoea strains from a range of hosts and locations which cannot be conclusively
identified. This has highlighted the need for a rapid, molecular-based technique to

conclusively characterize these strains.

P. agglomerans has been focused upon as a useful Gram-negative bacterium of edible
plant origin. P. agglomerans, which can fix nitrogen and solubilize inorganic
phosphorus, has been isolated as a symbiotic bacterium not only from wheat (Lindh et
al. 1991) but also from rice (Feng et al. 2006) and sweet potato (Asis and Adachi 2004)
and has been investigated for its growth promoting activity in these plants (Asis and
Adachi 2004, Feng et al. 2006).

Members of the genus Pantoea are Gram-negative, motile rods belonging to the family
Enterobacteriaceae and display ecological versatility, as they are commonly recovered
from water, soil, insects, and plants (Rezzonico et al. 2009, Smits et al. 2011).
P. ananatis is associated primarily with plants, as epiphyte or endophyte, and as an
emerging phytopathogen infecting awide range of important crop and forest plants (e.g.,
maize, onion, rice, pineapple, Eucalyptus) (Coutinho and Venter 2009). P. ananatis has
also been reported as an occasional clinical isolate and a presumptive opportunistic
human pathogen, associated with septicemia following penetrating trauma with plant
material, nosocomial infections due to exposure to contaminated hospital materias, and
secondary complications of preexisting illnesses (De Baere et al. 2004, Rezzonico et al.
2009, 2012). The genus Pantoea among others, found by Rezzonico et al. (2009) that

they entertain bivalent interactions with both plants and human tissues.

Genomic evolution and adaptive strategies of bacteria fish pathogens are poorly
understood and lags far behind that of human and terrestrial animal pathogens. A
detailed knowledge of the genome sequences of bacteria fish pathogens and how the
genomes of the pathogenic species or strains evolved from nonpathogenic ancestors or

counterparts will help us better understand their pathogenicity mechanisms and
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strategies of host adaptations. This information will help identifying novel vaccine and
drug targets in the genomes of pathogens (Sudheesh et al. 2012).

There is evidence that molecular techniques have been used with increasing regularity
for bacterial pathogens. A timely overview of PCR with emphasis on validation of the
techniques and problems relating to diagnosis has been published (Hiney and Smith
1998). An ideal situation would involve techniques that could recognise and
differentiate between multiple diseases, and this has been achieved with multiplex PCR.
Del Cerro et al. (2002) detected simultaneously A. salmonicida, F. psychrophilum and
Y. ruckeri in fish tissues, recognising the equivalent of 6, 0.6 and 27 CFU, respectively.
Similarly, Gonzalez et al. (2004) used a multiplex PCR and DNA microarray, and
achieved the simultaneous and differential diagnosis of A. salmonicida, Photobacterium
damselae subsp. damselae, Vibrio anguillarum, V. parahaemolyticus and V. vulnificus.
DNA microarrays have been used to detect fish pathogens, including A. hydrophila,
Nocardia seriolae, Streptococcus iniae, V. alginolyticus, V. anguillarum and V. harveyi,
and demonstrated congruence with other methods, i.e. culturing and 16S rRNA gene
sequencing (Shi et al. 2012).

Among the molecular techniques PCR is undoubtedly the most efficient tool for the
diagnosis of bacteria. Severa protocols were applied, but due to the lack of data on the
genome sequence of Aeromonas, Bacillus, Brevibacillus, K. oxytoca and Pantoea from
water and host fish. The use of specific primers for conserved regions of bacterial DNA
isthe most accessible technique (Bader et al. 2003, Darwish et al. 2004).

Amplification of the 16S rDNA gene region is a simple technique to be performed for
the characterization of large numbers of isolates. Data from this study show the
existing genetic variation within a supposedly conserved gene, 16S rDNA, and they
can explain the difficulty of establishing diagnostic protocols for molecular
characterization of the studied strains. Analysis of the phylogram and its ramifications
also suggests the existence of subspecies of several isolates. Dependence of the
molecular technique on certain regions of the gene makes comparisons between
isolates from different studies a chalenge unless similar methods are applied in the
analysis (Darwish and Ismaiel 2005).
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Historically, scientists have seemed loath to make rapid diagnoses, preferring to adopt
laborious testing regimes. There have been dramatic improvements in diagnostic
improvements, encompassing recent developments in molecular biology (Austin and
Austin 2012). Diagnosis has often appeared to be as much art as science, with a
multitude of preferred methods adorning the notebooks of most diagnosticians (Austin
and Austin 2012). However, the rapid acceptance of molecular-based methods has

revolutionised diagnostics in terms of accuracy.

Identification of bacteriain most microbiological laboratories of the third world depends
on their phenotypic properties because of the unavailability of molecular techniques due

to financia and technical support.

A fase or weak positive and negative reaction, which often occurs in routine laboratories,
leads a misidentification of bacterial species. The phenotypic properties presented herein,
might be a useful phenotypic scheme to identify the bacteria from affected fish in the
microbiological laboratories. However, it needs 16S rDNA sequencing experiment for
further identification of the phenotypic species. These experiments will help to know the
relationship between the phenotypic and genotypic identification as wel as the
phylogenetic position of the identified isolates. 16S rRNA sequencing has helped the
description of fish pathogens where phenotypic characterization alone does not permit

their incorporation in classifications (Austin 2011).

The identification of bacterial species in most bacteriological laboratories is based on
phenotypic properties. Although this method has been quite successful, it has not been
precise enough to distinguish closely related species. Bacterial genus, with wide
phenotypic variations, the problem becomes aggravated resulting in confusion of the
identification, which hampered its clinical significance as well as epidemiologic aspects.
In view of these, there need new methods which give best reflection of the genetic

make-up of organism that would be useful for identification.

It would seem that phenotypic identification based on routine procedures in most
laboratories may not be sufficient to identify bacteria to the species level. Severa
authors stress the necessity of using molecular methods in addition to biochemical
markers for the correct identification of strains with genomic species (Altwegg 1993,

Carnahan 1993). The first application of this technique to the psychrophilic aeromonads
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by Popoff et al. (1981) demonstrated that the phenotypically circumscribed Aeromonas
species, eg. A. hydrophila, comprised several genotypically different groups with

genetic distances supporting species delineation.

In this study, bacteria were first identified comparing the biochemical properties, then
the phenotypic identification was confirmed by genotypic identification. It appears from
our study presented herein that there are not sufficient phenotypic properties, which can

identify bacterial isolates with confidence.

Identification of bacterial isolates to the species level based on the phenotypic properties
is imprecise and strains that possess biochemical properties atypical for a given
genospecies are common. Such strains cannot be identified accurately using a limited
number of phenotypic properties. Kuijper et al. (1989), Hickman-Brenner et al. (1987)
and Allen et al. (1983b) reported that phenotypic identification of Aeromonas species
using various published biochemical schemes or the diagnostic keys in Bergey’s manual
was substantially inadequate in terms of the genetic heterogenicity of most Aeromonas
species. The authors aso found the differentiation between phenotypic and genotypic
identification of Aeromonas sp.

Aquaculture is a fast-growing food production sector and the need for antimicrobial
agents varies markedly between countries. Intensification of aquaculture has led to the
promotion of conditions that favour the use of a wide range of chemicals, including
antibiotics, pesticides, hormones, anaesthetics and various pigments. The quantities used
and the usage patterns also vary between countries and individual aguaculture
operations. However, the market for aguaculture antimicrobials is small and the
approva process for new compounds is expensive. Antibiotics can be used in fish to
treat bacterial diseases effectively, but are not for growth promotion as in other food-
producing industries. Antifoulants that contain biocides and pesticides used for
treatment of certain parasites are al'so used in aquaculture operations. The provision of
increased selection pressure leading to antibiotic resistance can occur by overuse or
misuse in human medicine, livestock, agriculture, horticulture and aquaculture. There
are virtually no antimicrobial agents available for treatment of molluscan or crustacean
diseases and alternative control measures are therefore required. Alternatives to the use
of antimicrobial agents include good husbandry, adequate feed composition, vaccines,
biological control and movement restrictions through legislation. Further research is
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required in areas such as vaccine development, immunostimulants and the use of

probiotics (Rodgers and Furones 2009).

The use of antibiotics to control fish diseases has met with limited success and has the
potential danger of antibiotic resistance development in aquatic bacteria (World Health
Organization antimicrobial resistance fact sheet 194, http://www.who.int/inf-
fglen/fact194.html) (Subasinghe 1997). As aguaculture is one of the fastest growing
food production industries in the world, demand for sustainable ways of combating fish
diseases is gaining significance. There is tremendous scope for developing novel
vaccines and therapeutic drugs against bacterial fish pathogens (Sudheesh et al. 2012).
In a fish farm where a symptom of disease (red spot) was primarily seen, the grower
applied antibiotic namely Doxy-Oxy (combination of doxycycline and oxytetracycline)
with air dried supplementary feed on aregular basis of aweek.

According to the American Society of Microbiology Task Force on Antibiotic
Resistance (ASM 1994) “the increasing problems associated with infectious diseases in
fish, the limited number of drugs available for treatment and prevention of these
diseases, and the rapid increase in resistance to these antibiotics represent major

challenges for this source of food production worldwide”.

A number of recent reports, press releases and on-going investigations have raised
legitimate public concerns about the safety of antibiotic drug usage in aguaculture
(Alderman and Hastings 1998, Goldburg et al. 2001). Establishing the exact level of
drug use and potential dangers is difficult due to lack of data, fragmented laws,
regulations, jurisdictions and interpretations of reporting guidelines (OTA 1995) and
large quantities of aquaculture imports from countries where legal and illegal drug use

may escape documentation.

However, it isimportant to emphasize, that there is not a direct linkage between pounds
used in aquaculture versus other agricultural uses versus human use and the risk of
adding to the pool of resistance bacteria threatening public health. Uses of antibioticsin
aquaculture occur in environments with vastly different pathogens, bacteria, and
antibiotic selection pressures (Goldburg et al. 2001). Aquaculture is also associated with
novel routes for people to become exposed to resistant bacteria, or genes conferring
resistance to a given antibiotic with roots in agquaculture. For this reason, aquaculture
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may be, or may come to contribute to the pool of antibiotic resistant bacteria triggering
infections in humans disproportional to aquaculture’s share of antibiotic use. Given the
global nature of the antibiotic resistance crisis, any and all uses of antibiotics that are
contributing to the problem should be examined.

Economic impact of diseases and biosecurity measures. The economic values of fish
and fisheries species at different levels are relative to (i) farmgate level, (ii) national
export level, (iii) regional and national socio-economic considerations, and (iv) stock
market level. In 2006, globa farmgate value of aguatic animals was estimated to USD
78.8 billion and the Global loss from diseases estimates may have different assumptions
and total loss of USD 3 billion per year (1997/2001/2006) (World Bank report 2006).

Examples for economic losses due to disease
= Losses due to shrimp diseases. USD 3 hillion for 11 countries (Asian +
South/North America) for the period 1987-94;
= Bangladesh; 15% reduction in production (questionnaire 2004);

= |n Ecuador (1999/2000), white spot disease (WSD) caused production |osses
valued at USD 600 — 1000 million — all production units affected, several
100,000s jobs lost in the sector;

= In China (1993) and Thailand (1996), white spot disease (WSD) aone
caused more than USD 400 and 500 million in production loss;

= Annual losses finfish speciesin China> USD 120 million (1990 — 1992);

=  Sealice mortadities have cost the EU salmon farming industry an estimated
€14 million per year;

= |nfectious salmom anaemia cost the industries of Norway, Scotland, and
Canadain the order of USD 60 million (MacAlister Elliot and Partners, 1999);

= |SA outbreak in Scotland 1998/1999: £20 million;

= Annua ISA cost in Norway and Canada: USD 10-15 million (Hastings et al.
1999).

Cost of disease: This could be measured by adding loss (reduction in benefits) and
expenditures (additiona input). Expenditures includes farm level (e.g. biosecurity
measures (including vaccination), treatment and extraordinary costs), national level
(legidlation and control and surveillance), indirect cost (cost to society (social, welfare,

environmental), negative externalities and insurance/potential  government
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compensation) and other effects (adjustments in market share, increasing price due to
lower supply). However, such cost levels are not monitored or recorded neither by the

farmers nor by the fisheries sector of Bangladesh.

Impact of diseases: Productivity of healthy fish, trade of fish, environment, welfare of

the aguatic organisms and human welfare are the main constraint.

Effects on productivity: Biological and economic feed conversion rate (feed intakei.e.
altered ability of intake and digest the feed by fish), growth rate is affected, which may
ultimately resulted in mortality or morbidity (biomass for sae is reduced and yield
consumable is also decreased), flexibility in production and immunosuppression

(increased sensitivity to other diseases).

Effects on trade: Disease affected trade by lower marketing margins, reduced quality
and thus value of the products, negative publicity may cause reduced demand for the
fish, trade restrictions (national and international) often caused in shrimp export, and

loss of market access/market shares.

Environmental impact: Increasing infectious load in the aquatic environment thus lead
to the introduction of new agents affecting new host species.

Welfare: Disease relates to human welfare (loss of earnings/jobs, recreation, the
apprehension of a healthy environment, eating food of (potentialy) sick fish, working
with diseased fish) henceit is needed to focus on this event.

Biosecurity (“Prevention is better than cure”): It is defined as the process and objective
of managing biological risks associated with food and agriculture (food production) in a
holistic manner (FAO). The probability of avoiding introduction or reintroduction of an
infectious agent to the farm (Stott et al. 2003) is the first step towards this. It must be
based on risk profile of actual disease(s), epidemiology of the disease, efficient farm
level strategies viz. (good management practice, testing of water parameters, quarantine
of spawns and juveniles before introducing in the farm pond, and vaccination (whenever
needed). Biosecurity includes legislation and on-going surveillance and control

programmes and it is non-agent/disease specific.
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Biosecurity activity: Thiswill reduce the probability of infectious exposure (known and
unknown) and curtail its effect (holistic), it is an additional input to the production
function, it may increases output or lower the need for input, and it should be balanced

between benefit and cost.

Optimization of benefits from biosecurity measures: If biosecurity measures
taken in right manner there should be little risk of introduction of pathogens (risk
profile of various diseases, endemic vs new disease, probability of biosecurity
breakdown), there is an idea about epidemiology of the disease, thought should be
given about farm characteristics, awareness of opportunity costs and it reduces the

risk and increases the benefits.

The variations in the literature for different strains are aso recorded, so it is needed to
be aware of the difficulties encountered when identifying particular species. Hopefully
this system should not prove too tedious for the workers; it is intended to give the
users more confidence in naming an organism and to alert them to potentia
difficulties. In some cases, species are relatively newly described and different
researchers have obtained different biochemical reactions. It must be stressed that
difficulties arise when assessing results of some phenotypic tests when two different
versions of a biochemical test have been used, where differences were noted from
different manuals, and journal articles. Phenotypic tests are still the primary
identification system, and therefore we must be aware of the difficulties encountered
with some tests for particular organisms. Some species have been newly described on
one strain only and as more information is gathered about this species it may become
evident that the type strain is not in actual fact representative of the species (Janda and
Abbott 2002). Therefore subsequent strains isolated and identified as belonging to this
species may show slightly different results in the biochemical tests. In this case, the
atypical A. salmonicida group different biochemical results are reported from strains
isolated from different fish species. For the diagnostic laboratory trying to identify an
unknown isolate, it may be difficult to say for certain that the isolate is an atypical
A. salmonicida. However, with the phenotypic details listed of all isolates from
different fish species, it may enable a more definitive identification, or at least an
identification can be made with slightly more confidence. There are limitations to all

phenotypic (and genotypic) identification systems (Janda and Abbott 2002).
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Bangladesh is one of the 15 leading aguaculture producing countries in the world
achieving a rank of 6™ position (FAO 2011). Aquaculture contributed about 52.92%
of total fish production of the country during 2011-12 (DoF 2013). In spite of
tremendous potential production, rural freshwater aquaculture of Bangladesh has
been suffering from outbreak of diseases. The common fish diseases in Bangladesh
are ulcer type disease including EUS, tail and fin rot, bacterial gill rot, dropsy,
fungal diseases and parasitic diseases (Chowdhury 1993). Infectious diseases caused
by bacterial and fungal pathogens have been recognized as a serious threat to
aguaculture in Bangladesh (Zahura et al. 2004). Hossain et al. (2011) estimated the
losses due to mortality and retardation/cessation of growth of fish in ponds in West
Bengal as aresult of epidemic infections. In China, it was estimated that around 10%
culture area is suffering from disease, with annual losses of fish production is around
15% (Wei 2002). In Bangladesh only a few studies have been carried out on the
economic impact of fish diseases. Bagum et al. (2013) reported the average
prevalence of fish diseases was highest (27.0%) in Rgshahi followed by
Mymensingh (24.6%) and Sylhet (18.3%) districts. About 76.70% diseases were
reported mainly in winter season, 7.70% in summer, 7.33% in both the seasons,
6.70% in rainy season and 1.70% in any season in ponds, and highest number of
farmers (27.33%) used lime and salt to treat fishes, and the highest average
economic loss was estimated as BDT 30,023 ha* yr'* (14.4%) in Rajshahi.

In Rajshahi districts, maximum fish ponds do not have permanent source of water and
such ponds depend for water on rainfall, rice field, and near river/ditch. Dahal et al.
(2008) indicated that ponds receiving water from rice field and river/ditch had showed
high relative risk of EUS.

In the studied ponds, fishes were infected with red spot disease and the clinical signs
of the disease were red spot or haemorrhages on skin and at the base of fins,
sometimes ulcersin the skin, finally lost scales and died. Red spot disease is caused by
a group of motile aeromonas septicaemia including A. hydrophila, A. sobria, and
A. caviae. This disease often occurs during the change from the dry to rainy season
and during the flood season (Khoi et al. 2008). Conditions that favor red spot disease
are also high stocking densities, environmental pollutants and a large amount of
organic mud in the pond (Roberts 1993).
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In pond of Kakanhat, Rajshahi area diseased fishes were found in winter season. Faruk
et al. (2004) reported that about 79% disease was found in winter season. Hossain and
Paul (1993) reported that the immune system of fish suppressed this time due to low

temperature and fish become more susceptible to fish disease.

The pond water of Darusha area was heavily engage with chemicals because it was
surrounded by paddy field where run out water entered easily at rainy season (June-
August) as it was lying down from the surrounding field. No doubt this is one of the

major causes of disease outbreak.

Fish farmer of Ullapra, Sirgganj area reported that gill rot was found frequently in
major carps. This disease was characterized by the white margins on the fins and
putrefaction of the gill or fins. It was caused by the bacteria called Myxobacter and
Flavobacterium (Turnbull 1993). This disease occurs mostly among the young ones
during summer months. Besides the high temperature, humid condition, high organic
material settled at the bottom of the pond was also a predisposing condition for the
outbreak of this disease which was noted as manageria problem.

Fish diseases are one of the maor constraints resulting from intensification of
aquaculture and may eventually become a limiting factor to the economics of a
successful and sustainable aquaculture industry. The most commonly reported diseases
was EUS, followed by red spot, tail and fin rot, grayish white spot in H. fossilis and
dropsy were reported by Mazid (2001), DoF (2002), Faruk et al. (2012).

Faruk et al. (2012) reported that mostly lime was applied in treating brood and health
management. Sultana (2004) also observed that lime is very effective and widely used

common chemical in Bangladesh.

Economic losses from diseases are likely to increase as aguaculture expands and
intensifies. The estimated economic loss due to fish disease varied from farm to farm
based on the intensity of infection and the management practices adopted by farmers.
The average overal economic loss and control cost due to disease was found BDT
24,870 ha’ yr! and BDT 3,460 ha’ yr, respectively (Bagum et al. 2013). However,
about 12.9% of the production value was lost due to fish disease. Faruk et al. (2004)

11
reported that average loss due to fish disease was BDT 20,615 ha yr . The economic
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loss due to disease could be attributed to reduced growth rate, which was possibly due to
poor food conversion ratio (FCR) in infected fish. It was aso observed that farmers
spent extra feed to regain better FCR and ultimately better growth. Bagum et al. (2013)
reported that the economic loss due to incidence of fish disease in Rgjshahi district was
the highest. This might be for higher stocking density, poor water quality, poor
knowledge about fish disease control and inexperience for better fish hedth

management techniques.

Biosecurity measures are essential in any biological production chain to control the
devastating effects of diseases and maintain global trade. Cost of biosecurity is a
necessary input in the production function. Models for promoting and optimizing
benefits of biosecurity measures are needed to secure the understanding of the
biosecurity and cost relationship so that the best practice is understood and adopted.
Animal health economics and disease impact is a multidisciplinary complex issue where
large set of production, epidemiological and biosecurity data required (data may be

difficult to achieve).

There are some fish diseases and infections that can be transmitted from fish, and the
water in which they are cultured, to humans. Although the infection of humans with fish
pathogens is arelatively unusual event, it is a health risk that needs to be recognized by
fish farmers and other people who handle and/or consume farmed fish. The incidence of
transmission of disease from fish to humans is dependent upon severa factors including
the type of organism (viral, parasitic or bacterial), the susceptibility of the host
(immuno-compromised individuals, presence of open wounds) and environmental
factors (quality of the water, depth of penetration of fish spines). Optimum farm design,
appropriate husbandry and handling, water quality management and regular fish health
monitoring will reduce the risk of disease transfer from fish and their environs to

workers in the aquaculture industry.
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CHAPTER 5: SUMMARY, CONCLUSION AND
RECOMMENDATIONS

5.1 Summary

The present study was carried out from March 2012 to February 2015 to isolate and
characterize the bacteria which were responsible for disease in farmed carp fishes.
Sample collection was the first step for the study and samples were collected from two
sites of Rajshahi and one site of Ullapara upazilla, Sirgjganj district. From these three
ponds this was the first report of disease outbreak. Moribund diseased fishes were
collected and immediately brought to the Genetics and Molecular Biology Laboratory,
Department of Zoology, University of Rajshahi along with pond water. Collected
diseased fishes were P. sarana, L. rohita, L. bata, C. catla, C. mrigala and H. molitrix.
From the fishes and water samples from Ullapara a total of nine (9) isolates were
primarily differentiated on the basis of their colony size and colour; then sub-cultured on

regular basis on nutrient agar and nutrient broth to get pure cultures for further tests.

Morphological, physiological and biochemical characteristics were detected through
Gram-staining, KOH stringing, lactose fermentation, citrate utilization, catalase,
cytochrome-oxidase, oxidative-fermentative, growth on triple sugar iron agar, sulfur
reduction, indole production, motility investigation, urea hydrolysis, methyl red and
Voges-Proskauer reaction, carbohydrate utilization, and antibiotic susceptibility test.
Colony forming unit for each of the isolates were calculated on nutrient agar plate;
minimum inhibitory and minimum bactericidal concentration were detected using two
antibiotics ampicillin and tetracycline, and growth optimization of the isolates have been

done at temperatures from 25 to 37°C, at pH from 6 to 8 and at salinity 1 to 3%.

Genomic DNA was extracted from each of nine isolates using TIANamp Bacteria DNA
kit (Tiangen, China) for molecular identification through 16S rRNA gene sequence.
PCR was done with extracted genomic DNA using several sets of forward and reverse
primers, PCR products were run through 1.0% agarose gel containing ethidium bromide,
and visualized under UV-transilluminator. Amplicons were purified using TIANquick
Midi purification kit (Tiangen, China) and purity and concentration were measured

using spectrophotometer Nanodrop 2000. With the obtained sequence from ABI Prism
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genetic analyzer NCBI nucleotide BLAST search tool was used to find the possible
matches deposited on databases. Bacterial identity was found according to the first
match and FASTA sequences were downloaded and phylogenetic trees were
constructed. Trees of the isolates were produced using BLAST pair wise aignments and
neighbor joining tree method was used. Unrooted tree was downloaded as Newick

format and trees were edited with MEGA version 6.0 software.

Semi-intensive mixed carp culture system was followed by the producers of pond of
Kakanhat and Darusha area, Rajshahi and monoculture of Catla was practiced by the
grower of Ullapara, Sirgjganj from where the diseased fishes were sampled. On the spot
water temperature, pH and salinity were recorded as 19.5°C, 7.9 and O ppt respectively
for pond of Kakanhat (December 2012); 26.7°C, 8.2 and 1 ppt for the pond of Darusha
area (July 2013) and for the pond of Ullapara, Sirgjgan] they were recorded as 17-18°C,
7.8-8.2 and 2-3 ppt respectively (August 2013).

The isolates designated as CK, WK, YK for Kakanhat; CD, YD and CYD for Darusha
and SW/Cr, SW/Y el and GSH/Cr for Ullapara, Sirgjganj. Colony sizes were large for all
the isolates except YK, and shapes were circular while SW/Yel produced irregular
colony. Isolates CK, WK, YK, CD, SW/Cr and GSH/Cr were Gram-negative rods and
three isolates YD, CYD and SW/Yd were Gram-positive. Gram-negative six isolates
can utilize citrate of Simmons citrate agar; isolates CK and WK can ferment lactose of
MacConkey agar while other four could not. Isolates CK, WK, SW/Cr and SW/Y €l
were found as catalase positive while YD and CYD were weak positive on catalase
activity. YK, CD and GSH/Cr did not show any activity on H,O,. All the isolates were
found as fermentative type of bacteria. Three isolates (CD, CYD and GSH/Cr) were
oxidase positive. None of the isolates reduce sulphur, five (CK, WK, CD, SW/Cr and
GSHY/Cr) produced indole, and three (CD, SW/Cr and GSH/Cr) were motile on motility
indole urea (MIU) media. Six isolates (CK, WK, YK, CD, SW/Cr and GSH/Cr) showed
positive results for methyl red test while four (YK, CYD, SW/Cr and SW/Y €l) of them
were Voges-Proskauer positive. Sucrose was utilized by all the isolates where SW/Y el
only could ferment sucrose. Among the nine isolates six showed resistance against

bacitracin. All the isolates were more or less sensitive to gentamicin, neomycin,
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cephradine, doxycycline, tetracycline, ceftriaxone, ciprofloxacin, pefloxacin, mecillinam

and nitrofurantoin.

The CFU/mI were calculated as 42-50x10™, 39-48x10", and 37-43x10™ for the three
isolates CK, WK and SW/Cr respectively. For the two isolates CD and GSH/Cr CFU/mI
were 34-41x10™ and 32-39x10™ respectively. CFU/ml was recorded as 65-71x10" and
58-64x10" respectively for the two isolates YD and CYD. Isolate YK and SW/Yel
formed 23-27x10% and 11-16x10° CFU/ml respectively. Two isolates (CD and
GSH/Cr) were found ampicillin resistant, MIC for this antibiotic ranged from 320-640
pg/ml and MBC was in the range of 320-1280 pg/ml for the rest of the isolates. The
MIC and MBC were found to range from 320-640 pg/ml and 320-1280 pg/mi
respectively for the antibiotic tetracycline as all the isolates were sensitive to this
antibiotic. Isolates showed their optimum growth in the range of temperature 28-30°C,

pH 6.8-7.5 and sdlinity at 1%.

Five different primers were used and the combination of 8F-806R and 8F-1492R gave
the more contrast single band in between 700-800 bp in comparison to 1kb plus DNA
ladder. PCR was carried out with an increased volume (50 pl) using 8F-806R. PCR
products were purified and prepared for sequencing PCR. The BLAST search results for
the partial sequences of the 16S rRNA gene of the isolates revealed that three isolates
CK, WK and SW/Cr were from the same species K. oxytoca but of different strains. The
third isolate YK found as Pantoea sp.; fourth and ninth isolates CD and GSH/Cr were
different strains of Aeromonas. The fifth and sixth isolates (YD and CYD) having
amost same physiological and biochemical characteristics found as different strains of
the genus Brevibacillus borstelensis. The isolate SW/Y e was the only member from the

genus Bacillus.
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5.2 Conclusion

Outbreaks of bacterial diseases are influenced by the susceptibility of the host, virulence
of the pathogens, and quality of the environment (Wedemeyer et al. 1976). Therefore,
control of diseases of fish and shellfish is primarily a managerial problem. It is very
important for aquacultural managers to have a thorough understanding of biology,
physiology, microbiology, immunology, ecology, and therapy. It is necessary for
managers to be properly trained and capable of making proper evaluations of the disease
problem. Reduction of losses caused by bacteria and other diseases of fishes will
require integration and evaluation of all that is known about the nature of the disease,
and proper and timely application of control measures (Snieszko 1978).

Assessing the impacts of disease in aguaculture system is not easy, as only acute
losses are recognized and quantified. Chronic mortalities and poor growth caused by
disease are generally not recognized. In order to quantify disease losses, farmers
should be able to identify disease as the reason for crop loss, slow growth or poor
harvest. Rural farmers are mostly resource poor with little or no knowledge of health
management and have inadequate opportunities to improve management skills.
Therefore, it is important to train farmers to carry out field-level diagnosis and assess
the likely impacts of diseases.

A number of chemotherapeutics were reported for controlling fish disease. Liming and
salting together was the most common practice followed by application of lime only,
salt only, potassium permanganate, antibiotics, pesticides and insecticides. Lime is very
effective in maintaining pH, water color, turbidity, increase the rate of decomposition
and to treat disease fishes. Changes of environmental factors due to global warming are
directly affecting the life of aguatic animals. As a result the aquatic animals are
increasingly in under pressure to change their norma behaviour and become more
susceptible to environmental factors.

Among the identified isolates Aeromonas is well known as disease causing agent in fish
and also cause disease in human. Scarce information is about Bacillus and Pantoea as
fish pathogen, different species of Klebsiella are renowned for their pathogenicity in
different organisms including man. Brevibacillus sp. is first time isolated and identified
from diseased fish. Therefore, Bacillus, Pantoea and Brevibacillus cataloged in the
present study will give clues at upcoming days.

Research on this aspect has not yet been done systematically in the country. Considering
the importance, the objective of the present study was to investigate ulcer type of
diseases in the small-scale rural farmer’s pond.
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5.3 Recommendations

Water source is one of the major factors for pre-stocking pond management which has a
direct relationship with disease occurrence. In another partial study with the present
work, it was found that drainage sewage water from homestead and domestic use
burdened with Staphylococcus which is another cause for disease outbreak. So keeping
in mind this sort of matter, entrance of water from such sources should be maintai ned.

Secondly, fish fry should be collected from renowned sources where all parameters (viz.
matured and healthy brood fishes, hygienic condition of hatchery etc.) were maintained
strictly. Transportation of fry and fry releasing provision has a great influence on fish
health. Therefore, proper administration should be taken to minimize the chance of

disease occurring factors.

Finally, diagnosis of fishes on naked eye and differentiation of diseased fishes from
healthy ones is another point to restrict the havoc of disease expansion. So, awareness
build up among fish producers is needed where there is a little chance to trained skilled

manpower on fisheries sector.

Low cost and less time consuming culture independent techniques should be devel oped
to identify the etiologic agents because culture dependent techniques took more time.
Proper administrations on disease management need to be advocated and farmers’ and
manpower who are engaged with fish trade should be informed that proper steps should
be taken at the time fish handling.

Though there is no evidence of Brevibacillus as pathogen and there is always a chance
to show pathogenicity over a population where they found. So, it is needed for al the
isolates especially Brevibacillus to test their pathogenicity on fishes through artificial
challenge tests through intra-muscular of intra-peritoneal injection and immersion or

bath. Study would be carried out for histological changes after artificial challenge test.

170



Abbass A, Sharifuzzaman SM and Austin B. (2009) Cellular components of probiotics
control Yersinia ruckeri infection in rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases, 33: 31-37.

Abbott SL, Cheung WKW, Kroske-Bystrom S, Malekzadeh T and Janda JM. (1992)
Identification of Aeromonas strains to the genospecies level in the clinical
laboratory. Journal of Clinical Microbiology, 30(5): 1262—-1266.

Abdel-Lah AK and Shamrukh M. (2001) Impact of septic system on ground water
quality in a Nile valley village, Egypt. Sxth International Water Technology
Conference, IWTC 2001, Alexandria, Egypt. pp. 237-245.

Abowei JFN and Briyai OF. (2011) A Review of Some Bacteria Diseases in Africa
Culture Fisheries. Asian Journal of Medical Sciences, 3(5): 206-217.

Acha PN and Szyfres B. (2001) Bacterioses and Mycoses. In: Zoonoses and
communicable diseases common to man and animals (3rd edn.) Vol. |. Scientific
and Technical Publication No. 580, Pan American Health Organization, Regiona
Office of the WHO, Washington, USA, ISBN 9275315809, 384 pp.

ADB/NACA (Asian Development Bank/The National Advisory Committee for
Aeronautics). (1991) Fish health management in Asia-Pacific. Report on a
regiona study and workshop on fish diseases and fish health management. ADB
Agriculture Department Report Series No. 1. Network of Aquaculture Centersin
Asia-Pacific. Bangkok, Thailand. 627 pp.

Alderman DJ and Hastings TS. (1998) Antibiotic use in aquaculture: development of
antibiotic resistance- potential for consumer health risks. International Journal of
Food Science and Technology, 33: 139-155.

Alinovi A, Vecchini F and Bassissi P. (1993) Sporothricoid mycobacterial infection — a
case-report. Acta Dermato-Venereologica, 73: 146-147.

Allen DA, Austin B and Colwell RR. (1983a) Aeromonas media, a new species isolated
from river water. International Journal of Systematic Bacteriology, 33(3): 599-604.

Allen DA, Austin B and Colwell RR. (1983b) Numerical taxonomy of bacterial isolates
associated with a freshwater fishery. Journal of General Microbiology, 129:
2043-2062.

Altinok | and Kurt i. (2003) Molecular Diagnosis of Fish Diseases: a Review. Turkish
Journal of Fisheries and Aquatic Sciences, 3: 131-138.



References

Altwegg M and Geiss HK. (1989) Aeromonas as a human pathogen. CRC Ciritical
Reviews in Microbiology, 16(4): 253-286.

Altwegg M. (1993) A polyphasic approach to the classification and identification of
Aeromonas strains. Medical Microbiology Letters, 2: 200-205.

Alvarez JD, Austin B, Alvarez AM and Agurto CP. (2001) Antimicrobial resistance of
vibrios isolated from fish and marine shrimp in Venezuela. Revista Cientifica-
Facultad de Ciencias Veterinarias, 64: 139-148.

Amandi A, Hiu SF, Rohovec JS and Fryer JL. (1982) Isolation and Characterization of
Edwardsiella tarda from Fall Chinook Salmon (Oncorhynchus tshawytscha).
Applied and Environmental Microbiology, 43(6): 1380-1384.

Amann R, Ludwig W and Schleifer KH. (1994) Identification of uncultured bacteria: a
challenging for molecular taxonomists. ASM News, 60: 360-365.

Amaro C and Biosca EG. (1996) Vibrio vulnificus biotype 2, pathogenic for edls, is aso
an opportunistic pathogen for humans. Applied and Environmental Microbiology,
62: 1454-1457.

Amaro C, Biosca EG, Fouz B, Alcaide E and Esteve C. (1995) Evidence that water
transmits Vibrio wulnificus biotype-2 infections to eels. Applied and
Environmental Microbiology, 61: 1133-1137.

Amin MN. (2000) Impact of fish diseases on fish culture in Northern region of
Bangladesh. Director General, Rural Development Academy, Bogra-5842,
Bangladesh, pp. 7-17.

Anderson DP. (1974) Book 4: Fish immunology. In: Diseases of fishes (eds. SF Snieszko
and HR Axelrod). TFH Publications, Neptune, NJ. 239 p.

Andrew TG, Huchzermeyer KDA, Mbeha BC and Nengu SM. (2008) Epizootic
ulcerative syndrome affecting fish in the Zambezi river system in Southern
Africa. Veterinary Record, 163: 629-631.

Anonymous (1986) Report of the expert consultation on ulcerative fish disease in Asia-
Pacific region. Food and Agricultural Organization of the United Nations
TCP/RAS 4508, Bangkok.

172



References

Aoki T, Takano T, Santos MD, Kondo H and Hirono |. (2008) Molecular Innate
Immunity in Teleost Fish: Review and Future Perspectives (eds. K Tsukamoto, T
Kawamura, T Takeuchi, TD Beard Jr. and MJ Kaiser). Fisheries for Global
Welfare and Environment, 5th World Fisheries Congress, pp. 263-276.

Apun K, Yusof AM and Jugang K. (1999) Distribution of bacteriain tropical freshwater fish
and ponds. International Journal of Environmental Health Research, 9: 285-292.

Arijo S, Brunt J, Chabrillon M, Diaz-Rosdes P and Austin B. (2008) Subcellular
components of Vibrio harveyi and probiotics induce immune responses in
rainbow trout, Oncorhynchus mykiss (Wabaum), against V. harveyi. Journal of
Fish Diseases, 31: 579-590.

Arkoosh MR, Casillas E, Huffman P, Clemons E, Evered J, Stein JE and Varanasi U.
(1998) Increased susceptibility of juvenile chinook salmon from a contaminated
estuary to Vibrio anguillarum. Transactions of the American Fisheries Society,
127: 360-374.

Arya R and Sharma AK. (2014) Screening, Isolation and Characterization of
Brevibacillus borstelensis for the Bioremediation of Carbendazim. Journal of
Environmental Science and Sustainability, 2(1): 12-14.

Asis CA J and Adachi K. (2004) Isolation of endophytic diazotroph Pantoea
agglomerans and nondiazotroph Enterobacter asburiae from sweetpotato stem in
Japan. Lettersin Applied Microbiology, 38: 19-23.

ASM (American Society for Microbiology). (1994) Report of the ASM Task Force on
Antibiotic Resistance. July 4, 1994. Available at: http://www.asmusa.org/pasrc/
pdf s/antibiot.pdf

Atlas RM. (2010) Handbook of Microbiological Media (4™ edn.). ASM Press,
Washington, DC. and CRC press, Taylor and Francis Group.

Aujoulat F, Roger F, Bourdier A, Lotthé A, Lamy B, Marchandin H and Jumas-Bilak E.
(2012) From Environment to Man: Genome Evolution and Adaptation of Human
Opportunistic Bacterial Pathogens. Genes, 3. 191-232. doi:10.3390/genes
3020191

Austin B. (1982) Taxonomy of bacteria isolated from a coastal, marine fish-rearing unit.
Journal of Applied Bacteriology, 53: 253-268.

Austin B. (1983) Bacteriad microflora associated with a coastal, marine fish-rearing unit.
Journal of the Marine Biological Association of the United Kingdom, 63: 583-592.

173



References

Austin B. (19844) The future of bacteria fish vaccines. Vaccine, 2: 249-254.

Austin B. (1984b) The control of bacterial fish diseases by antimicrobial compounds. In:
Antibiotics and Agriculture, Benefits and Malefits (ed. M Woodbine). Sevenoaks,
Butterworths, pp. 255-268.

Austin B. (2006) The bacterial microflora of fish, revised. The Scientific World Journal,
6: 931-945. doi:10.1100/tsw.2006.181.

Austin B. (2011) Taxonomy of bacteria fish pathogens. Veterinary Research, vol. 42:
article no. 20. doi:10.1186/1297-9716-42-20

Austin B and Al-Zahrani AMJ. (1988) The effect of antimicrobial compounds on the
gastrointestina microflora of rainbow trout, Salmo gairdneri Richardson. Journal
of Fish Biology, 33: 1-14.

Austin B and Austin DA. (1987) Bacterial Fish Pathogens. Diseases of Farmed and
Wild Fish (1% edn.). Ellis Horwood, Chichester.

Austin B and Austin DA. (2007) Bacterial Fish Pathogens. Diseases of Farmed and
Wild Fish (4th edn.). Springer-Praxis, Goldaming.

Austin B and Austin DA. (2012) Bacterial Fish Pathogens. Diseases of Farmed and
Wild Fish (5™ edn.). Springer Dordrecht Heidelberg New York London. DOI
10.1007/978-94-007-4884-2

Austin B and Billaud AC. (1990) Inhibition of the fish pathogen, Serratia liquefaciens,
by an antibiotic-producing isolate of Planococcus recovered from sea water.
Journal of Fish Diseases, 13: 553-556.

Austin B and Stobie M. (1992) Recovery of Serratia plymuthica and presumptive
Pseudomonas pseudoalcaligenes from skin lesions in rainbow trout,
Oncorhynchus mykiss (Walbaum), otherwise infected with enteric redmouth.
Journal of Fish Diseases, 15: 541-543.

Austin DA, Mclntosh D and Austin B. (1989) Taxonomy of fish associated Aeromonas
spp., with the description of Aeromonas salmonicida subsp. smithia subsp. nov.
Systematic and Applied Microbiology, 11: 277-290.

Ausubel FM. (2005) Are innate immune signaling pathways in plants and animals
conserved? Nature Immunology, 10: 973-979.

174



References

Bader JA, Shoemaker CA and Klesius PH. (2003) Rapid detection of columnaris disease
in channel catfish (Ictalurus punctatus) with a new species-specific 16S rRNA
gene based PCR primer for Flavobacterium columnare. Journal of
Microbiological Methods, 52: 209-220.

Bagum N, Monir MS and Khan MH. (2013) Present status of fish diseases and economic
losses due to incidence of disease in rural freshwater aquaculture of Bangladesh.
Journal of Innovation and Devel opment Strategy, 7(3): 48-53.

Balasubramanian S, Rgjan MR and Ra SP. (1992) Microbiology of fish grown in a
sewage-fed pond. Bioresource Technology, 40: 63-66.

Barrow Gl and Feltham RKA (ed.). (1993) Cowan and Steel’s Manual for the
Identification of Medical Bacteria (3 edn.). Cambridge University Press,
Cambridge, Great Britain. 331 pp.

Barua G, Banu ANH and Khan MH. (1991) An investigation into the prevalence of fish
disease in Bangladesh during 1988-1989. Bangladesh Journal of Aquaculture,
11-13: 27-29.

Bassey SE. (2011) A Concise Dictionary of Parasitology (1st edn.). Zetus Concepts, Port
Harcourt, pp. 115.

Baya AM, Lupiani B and Hetrick F. (1992) Bacillus cereus, a pathogen for striped bass.
Eastern Fish Health and American Fisheries Society Fish Health Section
Workshop, 16-19 June 1992, Auburn University, Auburn, pp. 67.

Baylis C, Uyttendaele M, Joosten H and Davies A. (2011) The enterobacteriaceae and
their significance to the food industry. International Life Sciences Institute (ILS)
Europe Report Series. 52 pp.

Bengis RG, Leighton FA, Fischer JR, Artois M, Morner T and Tate CM. (2004) Therole
of wildlife in emerging and re-emerging zoonoses. Revue Scientifique et
Technique, 23: 497-511.

Bercovier H, Ghittino C and Eldar A. (1997) Immunization with bacterial antigens:
infections with streptococci and related organisms. Developments in Biological
Standardization, 90: 153-160.

Berg G, Eberl L and Hartmann A. (2005) The rhizosphere as a reservoir for opportunistic
human pathogenic bacteria. Environmental Microbiology, 7(1): 1673-1685.

175



References

Bernardet JF, Campbell AC and Buswell JA. (1990) Flexibacter maritimus is the agent
of *black patch necrosis’ in Dover sole in Scotland. Diseases of Aquatic
Organisms, 8: 233-237.

Bertolini JM and Rohovec JS. (1992) Electrophoretic detection of proteases from
different Flavobacterium columnare strains and assessment of their variability.
Diseases of Aquatic Organisms, 12: 121-128.

Bhatty MA, Turner DP and Chamberlain ST. (2000) Mycobacterium marinum hand
infection: case reports and review of literature. British Journal of Plastic Surgery,
53: 161-165.

Bleiker TO, Bourke JE and Burns DA. (1996) Fish tank granulomain a 4-year old boy.
British Journal of Dermatology, 135: 863-864.

Boulanger Y, Lallier R and Cousineau G. (1977) Isolation of enterotoxigenic Aeromonas
from fish. Canadian Journal of Micraobiology, 23: 1161-1164.

Bower SM and McGladdery SE. (2003) Disease interactions between wild and cultured
shellfish. Fisheries and Oceans Canada: A scientific review of the potentia
environmental effects of aquaculture in aquatic ecosystems (volume 2). Canadian
Technical Report of Fisheries and Aquatic Sciences, 2450: viii + 33pp.

Bruhn JB, Dalsgaard |, Nielsen KF, Buchholtz C, Larsen JL and Gram L. (2005)
Quorum sensing signal molecules (acylated homoserine lactones) in Gram-
negative fish pathogenic bacteria. Diseases in Aquatic Organisms, 65: 43-52.

Brun E, Rodgers C, Georgiadis M and Bjarndal T. (2009) Economic impact of disease
and biosecurity measures. Paper presented at International Biosecurity
Conference, Trondheim, Norway, August 17 — 18, 20009.

Bryant TN, Lee JV, West PA and Colwell RR. (1986a) Numerica classification of species
of Vibrio and related genera. Journal of Applied Bacteriology, 61: 437-467.

Bryant TN, Lee JV, West PA and Colwell RR. (1986b) A probability matrix for the
identification of Vibrio and related organisms. Journal of Applied Bacteriology,
61: 469-480.

Buchanan RE and Gibbons NE (eds.). (1974) Bergey’s manual of determinative
bacteriology (8th edn.). The Williams & Wilkins Co., Baltimore, 1268 p.

176



References

Bucke D. (1991) Current approaches to the study of pollution-related diseases of fish.
Bulletin of the European Association of Fish Pathologists, 11: 46-53.

Bucke D. (1997) Facts and myths regarding pollution and fish health. Bulletin of the
European Association of Fish Pathologists, 17: 191-196.

Bucke D, Vethaak AD and Lang T. (1992) Quantitative assessment of
melanomacrophage centres (MMCs) in dab Limanda limanda as indicators of
pollution effects on the non-specific immune system. Marine Progress Series, 91:
193-196.

Bull AT, Goodfellow M and Slater JH. (1993) Biodiversity as a source of innovation in
biotechnology. Annual Review of Microbiology, 46: 219-257.

Buller NB. (2004) Bacteria from Fish and Other Aquatic Animals. A Practical
| dentification Manual. CABI Publishing, UK.

Bullock GL, Conroy DA and Snieszko SF. (1971) Book 2A: Bacteria diseases of fishes.
In: Diseases of fishes (eds. SF Snieszko and HR Axelrod), TFH Publications.
Neptune, NJ. 151 p.

Burton T, Follett J, Short S and Lipson K. (2000) Bacteriology, In: Fish Pathology
Section: Laboratory Manual (ed. TR Meyers). Special Publication No. 12 (2™
edition), Department of Fish and Game, Commercial Fisheries Division, Juneau,
Alaska, 24 pp.

Cabello FC. (2004) Antibiotics and aquaculture in Chile: implications for humans and
animal health. Revista Médica de Chile, 132: 1001-1006.

Campbell AC and Buswell JA. (1983) The intestinal microflora of farmed Dover sole
(Solea solea) at different stages of fish development. Journal of Applied
Bacteriology, 55: 215-223.

Cappuccino JG and Sherman N. (1999) Microbiology: a laboratory manual (5™ edn.).
Benjamin/Cummings Science Publishing, California, USA.

Carnahan AM. (1993) Aeromonas taxonomy: a sea of change. Medical Microbiology
Letters, 2: 206-211.

Carnahan AM and Altwegg M. (1996) Taxonomy. In: The genus Aeromonas (eds. B
Austin, M Altwegg, PJ Gosling and SW Joseph). John Wiley & Sons Ltd.,
Chichester, pp. 1-38.

177



References

Carson CF, Hammer KA and Riley TV. (1995) Broth microdilution method for
determining the susceptibility of Escherichia coli and Saphylococcus aureus to
the essential oil of Melaleuca alternifolia (teatree oil). Microbios, 82: 181-185.

Chabrilléon M, Rico RM, Balebona MC and Morifiigo MA. (2005) Adhesion to sole,
Solea senegalensis Kaup, mucus of microorganisms isolated from farmed fish,
and their interactions with Photobacterium damselae subsp. piscicida. Journal of
Fish Diseases, 28: 229-238.

Chattopadhyay P. (2000) Fish—catching and handling. In: Encyclopedia of Food
Microbiology (ed. RK Robinson), Val. 2, Academic Press, London, 1547 pp.

Chen MF, Henry-Ford D and Groff JM. (1995) Isolation and characterization of
Flexibacter maritimus from marine fishes of California. Journal of Aquatic
Animal Health, 7: 318-326.

Chowdhury MBR. (1993) Research priorities for microbial fish disease and its control in
Bangladesh. Proceedings of the workshop on Research priorities in Bangladesh
for fish health (ed. A Tollervey). Disease prevention and Pathology, May 17,
1993, pp. 8-11.

Chowdhury MBR. (1997) Bacteria involved in fish disease in Bangladesh. Paper
presented at the International Symposium on Diseases in Marine Aquaculture.
Society of Fish Pathology, Hiroshima, Japan, Abstract 111-2: 24 pp.

Chowdhury MBR and Wakabayashi H. (1989) Effects of competitive bacteria on the
survival and infectivity of Flexibacter columnaris. Fish Pathology, 24: 9-15.

Chowdhury MBR, Muniruzzaman M, Zahura UA, Habib KZA and Khatun MD. (2003)
Ulcer Type of Disease in the Fishes of Small-Scale Farmer’s Pond in Bangladesh.
Pakistan Journal of Biological Science, 6(6): 544-550.

Christensen PJ. (1977) The history, biology and taxonomy of the Cytophaga group.
Canadian Journal of Microbiology, 23(12): 1599-1653.

Chung KT and Yu FP. (1990) Survival of Aeromonas hydrophila and Escherichia coli in
aquatic environments. Chinese Journal of Microbiology and Immunology, 23(2):
181-188.

178



References

Collins MD, Wallbanks S, Lane DJ, Shah J, Nietupski R, Smida J, Dorsch M and
Stackebrandt E. (1991) Phylogenetic analysis of the genus Listeria based on
reverse transcriptase sequencing of 16S rRNA. International Journal of
Systematic Bacteriology, 41: 240-246.

Colwel RR. (1962) The bacterial flora of Puget Sound fish. Journal of Applied
Bacteriology, 25: 147-158.

Colwell RR. (1996) Global climate and infectious disease: the cholera paradigm.
Science, 20: 2025-2031.

Colwell RR, MacDonell MR and De Ley J. (1986) Proposa to recognize the family
Aeromonadaceae fam. nov. International Journal of Systematic Bacteriology, 36:
473-477.

Costa HH and Wijeyaratne MJS. (1989) Epidemiology of the epizootic ulcerative
syndrome occurring for the first time among fish in Sri Lanka. Journal of Applied
Ichthyology, 1: 48-52.

Coutinho TA and Venter SN. (2009) Pantoea ananatis. an unconventional plant
pathogen. Molecular Plant Pathology, 10: 325-335.

Cowan ST and Steel KJ. (1970) Manual for the Identification of Medical Bacteria.
Cambridge University Press, Cambridge.

Curtis LT. (2008) Prevention of hospital-acquired infections. review of non-
pharmacological interventions. Journal of Hospital Infection, 69: 204-219.

Cutler SJ, Fooks AR and van der Poel WH. (2010) Public health threat of new,
reemerging, and neglected zoonoses in the industriaized world. Emerging
Infectious Dieseases, 16: 1-7.

Daha SP, Shrestha MK, Pradhan SK and Jha DK. (2008) Occurrences of epizootic
ulcerative syndrome in pond fish of Kapilvastu district of Nepal. In: Diseases in
Asian Aquaculture VI (eds. MG Bondad-Reantaso, CV Mohan, M Crumlish and
RP Subasinghe). Fish Heath Section, Asian Fisheries Society, Manila,
Philippines. pp. 169-178.

179



References

Darie H, Leguyadec T and Touze JE. (1993) Epidemiologic and clinical aspects of
Buruli ulcer in Cote-Divoire — about 124 recent cases. Bulletin de la Societe de
Pathologie Exotique, 86: 272-276.

Darwish AM and Ismaiel AA. (2005) Genetic diversity of Flavobacterium columnare
examined by restriction fragment length polymorphism and sequencing of the
16S ribosomal RNA gene and the 16S-23S rDNA spacer. Molecular and Cellular
Probes, 19: 267-274.

Darwish AM, Ismaiel AA, Newton JCE and Tang J. (2004) Identification of
Flavobacterium columnare by a species-specific polymerase chain reaction and
renaming of ATCC 43622 strain to Flavobacterium johnsoniae. Molecular and
Celular Probes, 8: 421-427.

De Baere T, Verhedst R, Labit C, Verschraegen G, Wauters G, Claeys G and
Vaneechoutte M. (2004) Bacteremic infection with Pantoea ananatis. Journal of
Clinical Microbiology, 42(9): 4393- 4395.

De Vos P, Ludwig W, Schleifer KH and Whitman WB. (2009) Family 1V.
“Paenibacillaceae”. Bergey’s Manual of Systematic Bacteriology, Vol. 3 (eds. P
De Vos, GM Garrity, D Jones, NR Krieg, W Ludwig, FA Rainey, KH Schleifer
and WB Whitman). New Y ork, Springer. 3: 2609.

Decostere A, Haesebrouck F, Devriese L and Ducatelle R. (1996) Identification and
pathogenic significance of Shewanella sp. from pond fish. Viaams
Diergeneeskundig Tijdschrift, 65: 82—85.

Del Cerro Al, Marquez | and Guijarro JA. (2002) Simultaneous detection of Aeromonas
salmonicida, Flavobacterium psychrophilum and Yersinia ruckeri, three major
fish pathogens, by multiplex PCR. Applied and Environmental Microbiology, 68:
5177-5180.

Deshmukh AM. (1997) Hand Book of Media, Stains and Reagents in Microbiology (1%
edn.). PAMA Publication, Maharashtra, India, 297 pp.

Dethlefsen V and Watermann B. (1980) Epidermal papilloma of North Sea dab, Limanda
limanda: histology, epidemiology and relation to dumping from TiO 2 industry.
|CES Special Meeting on Diseases of Commercially Important Marine Fish and
Shellfish, 8: 1-30.

180



References

Dethlefsen V, Lang T and Koves P. (2000) Regiona patterns in prevalence of principal
external diseases of dab Limanda limanda in the North Sea and adjacent areas
1992-1997. Diseases of Aquatic Organisms, 42: 119-132.

Dethlefsen V, Watermann B and Hoppenheit M. (1987) Diseases of North Sea dab
(Limanda limanda L.) in relation to biological and chemica parameters. Archive
fur Fishereiwissenschaft, 37: 101-237.

Dezid E, Paguette G, Villemur R, Lepine F and Bisaillon J. (1996) Biosurfactant
production by a soil Pseudomonas strain growing on polycyclic aromatic
hydrocarbons. Applied and Environmental Microbiology, 62: 1908-1912.

DFID (Department for International Development). (1998) A report of the second
mission to investigate epizootic ulcerative syndrome (EUS) in Pakistan, UK.

Diler O and Diler A. (1998) Quantitative and qualitative changes of the gastrointestinal
microflora of pike-perch (Stizostedion lucioperca L, 1758) in Egirdir Lake.
Turkish Journal of Veterinary and Animal Sciences, 22: 325-328.

Diler O, Altun S, Calikusu F and Diler A. (2000) A study on qualitative and quantitative
bacterial flora of the rainbow trout (Oncorhynchus mykiss) living in different fish
farms. Turkish Journal of Veterinary and Animal Sciences, 24 251-259.

DoF (Department of Fisheries). (2002) Fish fortnight compendium. 10-24 August 2002,
Department of Fisheries, Matsha Bhaban, Dhaka. pp. 44-45.

DoF (Department of Fisheries). (2013) National fish week. 02-08 July 2013, Department
of Fisheries, Matsha Bhaban, Dhaka. 124 pp.

Dopazo CP, Lemos ML, Lodeiros C, Bolinches J, Barja JL and Toranzo AE. (1988)
Inhibitory activity of antibiotic-producing marine bacteria against fish pathogens.
Journal of Applied Bacteriology, 65: 97-101.

DykstraMJ, Noga EJ, Levine JF, Moye DW and Hawkins JH. (1986) Characterization of
the Aphanomyces species involved with ulcerative mycosis (UM) in menhaden.
Mycologia, 78: 664-672.

Edwards P and Demaine H. (1997) Rura aquaculture: overview and framework for
country reviews. RAP Publication 1997/36. Bangkok, Thailand. 61 pp.

Edwards S and Seddon B. (2001) Mode of antagonism of Brevibacillus brevis against
Botrytis cinerea in vitro. Journal of Applied Microbiology, 91: 652-659.

181



References

EFSA Panel on Anima Health and Welfare. (2011) Scientific opinion on epizootic
ulcerative syndrome. EFSA Journal, 9: 2387.

Egusa S and Masuda N. (1971) A new fungal disease of Plecoglossus altivelis. Fish
Pathology, 6: 41-46.

Ekman E, Akerman G, Balk L and Norrgren L. (2004) Impact of PCB on resistance to
Flavobacterium psychrophilum after experimental infection of rainbow trout
Oncorhynchus mykiss eggs by nanoinjection. Diseases of Aquatic Organisms, 60:
31-39.

El-Shafal SA, Gijzen HJ, Nasr FA and El-Gohary FA. (2004) Microbial quality of tilapia
reared in fecal-contaminated ponds. Environmental Research, 95(2): 231-238.

Eurell TE, Lewis DH and Grumbles LC. (1978) Comparison of selected diagnostic tests
for detection of motile Aeromonas septicaemia in fish. American Journal of
Veterinary Research, 39: 1384-1386.

Evelyn TPT and McDermott LA. (1961) Bacteriologica studies of freshwater fish. I.
Isolation of aerobic bacteria from severa species of Ontario fish. Canadian
Journal of Microbiology, 7(3): 375-382.

FAO (Food and Agriculture Organization). (1986) Report of the expert consultation on
fish diseases in the Asia-Pacific region. Food and Agriculture Organisation,
Bangkok, Thailand.

FAO (Food and Agriculture Organization). (1995) Review of state of the world fishery
resources. Aquaculture. Inland water resources and Aquaculture Service, Fish
Division, Fisheries Department, FAO circular No. 886, 131 p.

FAO (Food and Agriculture Organization). (2009) Report of the international emergency
disease investigation task force on a serious finfish disease in Southern Africa
Food and Agriculture Organization of the United Nations, Rome.

FAO (Food and Agriculture Organization). (2011) National Aquaculture of Bangladesh.
Department of Fisheries and Aquaculture, FAO, Rome, Italy.

FAO (Food and Agriculture Organization). (2014) World Review of Fisheries and
Aquaculture. In: The State of World Fisheries and Aquaculture Opportunities and
Challenges. Rome. 223 pp.

182



References

Faruk MAR, Alam MJ, Sarker MMR and Kabir MB. (2004) Status of Fish disease and
health management practices in rural freshwater aquaculture of Bangladesh.
Pakistan Journal of Biological Science, 7(12): 2092-2098.

Faruk MAR, Mony SFA and Hasan MM. (2012) Status of biosecurity and health
management in fish hatcheries. International Research Journal of Applied Life
Sciences, 5(1): 15-26.

Feng Y, Shen D and Song W. (2006) Rice endophyte Pantoea agglomerans Y S19
promotes host plant growth and affects allocation of host photosynthesis. Journal
of Applied Microbiology, 100: 938-945.

Ferguson HW, Turnbull JF, Shinn A, Thompson K, Dung TT and Crumlish M. (2001)
Bacillary necrosis in farmed Pangasius hypophthalmus (Sauvage) from the
Mekong Delta, Vietnam. Journal of Fish Diseases, 24: 509-513.

Fellheem AJ, Playfoot KJ, Skjermo J and Vadstein O. (2007) Vibrionaceae dominates
the microflora antagonistic towards Listonella anguillarum in the intestine of
cultured Atlantic cod (Gadus morhua L.) larvae. Aquaculture, 269: 98-106.

Frimmersdorf E, Horatzek S, Pelnikevich A, Wiehlmann L and Schomburg D. (2010)
How Pseudomonas aeruginosa adapts to various environments:. a metabolomic
approach. Environmental Microbiology, 12: 1734-1747.

Fryer JL, Rohovec JS, Tebbit GL, McMichael JL and Pilcher HS. (1976) V accination for
control of infectious diseases in Pacific salmon. Fish Pathology, 10: 155-164.

Garcia LS. (editor in Chief of second edition update 2007) Clinical Microbiology
Procedures Handbook (HD Isenberg, editor in Chief of original and second
edition). ASM Press, Washington, DC.

Georgiades K and Raoult D. (2010) Defining pathogenic bacteria speciesin the genomic
era. Frontiersin Microbiology, Vol. 1, Article 151, pp. 1-13.

Gerwick L, Corley-Smith G and Bayne CJ. (2007) Gene transcript changes in individual
rainbow trout livers following an inflammatory stimulus. Fish Shellfish
Immunology, 22: 157-171.

Goldburg RJ, Matthew SE and Rosamond LN. (2001) Marine Aquaculture in the United
States: Environmental Impacts and Policy Options. Report prepared for the Pew
Oceans Commission. Arlington, Virginia.

183



References

Gonzalez CJ, Santos JA, Garcia-Lopez ML and Otero A. (2000) Psychrobacters and
related bacteriain freshwater fish. Journal of Food Protection, 63(3): 315-321.

Gonzdez CJ, Santos JA, GarciaLopez ML, Gonzalez N, and Otero A. (2001)
Mesophilic aeromonads in wild and aquacultured freshwater fish. Journal of
Food Protection, 64: 687-691.

Gonzdlez SF, Krug MJ, Nielsen ME, Santos Y and Call DR. (2004) Simultaneous
detection of marine fish pathogens by using multiplex PCR and a DNA
microarray. Journal of Clinical Microbiology, 42: 1414-1419.

Goodfellow M and O’Donnell AG (eds.). (1993) Roots of bacterial systematics, In:
Handbook of new bacterial systematic. Academic Press, London. pp. 3-54.

Gosdling PJ. (1996) Pathogenic mechanisms. In: The genus Aeromonas (eds. B Austin, M
Altwegg, PJ Gosling and SW Joseph). John Wiley & Sons Ltd. Chichester, pp.
245-265.

Grawinski E and Antychowicz J. (2001) The pathogenicity of Serratia plymuthica for
salmonid fish. Medycyna Weterynaryjna, 57: 187-1809.

Greub G and Raoult D. (2004) Microorganisms resistant to free-living amoebae. Clinical
Microbiology Reviews, 17: 413-433.

Grimes DJ, Jacobs D, Swartz DG, Brayton PR and Colwell RR. (1993) Numerical
taxonomy of Gram negative, oxidase-positive rods from carcharhinid sharks.
International Journal of Systematic Bacteriology, 43: 88-98.

Grimont F and Grimont PAD. (2005) Genus XXXIV. Serratia Bizio 1823, 288"". In:
Bergey’s Manual of Systematic Bacteriology (eds. DJ Brenner, NR Krieg and JT
Staley), 2nd edn, Vol. 2 The Proteobacteria, Part B The Gammaproteobacteria,
New Y ork, Springer, pp. 799-811.

Groberg WJ, McCoy RH, Pilcher KS and Fryer JL. (1978) Relation of water temperature
to infections of coho salmon (Oncorhynchus kisutch), chinook salmon
(O. tshawytscha), and steelhead trout (Salmo gairdneri) with Aeromonas
salmonicida and A. hydrophila. Journal of the Fisheries Research Board of
Canada, 35: 1-7.

184



References

Guarda R, Gubelin W, Gagjardo J, Rohmann | and Vaenzuela MT. (1992) Cutaneous
infection by Mycobacterium marinum — case report. Revista Médica de Chile,
120: 1027-1032.

Guss AM, Roeselers G, Newton IL, Young CR, Klepac-Cerg V, Lory S and Cavanaugh
CM. (2011) Phylogenetic and metabolic diversity of bacteria associated with
cystic fibrosis. The ISVIE Journal: Multidisciplinary Journal of Microbial
Ecology, 5: 20-29.

Hadad D, Geresh S and Sivan A. (2005) Biodegradation of polyethylene by the
thermophilic  bacterium Brevibacillus borstelensis. Journal of Applied
Micraobiology, 98: 1093-1100.

Haines AK. (1983) Fish fauna and ecology. In: The Purari-tropical environment of a high
rainfall river basin (ed. T Petr). Dr W Junk Publishers, The Hague, pp. 367-384.

Haley R, Davis SP and Hyde JM. (1967) Environmental stress and Aeromonas
liquefaciens in American and thread fin shad mortalities. Progressive Fish
Culturist, 29: 193.

Hanjavanit C, Suda H and Hatai K. (1997) Mycotic granulomatosis found in two species
of ornamental fishes imported from Singapore. Mycoscience, 38: 433-436.

Hansen GH and Olafsen JA. (1989) Bacterial colonization of cod (Gadus morhua L.) and
halibut (Hippoglossus hippoglossus) eggs in marine aquaculture. Applied and
Environmental Microbiology, 55: 1435-1446.

Hansen GH and Olafsen JA. (1999) Bacterial interactions in early life stages of marine
cold water fish. Microbial Ecology, 38: 1-26.

Hansen GH, Raa J and Olafsen JA. (1990) Isolation of Enterobacter agglomerans from
dolphin fish, Coryphaena hippurus L. Journal of Fish Diseases, 13: 93-96.

Hansen GH, Strom E and Olafsen JA. (1992) Effect of different holding regimens on the
intestinal microflora of herring (Clupea harengus) larvae. Applied and
Environmental Microbiology, 58: 461-470.

Hanson LA and Grizzle JM. (1985) Nitrite-induced predisposition of channel catfish to
bacterial diseases. Progressive Fish Culturist, 47: 98-101.

185



References

Hargis WJ Jr. (1985) Quantitative effects of marine diseases on fish and shellfish
populations. Transactions of the North American Wildlife and Natural Resources
Conference, 50: 608-640.

Harley-Prescott (2002) Laboratory Exercises in Microbiology (5" edn.). The McGraw-
Hill Companies.

Harvell CD, Kim K, Burkholder JM, Colwell RR and Epstein PR. (1999) Emerging
marine diseases-climate links and anthropogenic factors. Science, 285(5433):
1505-1510.

Hastings T, Olivier G, Cusack R, Bricknell I, Nylund A, Binde M, Munro P and Allan C.
(1999) Infectious salmon anaemia. Bulletin of the European Association of Fish
Pathologists, 19: 286-288.

Haygood MG, Distel DL and Herring PJ. (1992) Polymerase chain-reaction and 16S-
ribosomal-RNA gene sequences from the luminous bacterial symbionts of 2
deep-sea anglerfishes. Journal of the Marine Biological Association of the United
Kingdom, 72: 149-159.

Haygood MG. (1993) Light organ symbioses in fishes. Critical Reviews in Microbiology,
19: 191-216.

Hayman J. (1991) Postulated epidemiology of Mycobacterium ulcerans infection.
International Journal of Epidemiology, 20: 1093-1098.

Hazen TC, Fliermans CB, Hirsch RP and Esch GH. (1978) Prevalence and distribution
of Aeromonas hydrophila in the United States. Applied and Environmental
Microbiology, 36: 731-738.

Herwig N. (1979) Handbook of Drugs and Chemicals Used in the Treatment of Fish
Diseases: A Manua of Fish Pharmacology and Materia Medica. Spring field,
[llinois, Charles C. Thomas.

Hettiarachchi DC and Cheong CH. (1994) Some characteristics of Aeromonas
hydrophila and Vibrio species isolated from bacterial disease outbreaks in
ornamental fish culture in Sri Lanka. Journal of the National Science Council of
Si Lanka, 22: 261-269.

Heuschmann-Brunner G. (1965) Ein Beitrag zur Erregerfrage der Infektiosen
Bauchwassersucht des Karpfens. Allgemeine Fischerel Zeitung, 90: 41-49.

186



References

Heuschmann-Brunner G. (1978) Aeromonads of the ‘hydrophila-punctata group’ in
freshwater fishes. Archiv fir Hydrobiologie, 83: 99-125.

Hickman-Brenner FW, MacDonald KL, Steigerwat AG, Fanning GR, Brenner DJ and
Farmer JJ 111. (1987) Aeromonas veronii, a new ornithine decarboxylase-positive
species that may cause diarrhea. Journal of Clinical Microbiology, 25: 900-906.

Hiney MP and Smith PR. (1998) Validation of polymerase chain reaction-based
techniques for proxy detection of bacterial fish pathogens. Framework, problems
and possible solutions for environmental applications. Aquaculture, 162: 41-68.

Holben WE, Williams P, Saarinen M, Sarkilahti LK and Apgaahti JHA. (2002)
Phylogenetic analysis of intestinal microflora indicates a novel Mycoplasma
phylotype in farmed and wild salmon. Microbial Ecology, 44: 175-185.

Holmes P, Niccolls LM and Sartory DP. (1996) The ecology of mesophilic Aeromonas
in the aguatic environment. In: The Genus Aeromonas (eds. B Austin, M
Altwegg, PJ Gosling and S Joseph). Wiley, New Y ork. pp. 127-150.

Hordey RW. (1973) The bacterial flora of the Atlantic salmon (Salmo salar L.) in
relation to its environment. Journal of Applied Bacteriology, 36(3): 377-386.

Hossain MK, Islam KT, Hossain MD and Rahman MH. (2011) Environmental impact
assessment of fish diseases on fish production. Journal of Science foundation. 9
(1&2): 125-131.

Hossain MS and Paul SK. (1993) Study of fish disease into the flood plains. In: Research
progress report (June-September 1993). Fisheries Research Institute, Third
Fisheries project, Santahar, Bogra, October 1993. pp. 46-52.

Huber T, Faulkner G and Hugenholtz P. (2004) Bellerophon: a program to detect
chimeric sequences in multiple sequence aignments. Bioinformatics, 20(14):
2317-2319. doi:10.1093/bioinformatics/bth226. PM1D:15073015.

Huizinga HW, Esch GW and Hazen TC. (1979) Histopathology of red-sore disease
(Aeromonas hydrophila) in naturally and experimentally infected largemouth
bass Micropterus salmoides (Lacépede). Journal of Fish Diseases, 2: 263-277.

Huys G, Kampfer P, Albert MJ, Kihn I, Denys R and Swings J. (2002) Aeromonas
hydrophila subsp. dhakensis subsp. nov., isolated from children with diarrhoeain
Bangladesh, and extended description of Aeromonas hydrophila subsp.
hydrophila (Chester 1901) Stanier 1943 (Approved Lists 1980). International
Journal of Systematic and Evolutionary Microbiology, 52: 705-712.

187



References

Huys G, Kémpfer P, Altwegg M, Kersters I, Lamb A, Coopman R, Lthy-Hottenstein J,
Vancanneyt M, Janssen P and Kersters K. (1997) Aeromonas popoffii sp. nov., a
mesophilic bacterium isolated from drinking water production plants and
reservoirs. International Journal of Systematic Bacteriology, 47: 1165-1171.

Igpal MM, Tagima K and Ezura Y. (1998) Phenotypic identification of motile
Aeromonas isolated from fishes with epizootic ulcerative syndrome in Southeast
Asian countries. Bulletin of the Faculty of Fisheries Hokkaido University, 49(3):
131-141.

Inglis V, Roberts RJ and Bromage NR (eds.). (1993) Bacterial Diseases of Fish. Halsted
Press, New York, NY.

Irianto A and Austin B. (2002) Probiotics in aguaculture. Journal of Fish Diseases, 25:
633-642.

Irianto A and Austin B. (2003) Use of dead probiotic cells to control furunculosis in
rainbow trout, Oncorhynchus mykiss (Walbaum). Journal of Fish Diseases, 26:
59-62.

Irianto A, Robertson PAW and Austin B. (2003) Oral administration of formalin-
inactivated cells of Aeromonas hydrophila A3-51 controls infection by atypical
Aeromonas salmonicida in gold fish, Carassius auratus (L.). Journal of Fish
Diseases, 26: 117-120.

Isenberg HD. (2007) Interpretation and Rapid Identification of Bacterial Growth on
Primary Culture Media. In: Clinical Microbiology Procedures Handbook.
American Society for Microbiology, Vol. 1 & 2: 3.3.2.1-3.3.2.13.

Ishiguro EE and Trust TJ. (1981) Differentiating characteristics of virulent and
attenuated strains of Aeromonas salmonicida. Developments in Biological
Sandardization, 49: 163-168.

Isam MN. (2002) Extension methodologies for agquatic animal health management in
rural pond culture — lessons from Bangladesh. In: Primary Aquatic Animal
Health Care in Rural, Small-scale, Aquaculture Development (eds. JR Arthur,
MJ Phillips, RP Subasinghe, MB Reantaso and IH MacRae), FAO Fisheries
Technical Paper No. 406, 287-296 pp.

Isonhood JH and Drake M. (2002) Aeromonas species in foods. Journal of Food
Protection, 65: 575-582.

188



References

Ito I, Osawa M, Arita M, Hashimoto T, Ishida T, Hongo T and Fujii H. (1999) Vibrio
wvulnificus infection: clinica and bacteriological analysis of four cases.
Kansenshogaku Zasshi, 73: 149-155.

Jackson RW, Johnson LJ, Clarke SR and Arnold DL. (2011) Bacteria pathogen
evolution: Breaking news. Trendsin Genetics, 27: 32-40.

Jacquez GM, Ziskowski J and Rolfe FJ. (1994) Criteria for the evaluation of aternative
environmental monitoring variables: Theory and an application using winter
flounder (Pleuronectes americanus) and Dover sole (Microstomus pacificus).
Environmental Monitoring and Assessment, 30: 275-290.

Janda JM. (1991) Recent advances in the study of the taxonomy, pathogenicity, and
infectious syndromes associated with the genus Aeromonas. Clinical
Microbiology Reviews, 4(4): 397-410.

Janda JM and Abbott SL. (1996) Human pathogens. In: The genus Aeromonas (eds. B
Austin, M Altwegg, PJ Gosling and SW Joseph). John Wiley & Sons Ltd.
Chichester, pp. 151-173.

Janda JM and Abbott SL. (1998) Evolving concepts regarding the genus Aeromonas: an
expanding panorama of species, disease presentations, and unanswered questions.
Clinical Infectious Diseases, 27: 332-344.

Janda JM and Abbott SL. (2002) Bacterial identification for publication: when is enough
enough? Journal of Clinical Microbiology, 40: 1887-1891.

Janda JM and Abbott SL. (2010) The Genus Aeromonas. Taxonomy, Pathogenicity, and
Infection. Clinical Microbiology Reviews, 23(1): 35-73.

Janda JM and Duffey PS. (1988) Mesophilic aeromonads in human disease: current
taxonomy, laboratory identification, and infectious disease spectrum. Reviews in
Infectious Diseases, 10: 980-987.

Janda JM, Reitano M and Bottow EJ. (1984) Biotyping of Aeromonas isolates as a
correlates to delineating a species-associated disease spectrum. Journal of
Clinical Microbiology, 19: 44-47.

Janeway CA and Medzhitov R. (2002) Innate immune recognition. Annual Review of
Immunology, 20: 197-216.

189



References

Jernigan JA and Farr BM. (2000) Incubation period and sources of exposure for
cutaneous Mycobacterium marinum infection: case report and review of the
literature. Clinical Infectious Diseases, 31: 439-443.

Jiao XD, Zhang M, Hu YH and Sun L. (2009) Construction and evaluation of DNA
vaccines encoding Edwardsiella tarda antigens. Vaccine, 27: 5195-5202.

Joseph SW. (1996) Aeromonas gastrointestinal disease: a case study in causation? In:
The Genus Aeromonas (eds. B Austin, M Altwegg, PJ Gosling and S Joseph).
Wiley, New York. pp. 311-335.

Joseph SW, Dally OP, Hunt WS, Seidler RJ, Allen DA and Colwell RR. (1979)
Aeromonas primary wound infection of a diver in polluted waters. Journal of
Clinical Microbiology, 10(1): 46-49.

Jothy AA. (1981) Preliminary report on the outbreak of wabak kudison freshwater fish in
paddy growing areas in Peninsular Malaysia. Report to the Ministry of
Agriculture, Malaysia. 17 pp.

Kam KM, Leung TH, Ho YY, Ho NK and Saw TA. (1995) Outbreak of Vibrio cholerae
01 in Hong Kong related to contaminated fish tank water. Public Health, 109:
389-395.

Kame Y, Sakata T and Kakimoto D. (1985) Microflora in the alimentary tract of the
Tilapia: characteristics and distribution of anaerobic bacteria. Journal of General
and Applied Microbiology, 31: 115-124.

Kamilya D and Baruah A. (2014) Epizootic ulcerative syndrome (EUS) in fish: history
and current status of understanding. Reviews in Fish Biology and Fisheries, 24:
369-380. doi: 10.1007/s11160-013-9335-5

Kaper JB, Lockman H, Colwell RR and Joseph SW. (1981) Aeromanas hydrophila:
ecology and toxigenicity of isolates from an estuary. Journal of Applied
Bacteriology, 50(2): 359-377.

Kato G, Kondo H, Aoki T and Hirono I. (2010) BCG vaccine confers adaptive immunity
against Mycobacterium sp. infection in fish. Developmental and Comparative
Immunology, 34: 133-140.

Kern W, Vanek E and Jungbluth H. (1989) Fish breeder granuloma: infection caused by
Mycobacterium marinum and other atypica mycobacteriain the human. Analysis of
8 cases and review of the literature (in German). Medizinische Klinik, 84: 578-583.

190



References

Ketola HG. (1983) Requirement for dietary lysine and arginine by fry of rainbow trout.
Journal of Animal Science, 56: 101-107.

Khan NH, Ishii Y, Kimata-Kino N, Esaki H, Nishino T, Nishimura M and Kogure K.
(2007) Isolation of Pseudomonas aeruginosa from open ocean and comparison
with freshwater, clinical, and animal isolates. Microbial Ecology, 53: 173-186.

Khan RA. (1987) Crude oil and parasites of fish. Parasitology Today, 3: 99-100.

Khoi LND, Wijngaard J and Lutz C. (2008) Farming system practices of seafood
production in Vietnam: the case study of Pangasius small-scale farming in the
Mekong River Delta, ASEAN business case studies, No. 27, Centre for
International Management and Development Antwerp, University of Antwerp,
Belgium.

Kim DH and Austin B. (2006) Innate immune responses in rainbow trout (Oncorhynchus
mykiss, Walbaum) induced by probiotics. Fish & Shellfish Immunology, 21: 513-524.

Kim DH, Brunt JW and Austin B. (2007) Microbial diversity of intestinal contents and
mucus in rainbow trout (Oncorhynchus mykiss). Journal of Applied
Microbiology, 102(6): 1654-1664.

Kirk RS and Lewis JW. (1993) An evaluation of pollutant induced changes in the gills or
rainbow trout using scanning electron microscopy. Environmental Technology,
14: 577-585.

Kirov SM, Barnett TC, Pepe CM, Strom MS and Albert MJ. (2000) Investigation of the
role of type IV Aeromonas pilus (Tap) in the pathogenesis of Aeromonas
gastrointestinal infection. Infection and Immunity, 68: 4040-4048.

Kirov SM, Hudson JA, Hayward LJ and Mott SJ. (1994) Distribution of Aeromonas
hydrophila hybridization groups and the virulence properties in Australasian
clinical and environmental strains. Lettersin Applied Microbiology, 18: 71-73.

Klesius PH and Shoemaker CA. (2003) The disease continuum model: Bi-directional
response between stress and infection linked by neuroimmune change. In:
Biosecurity in Aquaculture Production Systems:. Exclusion of Pathogens and
Other Undesirables (eds. CS Lee and PJ O-Bryen), World Aquaculture Society,
Baton Rouge, LA, USA. pp. 13-14.

191



References

Klesius PH, Shoemaker CA and Evans JJ. (2000) Vaccination. A heath management
practice for preventing diseases in tilapia and other cultured fish. 5™ | nternational
Symposium on Tilapia Aquaculture in the 21st Century, Brazl. 2: 558-564.

Klevens RM, Edwards JR, Richards CL Jr, Horan TC, Gaynes RP, Pollock DA and
Cardo DM. (2007) Estimating health care-associated infections and deaths in US
hospitals, 2002. Public Health Reports, 122: 160-166.

Krieg NR and Holt JG (ed.). (1984) Bergey’s Manual of Systematic Bacteriology, vol. 1.
Williams & Wilkins, Baltimore, Md.

Krovacek K, Faris A and Mansson I. (1991) Growth of and toxin production by
Aeromonas hydrophila and Aeromonas sobria at low temperatures. International
Journal of Food Microbiology, 13(2): 165-175.

Krovacek K, Pasquale V, Baoda SB, Soprano V, Conte M and Dumontet S. (1994)
Comparison of putative virulence factors in Aeromonas hydrophila strains
isolated from the marine environment and human diarrhoeal cases in southern
Italy. Applied and Environmental Microbiology, 60: 1379-1382.

Kuhn I, Albert MJ, Ansaruzzaman M, Bhuiyan NA, Alabi SA, Idam MS, Neogi PKB, Huys
G, Janssen P, Kergters K and Mollby R. (1997) Characterization of Aeromonas spp.
isolated from humans with diarrheg, from healthy controls, and from surface water in
Bangladesh. Journal of Clinical Microbiology, 35(2): 369-373.

Kuijper EJ, Steigerwalt AG, Schoenmakers BSCIM, Peeters M, Zanen HC and Brenner
DJ. (1989) Phenotypic characterization and DNA relatedness in human fecal
isolates of Aeromanas spp. Journal of Clinical Microbiology, 27: 132-138.

Kumar D. (1992) Fish culture in undrainable ponds-a manual for extension. FAO
Fisheries Technical Paper No. 325, 239 pp.

Kurobe T, Yasuike M, Kimura T, Hirono | and Aoki T. (2005) Expression profiling of
immune-related genes from Japanese flounder Paralichthys olivaceus kidney
cells using cDNA microarrays. Developmental and Comparative Immunology,
29: 515-523.

LaFrentz BR, LaPatra SE, Call DR and Cain KD. (2008) Isolation of rifampicin resistant
Flavobacterium psychrophilum strains and their potential as live attenuated
vaccine candidates. Vaccine, 26: 5582-55809.

192



References

Lalitha MK. (2004) Manua on Antimicrobial Susceptibility Testing (under the auspices
of Indian Association of Medical Microbiologists). Christian Medical College,
Vellore, Tamil Nadu. 47 pp.

Lalloo R, Moonsamy G, Ramchuran S, Gorgens J and Gardiner N. (2010) Competitive
exclusion as a mode of action of a novel Bacillus cereus aquaculture biological
agent. Lettersin Applied Microbiology, 50: 563-570.

Lambert RJIW and Pearson J. (2000) Susceptibility testing: accurate and reproducible
minimum inhibitory concentration (MIC) and non-inhibitory concentration (NIC)
values. Journal of Applied Microbiology, 88: 784-790.

Landsberg JH. (1995) Tropica reef-fish disease outbreaks and mass mortalities in
Florida, USA: what is the role of dietary biologica toxins? Disease of Aquatic
Organisms, 22: 83-100.

Lane DJ. (1991) 16S23S rRNA sequencing. In: Nucleic Acid Techniques in
Bacterial Systematics (eds. E Stackebrandt and M Goodfellow). John Wiley &
Sons, Chichester, England. pp. 115-165.

Lane DJ, Pace B, Olsen GJ, Stahl DA, Sogin ML and Pace NR. (1985) Rapid
determination of 16S ribosomal RNA sequences for phylogenetic analysis.
Proceedings of the National Academy of Sciences of the United Sates of America
(Washington, DC), 82: 6955-6959.

Larsen JL and Jensen NJ. (1977) An Aeromonas species implicated in ulcer-disease of
the cod (Gadus morhua). Nordisk Veterinaermedicin, 29: 199-211.

Larsen JL and Willeberg P. (1984) The impact of intestinal and estuarial factors on the
density of environmental bacteria (Vibrionaceae) and faecal coliforms in coastal
waters. Zentralblatt fir Bakteriologie, Parasitenkunde, I nfektionskrankheiten und
Hygiene. Erste Abteilung Originale. Reithe B: Hygiene, Betriebshygiene,
préaventive Medizin, 179: 308-323.

Lee MS and Kim YJ. (2007) Signaling pathways downstream of pattern-recognition
receptors and their cross talk. Annual Review of Biochemistry, 76: 447-480.

LeeSand Lee Y. (1995) Identification of intestinal microflora in rainbow trout. Journal
of Microbiology, 33: 273-277.

193



References

Lehane L and Rawlin GT. (2000) Topicaly acquired bacterial zoonoses from fish: a
review. Medical Journal of Australia, 173: 256-259.

Leong Jo-Ann. (1993) Molecular and biotechnological approaches to fish vaccines.
Current Opinions in Biotechnology, 4: 286-293.

Lian CX. (1990) Peoples Republic of Chinareport. In: Regional research programme on
relationships between epizootic ulcerative syndrome in fish and the environment
(eds. MJ Phillips and HG Keddie). A Report on the second technical workshop,
Network of Aquaculture Centresin Asia-Pacific, Bangkok.

Lilley JH, Phillips MJ and Tonguthai K. (1992) A review of epizootic ulcerative
syndrome (EUS) in Asia. Aquatic Animal Health Research Institute and Network
of Aquaculture Centresin Asia-Pacific, Bangkok.

Lindh E, Kjaeldgaard P, Frederiksen W and Ursing J. (1991) Phenotypical properties of
Enterobacter agglomerans (Pantoea agglomerans) from human, animal and plant
sources. Acta Pathologica, Microbiologica, et Immunologica Scandinavica, 99:
347-352.

Lipp EK and Rose JB. (1997) The role of seafood in food borne diseases in the United
States of America. Scientific and Technical Review of the Office International des
Epizooties, 16: 620-640.

Lipton AP, Rgan AN and Selvin J. (1998) Methods for the rapid diagnosis and control
of bacterial diseases in shellfishes and finfishes. Proceedings of the First
National Seminar on Marine Biotechnology, pp. 141-148.

Liston J. (1957) The occurrence and distribution of bacterial types on flatfish. Journal of
General Microbiology, 16: 205-216.

Livermore DM. (2002) Multiple mechanisms of antimicrobia resistance in
Pseudomonas aeruginosa: Our worst nightmare? Clinical Infectious Diseases,
34: 634-640.

Llobrera AT and Gacutan RQ. (1987). Aeromanas hydrophila associated with ulcerative
disease epizootic in Laguna de Bay, Philippines. Aquaculture, 67: 273-278.

Lowry T and Smith SA. (2007) Aquatic zoonoses associated with food, bait, ornamental,
and tropical fish. Veterinary Medicine Today: Zoonosis Update JAVMA, 231(6):
876-880.

194



References

Lynch P, Pittet D, Borg MA and Mehtar S. (2007) Infection control in countries with
limited resources. Journal of Hospital Infection, 65(S2): 148-150.

MacAlister Elliott and Partners, Ltd. (1999) Forward Study of Community Aquaculture:
Summary Report. Prepared for European Commission Fisheries Directorate
Genera. Note: Species mix varies widely between EU countries. Employment
estimates are for full-time-employment in production.

MacDonald NL, Stark JR and Austin B. (1986) Bacterial microflora in the gastro-
intestinal tract of Dover sole (Solea solea L.), with emphasis on the possible role
of bacteriain the nutrition of the host. FEMS Microbiology Letters, 35: 107-111.

MacFaddin JF. (1980) Biochemical Tests for Identification of Medical Bacteria.
Williams & Wilkins, Baltimore, Maryland.

Mahoney JB, Midlige FH and Deuel DG. (1973) A fin rot disease of marine and
euryhaline fishes in the New Y ork Bight. Transactions of the American Fisheries
Society, 102: 597-605.

Maeed K, Egan A and MacRae TC. (1989) Enterotoxigenic aeromonads on retail lamb
meat and offal. Journal of Applied Bacteriology, 67: 165-170.

Martinez-Murcia AJ, Benlloch S and Collins MD. (1992) Phylogenetic interrel ationships
of members of the genera Aeromonas and Plesiomonas as determined by 16S
ribosomal DNA sequencing: lack of congruence with results of DNA-DNA
hybridizations. International Journal of Systematic Bacteriology, 42(3): 412-421.

Martinez-MurciaAJ, SaavedraMJ, Mota DR, Maier T, Stackebrandt E and Cousin S. (2008)
Aeromonas aquariorum sp. nov., isolated from aquaria of ornamentd fish.
International Journal of Systematic and Evolutionary Microbiology, 58: 1169-1175.

Maya R, Dhevendaran K, Mathew A, Georgekutty M1 and Natargjan P. (1995) Seasona
variations of bacteriain fish Etroplus suratensis and Etroplus maculatus (Pisces.
Cichlidae). Indian Journal of Marine Sciences, 24: 225-228.

Mazeaud MM, Maseaud F and Donadson EM. (1977) Primary and secondary effects of
stress in fish: some new data with general review. Transactions of the American
Fisheries Society, 106: 201-212.

Mazid MA. (2001) Fish Disease and Prevention. Bangladesh Fisheries research Institute,
Mymensingh. 36 pp.

195



References

McBan AJ, Bartolo RG, Catrenich CE, Charbonneau D, Ledder RG, Rickard AH,
Symmons SA, Gilbert P. (2003) Microbial characterization of biofilms in
domestic drains and the establishment of stable biofilm microcosms. Applied and
Environmental Microbiology, 69(1): 177-185.

McCarthy DH. (1980) Some ecologica aspects of the bacteria fish pathogen-
Aeromonas salmonicida. In: Aquatic Microbiology. Symposium of the Society of
Applied Bacteriology No. 6: 299-324.

McCracken A and Fidgeon S. (1977) The effect of storage on drugs incorporated into
pelleted fish food. Journal of Applied Bacteriology, 42: 289-290.

McGarey DJ, Milanes L, Foley DP, Reyes BJr, Frye LC and Lim DV. (1991) The role
of motile aeromonads in the fish disease, ulcerative disease syndrome (UDS).
Experientia, 47: 441-444.

McKenzie RA and Hall WTK. (1976) Dermal ulceration of mullet (Mugil cephalus).
Australian Veterinary Journal, 52: 230-231.

McVicar AH, Bruno DW and Fraser CO. (1988) Fish diseases in the North Sea in
relation to sewage sludge dumping. Marine Pollution Bulletin, 11: 169-173.

Meshram SU, Joshi S, Kamdi R and Peshwe S. (1998) In vitro interaction of microbial
biopesticides with fish pathogens prevailing in aquaculture food industry. Journal
of Food Science and Technology, Mysore, 35: 177-178.

Meyer FP. (1991) Aquaculture disease and heath management. Journal of Animal
Science, 69(10): 4201-4208.

Meyer FP and Bullock GL. (1973) Edwardsiella tarda, a new pathogen of channel
catfish (Ictalurus punctatus). Applied Microbiology, 25: 155-156.

Michel C. (1981) A bacterial disease of perch (Perca fluviatilis L.) in an Alpine lake:
isolation and preliminary study of the causative organism. Journal of Wildlife
Diseases, 17: 505-510.

Millar BC, Xu J and Moore JE. (2007) Molecular Diagnostics of Medically Important
Bacteria Infections. Current Issuesin Molecular Biology, 9: 21-40.

Mitchell J. (2011) Streptococcus mitis: Walking the line between commensalism and
pathogenesis. Molecular Oral Microbiology, 26: 89-98.

196



References

Moffitt CM and Mobin SMA. (2006) Profile of microflora of the posterior intestine of
Chinook salmon before, during, and after administration of rations with and
without erythromycin. North American Journal of Aquaculture, 68: 176-185.

Moliner C, Raoult D and Fournier PE. (2009) Evidence of horizontal gene transfer between
amoeba and bacteria. Clinical Microbiology and Infection, 15: S178-S180.

Monfort P and Baleux B. (1990) Dynamics of Aeromonas hydrophila, Aeromonas
sobria, and Aeromonas caviae in a sewage treatment pond. Applied and
Environmental Microbiology, 56: 1999-2006.

Monfort P and Baleux B. (1991) Distribution and survival of motile Aeromonas spp. in
brackish water receiving sewage treatment effluent. Applied and Environmental
Microbiology, 57: 2459-2467.

Montes M, Perez MJ and Nieto TP. (1999) Numerica taxonomy of gram-negative,
facultative anaerobic bacteriaisolated from skin of turbot (Scophthal mus maximus)
and surrounding water. Systematic and Applied Microbiology, 22: 604-618.

Morgan DR, Johnson PC, DuPont HL, Satterwhite TK and Wood LV. (1985) Lack of
correlation between known virulence properties of Aeromonas hydrophila and
enteropathogenicity for humans. Infection and Immunity, 50(1): 62—65.

Naylor RL, Goldburg RJ, Primavera JH, Kautsky N, Beveridge MCM, Clay J, Folke C,
Lubchenco J, Mooney H and Troell M. (2000) Effect of aquaculture on world
fish supplies. Nature, 405: 1017-1024.

Nedoluha PC and Westhoff D. (1997a) Microbiological anadysis of striped bass (Morone
saxatilis) grown in arecirculating system. Journal of Food Protection, 60: 948-953.

Nedoluha PC and Westhoff D. (1997b) Microbiology of striped bass grown in three
aquaculture systems. Food Microbiology, 14: 255-264.

Newman SG and Deupree RJr. (1995) Biotechnology in aguaculture. INFOFISH
International. Aquaculture, 1: 40-46.

Nichols GEA. (1996) Hedlth significance of bacteria in distribution systems- review of
Aeromonas. Report for project DW-02/A, UK Water Industry Research Ltd.

197



References

Nielsen ME, Hai L, Schmidt AS, Qian D, Shimada T, Shen JY and Larsen JL. (2001) Is
Aeromonas hydrophila the dominant motile Aeromonas species that causes
disease outbreaks in aguaculture production in the Zhajiang Province of China.
Diseases of Aquatic Organisms, 46: 23-29.

Nieto TP, Toranzo AE and Barja JL. (1984) Comparison between the bacterial flora
associated with fingerling rainbow trout cultured in two different hatcheriesin the
north-west of Spain. Aquaculture, 42: 193-206.

Nieto TP, Corcobado MJR, Toranzo AE and Barja JL. (1985) Relation of water
temperature to infection of Salmo gairdneri with motile Aeromonas. Fish
Pathology, 20: 99-105.

Nilsson WB, Gudkovs N and Strom MS. (2006) Atypica strains of Aeromonas
salmonicida contain multiple copies of insertion element 1SAsa4 useful as a
genetic marker and a target for PCR assay. Diseases of Aquatic Organisms, 70:
209-217.

Noga EJ. (2000) Fish Disease: Diagnosis and Treatment. In: Fish Health Section BLUE
BOOK, 2007 edition.

Notermans S and Hoornstra E. (2000) Risk assessment of Listeria monocytogenes in fish
products: some genera principles, mechanism of infection and the use of
performance standards to control human exposure. International Journal of Food
Microbiology, 62: 223-229.

Novotny L, Dvorska L, Lorencova A, Beran V and Pavlik |. (2004) Fish: a potential
source of bacterial pathogens for human beings. Veterinarni Medicina, 49(9):
343-358.

Oladosu GA, Ayinla OA and Ajiboye MO. (1994) Isolation and pathogenicity of a
Bacillus sp. associated with a septicaemic condition in some tropical freshwater
fish species. Journal of Applied Ichthyology, 10: 69-72.

Olafsen JA. (2001) Interactions between fish larvae and bacteria in marine aquaculture.
Aquaculture, 200: 223-247.

Osawa M, Tachibana M, Arita M, Hashimoto T, Ishida T, Hongo T and Fujii H. (2002)
An autopsied case of septicemia due to Vibrio vulnificus. Kansenshogaku Zasshi,
76: 63-66.

198



References

OTA (Office of Technology Assessment). (1995) US Congress. Selected Technology
Issuesin U.S. Aquaculture. OTA-BP-ENV-171. Washington, DC.

Oztirk RC and Altinok i. (2014) Bacterial and Vira Fish Diseases in Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 14: 275-297. doi:10.4194/1303-2712-
vl4 1 30

Pacha RE and Porter S. (1968) Characteristics of myxobacteria isolated from the surface
of freshwater fish. Applied Microbiology, 16(12): 1901-1906.

Palumbo SA, Bencivengo MM, Dé Corra F, Williams AC and Buchanan RL. (1989)
Characterization of the Aeromonas hydrophila group isolated from retail foods of
animal origin. Journal of Clinical Microbiology, 27(5): 854-859.

Pasnik DJ and Smith SA. (2006) Immune and histopathologic responses of DNA-
vaccinated hybrid striped bass Morone saxatilis x M. chrysops after acute
Mycobacterium marinum infection. Diseases of Aquatic Organisms, 73: 33-41.

Paterson WD. (1974) Biochemica and serological differentiation of several pigment-
producing aeromonads. Journal of the Fisheries Research Board of Canada, 31:
1259-1261.

Pathiratne A, Widanapathirana GS and Chandrarkanthi WHS. (1994) Association of
Aeromonas hydrophila with epizootic ulcerative syndrome (EUS) in freshwater
fishin Sri Lanka. Journal of Applied Ichthyology, 10: 204-208.

Pazos F, Santos Y, Macias AR, Nufiez S and Toranzo AE. (1996) Evaluation of media
for the successful culture of Flexibacter maritimus. Journal of Fish Diseases, 19:
193-197.

Pearce-Duvet JM. (2006) The origin of human pathogens. evaluating the role of
agriculture and domestic animals in the evolution of human disease. Biological
Reviews of the Cambridge Philosophical Society, 81: 369-382.

Peatman E, Baoprasertkul P, Terhune J, Xu P, Nandi S, Kucuktas H, Li P, Wang S,
Somridhive) B, Dunham R and Liu Z. (2007) Expression analysis of the acute
phase response in channel catfish (Ictalurus punctatus) after infection with a
Gram-negative bacterium. Developmental and Comparative Immunology, 31:
1183-1196.

199



References

Peatman E, Terhune J, Baoprasertkul P, Xu P, Nandi S, Wang S, Somridhive B,
Kucuktas H, Li P, Dunham R and Liu Z. (2008) Microarray analysis of gene
expression in the blue catfish liver reveds early activation of the MHC class |
pathway after infection with Edwardsiella ictaluri. Molecular Immunology, 45:
553-566.

Pedersen A and Dalsgaard A. (2003) Antimicrobia resistance of intestinal Aeromonas
spp. and Enterococcus spp. in fish cultured in integrated broiler-fish farms in
Thailand. Aquaculture, 219: 71-82.

Pellett S, Bigley DV and Grimes DJ. (1983) Distribution of Pseudomonas aeruginosa in
ariverine ecosystem. Applied and Environmental Microbiology, 45: 328-332.

Pérez-Sanchez T, Balcazar JL, Garcia Y, Halaihel N, Vendrell D, de Blas |, Merrifield
DL and Ruiz-Zarzuela I. (2011) Identification and characterization of lactic acid
bacteria isolated from rainbow trout, Oncorhynchus mykiss (Walbaum), with
inhibitory activity against Lactococcus garvieae. Journal of Fish Diseases, 34:
499-507.

Phillips MJ. (1989) A report on the NACA workshop on the regional research
programme on ulcerative syndrome in fish and the environment. Network of
Aquaculture Centresin Asia-Pacific, Bangkok.

Piper RG, Mcewain IB, Orme LE, McCraren JP, Fowler LG and Leonard JR. (1982)
Fish hatchery management. US Department of the Interior, Fish and Wildlife
Service, Washington, DC. 517 pp.

Pippy JHC and Hare GM. (1969) Relationship of river pollution to bacterial infection in
salmon (Salmo salar) and suckers (Catostomus commer soni). Transactions of the
American Fisheries Society, 98: 685-690.

Plouffe DA, Hanington PC, Walsh JG, Wilson EC and Belosevic M. (2005) Comparison
of select innate immune mechanisms of fish and mammals. Xenotransplantation,
12: 266-277. doi:10.1111/j.1399-3089.2005.00227.x

Plumb JA. (1994) Health Maintenance of Cultured Fishes: Principal Microbial
Diseases. CRC Press, Boca Raton, FL.

Plumb JA. (1997) Infectious diseases of striped bass. In: Striped bass and other Morone
culture (ed. RM Harrel). pp. 271-313.

200



References

Plumb JA. (1999) Health Maintenance and Principal Microbial Diseases of Cultured
Fishes. lowa State University Press, Ames, lowa, 344 pp.

Plumb JA and Hanson LA. (2011) Health Maintenance and Principal Microbial
Diseases of Cultured Fish (3" edn.). Wiley-Blackwell, lowa, USA. 400 pp. doi:
10.1002/9780470958353.ch11

Popoff M. (1984) Genus I11. Aeromanas Kluyver and Van Niel 1936, 398"". In: Bergey’s
manual of systematic bacteriology, Vol. 1, (eds. NR Krieg and JG Holt).
Baltimore, MD, Williams and Wilkins, pp. 545-548.

Popoff MY, Coynault C, Kiredjian M and Lemelin M. (1981) Polynucleotide sequence
relatedness among motile Aeromanas species. Current Microbiology, 5: 109-114.

Prabakaran M, Binuramesh C, Steinhagen D and Michagl RD. (2006) Immune response and
disease resistance of Oreochromis mossambicus to Aeromonas hydrophila after
exposure to hexavaent chromium. Diseases of Aquatic Organisms, 68: 189-196.

Pychynski T, Maanowska T and Kozlowski M. (1981) Bacterial flora in
branchionecrosis of carp (particularly Bacillus cereus and Bacillus subtilis).
Medycyna Weterynaryjna, 37: 742-743.

Pyle SW and Shotts EB. (1980) A new approach for differentiating flexibacteria isolated
from cold water and warmwater fish. Canadian Journal of Fisheries and Aguatic
Sciences, 37: 1040-1042.

Rabbani GH and Greenough WB. (1999) Food as vehicle of transmission of cholera.
Journal of Diarrhoeal Diseases Research, 17: 1-9.

Rahman M, Huys G, Rahman M, Albert MJ, Kihn | and Méllby R. (2007) Persistence,
transmission, and virulence characteristics of Aeromonas strains in a duckweed
aquaculture-based hospital sewage water recycling plant in Bangladesh. Applied
and Environmental Microbiology, 73(5): 1444-1451.

Reddington J and Lightner D. (1994) Diagnostics and their application in aquaculture.
Technical Report. World Aquaculture, 25(3): 41- 48.

Rezzonico F, Smits THM, Montesinos E, Frey JE and Duffy B. (2009) Genotypic
comparison of Pantoea agglomerans plant and clinica strains. BMC
Microbiology, 9: 204. doi:10.1186/1471-2180-9-204

201



References

Rezzonico F, Stockwell VO, Tonolla M, Duffy B and Smits THM. (2012) Pantoea
clinical isolates cannot be accurately assigned to species based on metabolic
profiling. Transplant Infectious Disease, 14(2): 220-221. doi:10.1111/j.1399-
3062.2011.00684.x.

Richards RH and Roberts RJ. (1978) The Bacteriology of Teleosts. In: Fish Pathology
(ed. RJ Raoberts), Bailliere, Tindall, London, pp. 183-204.

Ringg E and Birkbeck TH. (1999) Intestinal microflora of fish larvae and fry.
Aquaculture Research, 30: 73-93.

Ringa E, Stram E and Tabachek JA. (1995) Intestinal microflora: areview. Aquaculture
Research, 26: 773-7809.

Robert B and Moedller JR. (2012) Bacterial Diseases of Fish, Cichlid-forum.com.

Roberts RJ. (1993) Motile Aeromonad Septicemia. In: Bacterial Diseases of Fish (eds. V
Inglis, RJ Roberts and NR Bromage). Blackwell Scientific Publications, Oxford,
pp. 143-156.

Roberts RJ, Frerichs GN and Millar SD. (1990) Epizootic ulcerative syndrome-the
current position, In: Diseases in Asian aquaculture | (eds. M Shariff, RP
Subasinghe and JR Arthur). Fish Health Section, Asian Fisheries Society, Manila,
Philippines. pp. 431-436.

Roberts RJ, Wootten R, MacRae I, Millar S and Struthers W. (1989) Ulcerative disease
survey, Bangladesh. Fina report to the Government of Bangladesh and the
Overseas Development Administration, Institute of Aquaculture, Stirling.

Robohm RA, Brown C and Murchelano RA. (1979) Comparison of antibodies in marine
fish from clean and polluted waters of the New Y ork Bight: relative levels against
36 bacteria. Applied and Environmental Microbiology, 38: 248-257.

Rodgers CJ and Furones MD. (2009) Antimicrobial agents in aquaculture: practice,
needs and issues. In: The use of veterinary drugs and vaccines in Mediterranean
aquaculture (eds. C Rogers and B Basurco). Zaragoza: CIHEAM, pp. 41-59.

Radsaether MC, Olafsen J, Raa J, Myhre K and Steen JB. (1977) Copper as an initiating
factor of vibriosis (Vibrio anguillarum) in eel (Anguilla anguilla). Journal of
Fish Biology, 10: 17-21.

202



References

Ruby EG and Lee KH. (1998) The Vibrio fischeri-Euprymna scolopes light organ
association: current ecologica paradigms. Applied and Environmental
Microbiology, 64: 805-812.

Rurangwa E, Laranja JL, Van Houdt R, Delaedt Y, Geraylou Z, Van de Wiele T, Van
Loo J, Van Craeyveld V, Courtin CM, Delcour JA and Ollevier F. (2009)
Selected nondigestible carbohydrates and prebiotics support the growth of
probiotic fish bacteria mono-cultures in vitro. Journal of Applied Microbiology,
106: 932-940.

Said R, Volpin G, Grimberg B, Friedenstrom SR, Lefler E and Stahl S. (1998) Hand
infections due to non-cholera vibrio after injuries from St. Peter’s fish (Tilapia
zillii). The Journal of Hand Surgery: British and European Volume, 23: 808-810.

Satou N and Nei M. (1987) The Neighbor-joining Method: A New Method for
Reconstructing Phylogenetic Trees. Molecular Biology and Evolution, 4(4): 406-425.

Sakata T, Nakaji M and Kakimoto D. (1978) Microflorain the digestive tract of marine
fish-I: General characterization of the isolates from yellow tail. Memoirs of
Faculty of Fisheries Kagoshima University, 27(1): 65-71.

Sakata T, Okabayashi J and Kakimoto D. (1980) Variations in the intestinal microflora
of Tilapia reared in fresh and seawater. Bulletin of the Japanese Society of
Scientific Fisheries, 46: 313-317.

Sanarelli G. (1891) Uber einen neuen Mikroorganisms des Wassers, welcher fir Thiere
mit veraenderlicher und konstanter Temperatur pathogen ist. Zentralblatt for
Bakteriologie, Parasitenkunde, | nfektionskrankheiten und Hygiene, 9: 193-228.

Santos Y, Romalde JL, Bandin |, Magarifios B, NuUfiez S, Barja JL and Toranzo AE.
(1993) Usefulness of the API-20E system for the identification of bacteria fish
pathogens. Aquaculture, 116: 111-120.

Savas S, Kubilay A and Basmaz N. (2005) Effect of bacterial load in feeds on intestinal
microflora of seabream (Sparus aurata) larvae and juveniles. Israeli Journal of
Aquaculture-Bamidgeh, 57: 3-9.

Schéperclaus W. (1930) Pseudomonas punctata als Krankheitserreger bei Fischen.
Zeitung fur Fischerel, 28: 289-370.

203



References

Schwartz T, Volkmann H, Kirchen S, Kohnen W, Schon-Holz K, Jansen B and Obst U.
(2006) Real-time PCR detection of Pseudomonas aeruginosa in clinica and
municipal wastewater and genotyping of the ciprofloxacin-resistant isolates.
FEMS Microbiology Ecology, 57: 158-167.

Scully LR and Bidochka MJ. (2006) Developing insect models for the study of current
and emerging human pathogens. FEMS Microbiology Letters, 263: 1-9.

Seiberras S, Jarnier D, Guez S and Series C. (2000) Mycobacterium marinum nodular
lymphangitis. Presse Medicale, 29: 2094-2095.

Seshadri R, Joseph SW, Chopra AK, ShaJ, Shaw J, Graf J, Haft D, Wu M, Ren Q, Rosovitz
MJ, Madupu R, Tdlon L, Kim M, Jin S, Vuong H, Stine OC, Ali A, Horneman AJ
and Heiddberg JF. (2006) Genome sequence of Aeromonas hydrophila ATCC
7966T: Jack of dl trades. Journal of Bacteriology, 188: 8272-8282.

Shelby RA, Klesius PH, Shoemaker CA and Evans JJ. (2002) Passive immunization of
tilapia, Oreochromis niloticus (L.), with anti- Streptococcus iniae whole sera.
Journal of Fish Diseases, 25: 1-6.

Shewan JM and McMeekin TA. (1983) Taxonomy and ecology of the Flavobacterium
and related genera. Annual Review of Microbiology, 37: 233-252.

Shi YH, Chen J, Li CH, Lu XJ, Zhang DM, Li HY, Zhao ZX and Li MY. (2012)
Detection of bacterial pathogens in aquaculture samples by DNA microarray
anaysis. Aquaculture, 338-341: 29-35.

Shida O, Takagi H, Kadowaki K and Komagata K. (1996) Proposal for Two New
Genera, Brevibacillus gen. nov. and Aneurinibacillus gen. nov. International
Journal of Systematic Bacteriology, 46(4): 939-946.

Simidu U and Kaneko E. (1969) Microflora of fresh and stored flatfish Kareius
bicoloratus. Bulletin of the Japanese Society of Scientific Fisheries, 35: 77-82.

Smith P and Davey S. (1993) Evidence for the competitive exclusion of Aeromonas
salmonicida from fish with stress-inducible furunculosis by a fluorescent
pseudomonad. Journal of Fish Diseases, 16: 521-524.

Smits THM, Rezzonico F, Kamber T, Blom J, Goesmann A, Ishimaru CA, Frey JE,
Stockwell VO and Duffy B. (2011) Metabolic versatility and antibacterial
metabolite biosynthesis are distinguishing genomic features of the fire blight
antagonist Pantoea vagans C9-1. PLoS One, 6(7): €22247.

204



References

Snieszko SF. (1974) The effect of environmental stress on outbreaks of infectious
diseases of fishes. Journal of Fish Biology, 6(2): 197-208.

Snieszko SF. (1978a) Bacterial Diseases of Fishes and Their Control. In: Marine
Fisheries Review, 40(10): 2-3.

Snieszko SF. (1978b) Control of fish diseases. Marine Fisheries Review, 40: 65-68.

Sobsey MD and Pillai SD. (2009) Where future emerging pathogens will come from and
what approaches can be used to find them, besides VFARs. Journal of Water and
Health, 7: S75-S93.

Song JY, Nakayama K, Murakami Y, Jung SJ, Oh MJ, Matsuoka S, Kawakami H and
Kitamura SI. (2008) Does heavy oil pollution induce bacterial diseases in
Japanese flounder Paralichthys olivaceus? Marine Pollution Bulletin, 57: 6-12.

Spanggaard B, Huber I, Nielsen J, Nielsen T, Appel KF and Gram L. (2000) The
microflora of rainbow trout intestine: a comparison of traditional and molecular
identification. Aquaculture, 182(1-2): 1-15.

Speight EL and Williams HC. (1997) Fish tank granuloma in a 14-month old girl.
Pediatric Dermatology, 14: 209-212.

Stackebrandt E and Goodfellow M. (1991) Nucleic acid techniques in bacteria
systematics, John Wiley and Sons Ltd., Chichester, England. 329 pp.

Starliper CE. (2008) General and specialized media routinely employed for primary
isolation of bacterial pathogens of fishes. Journal of Wildlife Diseases, 44(1):
121-132.

Stein C, Caccamo M, Laird G and Leptin M. (2007) Conservation and divergence of
gene families encoding components of innate immune response systems in the
zebrafish. Genome Biology, 8: R251. doi:10.1186/gb-2007-8-11-r251

Stott AW, Lloyd J, Humphry RW and Gunn GJ. (2003) A linear programming approach
to estimate the economic impact of bovine viral diarrhoea (BVD) at the whole-
farm level in Scotland. Preventive Veterinary Medicine, 59: 51-66.

Subasinghe R. (1997) Fish health and quarantine; review of the state of the World
aquaculture. In: FAO Fisheries Circular. Food and Agriculture Organization of
the United Nations, Rome, Italy. No. 886, pp. 45-49.

205



References

Subasinghe RP, Jayasinghe LP, Balasuriya KSW and Kulathilake M. (1990) Preliminary
investigations into the bacterial and fungal pathogens associated with the
ulcerative fish disease syndrome in Sri Lanka, In: The second Asian fisheries
forum (eds. R Hirano and | Hanyu). The Asian Fisheries Society, Manila,
Philippines. pp. 655-657.

Sudheesh PS, Al-Ghabshi A, Al-Mazrooei N and Al-Habs S. (2012) Comparative
Pathogenomics of Bacteria Causing Infectious Diseases in Fish. International
Journal of Evolutionary Biology, Volume 2012, Article ID 457264, 16 pp.
doi:10.1155/2012/457264

Sugita H, Miygjima C and Deguchi Y. (1991) The vitamin-B12-producing ability of the
intestinal microflora of fresh-water fish. Aquaculture, 92: 267-276.

Sugita H, Nakamura T, Tanaka K and Deguchi Y. (1994) Identification of Aeromonas
species isolated from fresh-water fish with the microplate hybridization method.
Applied and Environmental Microbiology, 60: 3036—-3038.

Sugita H, Shibuya K, Hanada H and Deguchi Y. (1997) Antibacteria abilities of
intestinal microflora of the river fish. Fisheries Science, 63: 378-383.

Sultana N. (2004) Use of chemicals in aguaculture activities in Mymensingh area (MS
Thesis, unpublished). Department of Aquaculture, Bangladesh Agricultural
University, Mymensingh, Bangladesh. 81 pp.

Sun'Y, Hu YH, Liu CS and Sun Li. (2010) Construction and analysis of an experimental
Streptococcus iniae DNA vaccine. Vaccine, 28: 3905-3912.

Tanekhy M. (2013) Some Study on Bacteria Infection in some Cultured Marine Fish.
Journal of the Arabian Aquaculture Society, 8(1): 163-178.

Teska JH, Shotts EB and Hsu TC. (1989) Automated biochemical identification of
bacterial fish pathogens using the Abbott Quantum II. Journal of Wildlife
Diseases, 25: 103-107.

Theron J and Cloete TE. (2002) Emerging waterborne infections. Contributing factors,
agents, and detection tools. Critical Reviews in Microbiology, 28: 1-26.

Thune RL, Stanely LA and Cooper RK. (1993) Pathogenesis of Gram-negative bacterial
infections in warmwater fish. Annual Review of Fish Diseases, 3. 37-68.

206



References

Tison DL, Nishibuchi M, Greenwood JD and Seidler RJ. (1982) Vibrio wulnificus
biogroup-2 — new biogroup pathogenic for eels. Applied and Environmental
Microbiology, 44: 640-646.

Toksen E. (1999) Ege bolgesinde yetistiriciligi yapilan cipura ve levrek baliklarinin
solungaclarinda goriilen metazoan parazitler ve tedavisi. PhD Thesis, Ege
University.

Toranzo AE, Novoa B, Romalde JL, Nunez S, Devesa S, Marino E, SilvaR, Martinez E,
Figueras A and Barja JL. (1993) Microflora associated with healthy and diseased
turbot (Scophthalmus maximus) from 3 farms in Northwest Spain. Aquaculture,
114: 189-202.

Toranzo AE, Romalde JL, Magarifios B and Barja JL. (2009) Present and future of
aquaculture vaccines against fish bacterial diseases. In: The use of veterinary
drugs and vaccines in Mediterranean aquaculture (eds. C Rogers and B
Basurco), 86: 155-176.

Torres JL, Shariff M and Law AT. (1990) Identification and virulence screening of
Aeromonas spp. isolated from healthy and epizootic ulcerative syndrome (EUS)-
infected fish, In: The second Asian fisheries forum (eds. R Hirano and | Hanyu).
The Asian Fisheries Society, Manila, Philippines. pp. 663-666.

Trust TJ. (1975) Bacteria associated with the gills of salmonid fishes in freshwater.
Journal of Applied Bacteriology, 38: 225-233.

Trust TJ and Bartlett KH. (1974) Occurrence of potential pathogens in water containing
ornamental fishes. Applied Microbiology, 28(1): 35-40.

Trust TJ and Sparrow RAH. (1974) The bacterial flora in the aimentary tract of
freshwater salmonid fish. Canadian Journal of Microbiology, 20: 1219-1228.

Tsa MS, Kuo CY, Wang MC, Wu HC, Chien CC and Liu JW. (2006) Clinical features
and risk factors for mortality in Aeromonas bacteremic adults with hematologic
malignancies. Journal of Microbiology, Immunology and Infection, 39(2): 150-154.

Turnbull JF. (1993) Bacterial Gill Disease and Fin rot. In: Bacterial Diseases of Fish
(eds. V Inglis, RJ Roberts and NR Bromage). Halsted Press, John Wiley and
Sons. Inc., New York, pp. 40-57.

Turner S, Pryer KM, Miao VPW and Palmer JD. (1999) Investigating deep phylogenetic
relationships among cyanobacteria and plastids by small subunit rRNA sequence
analysis. Journal of Eukaryotic Microbiology, 46(4): 327-338.

207



References

Uggin M. (1979) Studies on the taxonomy of maor microflora on the intestinal contents
of salmonids. Bulletin of the Japanese Society of Scientific Fisheries, 45:; 721-731.

Ulcerative Fish Disease Committee. (1983) Practical report of the Ulcerative Fish
Disease Committee 1982—-1983, Bangkok.

van der Maarel MJEC, Sprenger W, Haanstra R and Forney LJ. (1999) Detection of
methanogenic archaea in seawater particles and the digestive tract of a marine
fish species. FEMS Microbiology Letters, 173: 189-194.

Verner-Jeffreys DW, Roberts E, Driscoll J, Bayley AE and Algoét M. (2011) Evauation
of the Biolog Microlog 1 system for the identification of gram positive cocci
pathogenic for fish. Bulletin of the European Association of Fish Pathologists,
31: 171-181.

Vethaak AD. (1992) Diseases of flounder (Platichthys flesus L.) in the Dutch Wadden
Sea, and their relation to stress factors. Netherlands Journal of Sea Research, 29:
257-272.

Vethaak AD and ap Rheinalt T. (1992) Fish disease as a monitor for marine pollution:
the case of the North Sea. Reviews in Fish Biology and Fisheries, 2: 1-32.

Vethaak AD and Jol JG. (1996) Diseases of flounder Platichthys flesus in Dutch coastal
and estuarine waters, with particular reference to environmental stress factors. 1.
Epizootiology of grosslesions. Diseases of Aquatic Organisms, 26: 81-97.

Vethaak AD, Bucke D, Lang T, Wester P, Johl J and Carr M. (1992) Fish disease
monitoring along a pollution transect: a case study using dab Limanda limanda in
the German Bight, North Sea. Marine Ecology Progress Series, 91: 173-192.

Vethaak AD, Jol JG, Meijboom A, Eggens ML, ap Rheinalt T, Wester PW, Van De
Zande T, Bergman A, Dankers N, Ariese F, Baan RA, Everts JM, Opperhuizen A
and Marquenie JM. (1996) Skin and liver diseases induced in flounder
(Platichthys flesus) after long-term exposure to contaminated sediments in large-
scale mesocosms. Environmental Health Perspectives, 104: 1218-1229.

Vivas A, Barea JM and Azcon R. (2005) Interactive effect of Brevibacillus brevis and
Glomus mosseae, both isolated from Cd contaminated soil, on plant growth,
physiologica mycorrhizal fungal characteristics and soil enzymatic activities in
Cd polluted soil. Environmental Pollution, 134: 257-266.

208



References

Voigt HR. (1994) Fish surveysin the Vaike Vain Strait between the islands of Saaremaa
and Muhu, western Estonia. Proceedings of the Estonian Academy of Science and
Ecology, 4: 128-135.

Wachsmuth K and Morris GK. (1989) Shigella. In: Foodborne Bacterial Pathogens (ed.
MP Doyle), Marcel Dekker Inc., pp. 447-462.

Waterfield NR, Wren BW and Ffrench-Constant RH. (2004) Invertebrates as a source of
emerging human pathogens. Nature Reviews Microbiology, 2: 833-841.

Watson JD and Crick FHC. (1953) Molecular structure of nucleic acids: a structure for
deoxyribose nucleic acid. Nature, 171: 737-738.

Wayne LG and Kubica GP. (1986) Genus Mycobacterium Lehmann and Neumann 1896,
363AL. In: Bergey’s Manual of Systematic Bacteriology (eds. PHA Sneath, NS
Mair, ME Sharpe and JG Holt), vol. 2. The Williams & Wilkins Co., Baltimore.
pp. 1436-1457.

Wedemeyer GA, Meyer FP and Smith L. (1976) Book 5: Environmental stress and fish
diseases. In: Diseases of Fishes (eds. SF Snieszko and HR Axelrod). TFH
Publications, Neptune, NJ. 192 pp.

We Q. (2002) Socia and economic impacts of aguatic animal health problems in
aquaculture in China. In: Primary Aquatic Animal Health Care in Rural, Small-
scale Aquaculture Development (eds. JR Arthur, MJ Phillips, RP Subasingle, MB
Reantaso and IH MacRae). FAO Fisheries Technical Paper No. 406, pp. 55-61.

Westerdahl A, Olsson JC, Kjelleberg S and Conway PL. (1991) Isolation and
characterization of turbot (Scophthalmus maximus) associated bacteria with
inhibitory effects against Vibrio anguillarum. Applied and Environmental
Microbiology, 57: 2223-2228.

Whipple MJ and Rohovec JS. (1994) The effect of heat and low pH on selected viral and
bacterial fish pathogens. Aquaculture, 123: 179-189.

Whitman KA. (2004) Finfish and Shellfish Bacteriology Manual: Techniques and
Procedures. ISBN 0-8138-1952-0 — lowa State Press.

WHO (World Health Organization). (2002) Aeromonas. In: Guidelines for drinking-water
quality (2nd edn.). Addendum: Microbiological agentsin drinking water. 17 pp.

209



References

Wilson KD and Lo KS. (1992) Fish Disease in Hong Kong and the potential role of the
veterinarian. In: 23 Annual Conference of the International Association for
Aguatic Animal Medicine (IAAAM), Hong Kong.

Woese CR. (1987) Bacterial evolution. Microbiological Reviews, 51: 221-271.

Wolf JC and Smith SA. (1999) Comparative severity of experimentally induced
mycobacteriosis in striped bass Morone saxatilis and hybrid tilapia Oreochromis
spp. Diseases of Aquatic Organisms, 38: 191-200.

Woo PTK and Bruno DW. (1999) Viral, Bacteria and Fungal Infections. In: Fish
diseases and disorders (Vol. 3), CABI publishing, London, UK, 896 pp.

Woo PCY, Lau SKP, Teng JLL, TseH and Yuen KY. (2008) Then and now: use of 16S
rDNA gene sequencing for bacterial identification and discovery of novel
bacteria in clinica microbiology laboratories. Clinical Microbiology and
Infection, 14(10): 908-934. doi: 10.1111/j.1469-0691.2008.02070.x

Woodland J. (2004) Chapter 5. Bacteriology. In: NWFHS Laboratory Procedures
Manual (2" edn.), 44 pp.

World Bank Report. (2006) Globa Burden of Disease and Risk Factors (eds. AD Lopez,
CD Mathers, M Ezzati, DT Jamisonand CJL Murray). A copublication of Oxford
University Press and The World Bank. 510 pp.

Wurts WA and Durborow RM. (1992) Interactions of pH, Carbon Dioxide, Alkalinity
and Hardness in Fish Ponds. SRAC Publication No. 464, 4 pp.

Xu DH, Pridgeon JW, Klesius PH and Shoemaker CA. (2012a) Parasitism by protozoan
Ichthyophthirius multifiliis enhanced invasion of Aeromonas hydrophila in
tissues of channdl catfish. Veterinary Parasitology, 184: 101-107.

Xu DH, Shoemaker CA and Klesius PH. (2012b) Ichthyophthirius multifiliis as a
potential vector of Edwardsiella ictaluri in channel catfish. FEMS Microbiology
Letters, 329: 160-167.

Xuan T. (1990) Vietnam report. In: Regional research programme on relationships
between epizootic ulcerative syndrome in fish and the environment (eds. MJ
Phillips and HG Keddie). A report on the second technical workshop, Network of
Aquaculture Centresin Asia-Pacific, Bangkok.

210



References

Yamamoto S and Harayama S. (1995) PCR amplification and direct sequencing of gyrB
genes with universal primers and their application to the detection and taxonomic
anaysis of Pseudomonas putida strains. Applied and Environmental
Microbiology, 61: 1104-11009.

Yano Y, Nakayama A and Yoshida K. (1995) Population sizes and growth pressure
responses of intestinal microfloras of deep-sea fish retrieved from the abyssal
zone. Applied and Environmental Microbiology, 61: 4480-4483.

Yoshimizu M and Kimura T. (1976) Study on the intestinal microflora of saimonids.
Fish Pathology, 10(2): 243-259.

Yoshimizu M, Kimura T and Sakai M. (1976a) Studies on the intestina microflora of
salmonids- |. The intestinal microflora of fish reared in freshwater and seawater.
Bulletin of the Japanese Society of Scientific Fisheries, 42: 91-99.

Yoshimizu M, Kamiyama K, Kimura T and Sakai M. (1976b) Studies on the intestinal
microflora of salmonids- 1V. The intestinal microflora of freshwater salmon.
Bulletin of the Japanese Society of Scientific Fisheries, 42: 1281-1290.

Yoshimizu M, Kimura T and Sakai M. (1980) Microflora of the embryo and the fry of
salmonids. Bulletin of the Japanese Society of Scientific Fisheries, 46: 967-975.

Zahura UA, Chowdhury MBR and Faruk MAR. (2004) Funga infection in the
freshwater fishes of Mymensingh area in Bangladesh. Indian Journal of
Fisheries, 51(1): 61-68.

Zlotkin A, Eldar A, Ghittino C and Bercovier H. (1998) Identification of Lactococcus
garvieae by PCR. Journal of Clinical Microbiology, 36: 983-985.

Zmyslowska |, Lewandowska D, Nowakowski T and Kozlowski J. (2001) Occurrence of
bacteria in water and in Vendace (Coregonus albula) during rearing in tanks.
Polish Journal of Environmental Studies, 10(1): 51-56.

Zoologica Society of Assam. (1988) Proceedings of the symposium on recent outbreak
of fish diseases in North Eastern India, Zoological Society of Assam, Guwahati,
Assam, India, 23 pp.

211



Appendix table | Chronology of global EUS outbreak (Kamilya and Baruah 2014).

Country Year of Description References
occurrence

Japan 1971 First report of EUS like conditioninfarmed  Egusa and Masuda
ayu (Plecoglossus altivelis) in Oita Prefecture (1971)

Australia 1972 Outbreaks of a cutaneous ulcerative condition McKenzie and Hall
(called red spot disease) in estuarine fish, (1976)
particularly grey mullet (Mugil cephalus) in
Queendand, Austraia

Papua New 1975-1976 An ulcerative disease outbreak, occurredin ~ Haines (1983)

Guinea the rivers of southern Papua New Guinea

Malaysia 1980 Typical EUS like outbreaks occurred inrice-  Jothy (1981)
field fishesin northern Maaysia

USA 1980 Estuarine fish along the east coast of the Hargis (1985),
United States have experienced seasonal Dykstra et al.
epidemics of deep skin ulcers known as (1986)
ulcerative mycosis

Thailand 1981 Outbreak of EUS have occurred annually in  Ulcerative Fish
Thailand since 1981 Disease Committee

(1983)

China 1982 Ulcerated Labeo rohita were first observed at  Lian (1990)
the Pearl River Fisheries Institutein
Guangzhou, South China

Vietnam 1983 The probable first occurrence of EUSin Xuan (1990)
snakeheads came from the Mekong delta

Lao PDR 1983 Magjor EUS outbreaks Lilley et al. (1992)

Myanmar and 1984 Magjor EUS outbreaks Lilley et al. (1992)

Cambodia

Philippines 1985 A serious outbreak of EUS occurred at Llobreraand
Laguna de Bay Gacutan (1987)

Sri Lanka 1987 A major outbreak of epizootics occurred in Costaand
freshwater and estuarine fish in western Sri Wijeyaratne (1989)
Lanka

Bangladesh 1988 Ul ceration was observed in many wild Roberts et al.
species, aswell as cultured Indian major (1989)
carps during February 1988

Hong Kong 1988 Seasona mortalities of snakeheads first Wilsonand Lo

started to occur in late summer 1988

(1992)
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Country Year of Description References
occurrence

India 1988 The north eastern Indian states were thefirst ~ Zoological Society
to report lossesin May 1988 of Assam (1988)

Bhutan and 1989 EUS had spread to Himalayan valley regions  Phillips (1989)

Nepal

Pakistan 1996 EUS was confirmed in snakeheads from DFID (1998)
Punjab Province

Singapore 1997 Mycotic granulomatosis was found in Hanjavanit et al.
ornamental fishesimported from Singapore  (1997)

Botswana 2006 For thefirst timein Africa, thewild fish stock Andrew et al.
of Zambia experienced EUS in the Zambezi— (2008)
Chobe River in Botswana

Zambia 2007 The EUS outbreaks occurred in Zambia FAO (2009)
which share the border or connect to the
Chobe-Zambezi River system

Namibia 2007 The EUS outbreaks occurred in Namibia FAO (2009)
which share the border or connect to the
Chobe-Zambezi River system

Irag 2007/2008 Suspicion reported to the OIE in 2007 and EFSA Panel on
2008, but unconfirmed. Information is Anima Health and
available on World Animal Health Welfare (2011)
Information Database (WAHID) website

South Africa 2010 Confirmed outbreak was reported to the OIE  EFSA Panel on
in February 2011. Information isavailable on  Animal Health and
WAHID website Welfare (2011)

Canada 2010 Confirmed outbreak of EUSin a new EFSA Panel on
susceptible species (brown bullhead, Animal Health and
Ameiurus nebul osus) was reported to the OIE Welfare (2011)

in March 2011. Information is available on
WAHID website
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Appendix table Il Bacterial pathogens of freshwater and marine fish (after Austin and

Austin 2012).
. Geographical
Pathogen Disease Host range distribution
Anaerobes
‘Catenabacterium’ sp - Grey mullet (Mugil auratus), Red fish USA
(Sebastes sp.)
Clostridiaceae r epresentative
Clostridium botulinum Botulism Salmonids Denmark,
England, USA
Eubacteriaceae representative
Eubacterium tarantellae Eubacteria Striped mullet (Mugil cephalus) USA
meningitis
Gram-Positive bacteria— the ‘Lactic Acid’ bacteria
Carnobacteriaceae representative
Carnobacterium maltaromaticum- - Lake whitefish (Coregonus USA
like organism clupeaformis)
Carnobacterium piscicola Lactobacillosis, Salmonids North America,
pseudokidney disease UK
Aerococcaceae representative
Aerococcus viridans - Tilapia China
Enter ococcaceae r epr esentatives
Enterococcus (Streptococcus) faecalis — Rainbow trout (Oncorhynchus Italy
subsp. liquefaciens mykiss), catfish
Vagococcus salmoninarum Lactobacillosis, Atlantic sdlmon (Salmo salar), brown Austrdia, France,
pseudokidney disease, trout (Salmo trutta), rainbow trout North America,
peritonitis, Turkey
septicaemia
L actobacillaceae representative
Lactobacillus spp. Lactobacillos's, Salmonids North America,
pseudokidney disease UK
L euconostocaceae r epr esentative
Weissdlla sp. Haemorrhagic Rainbow trout Brazil, China
septicaemia
Streptococcaceae repr esentatives
Lactococcus garvieae (=Enterococcus Streptococcicosis/ Many fish species Australia, Brazil,
seriolicida) streptococcosis Europe, Isradl,
Japan, Saudi
Arabia, Red Sea,
South Africa,
Taiwan, USA
Lactococcus piscium Lactobacillosis, Rainbow trout North America
pseudokidney disease
Streptococcus dysgalactiae Streptococcosis Amur sturgeon (Acipenser Brazil, China,
schrenckii), amberjack (Seriola Japan

dumerili), Nile tilapia (Oreochromis
niloticus), yellowtail (Seriola
quinqueradiata)
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. Geographical
Pathogen Disease Host range distribution
Sreptococcus agalactiae (=Str. Meningo-encephalitis Carp (Cyprinus carpio), grouper Australia,
difficilis) (Epinephelus lanceolatus), rainbow ~ Columbia, Israel,
trout, silver pomfret (Pampus Kuwait, USA
argenteus), tilapia (Oreochromis spp.)
Streptococcusictaluri Streptococcosis Channel catfish USA
Streptococcusiniae (Str. shiloi) Acute septicaemia, Various freshwater and marinefish ~ Australia,
meningoencephalitis, species Bahrain, China,
streptococcicosis Europe, Isradl,
streptococcosis Japan, Saudi
Arabia, South
Africa, USA
Streptococcus milleri - Koi carp (Cyprinus carpio) UK
Sreptococcus parauberis Streptococcicosis/ Turbot (Scophthal mus maximus) Spain
streptococcosis
Streptococcus phocae Streptococcosis Atlantic salmon Chile
Aerobic Gram-Positive Rods and Cocci
Renibacterium salmoninarum Bacterial kidney Salmonids Europe, Japan,
disease (BKD; Dee North and South
disease; America
corynebacteria
kidney disease)

Bacillaceae r epresentatives

Bacillus spp. Septicaemia; bacillary

necrosis

Bacillus cereus Branchio-necrosis

Bacillus mycoides Ulceration

Bacillus subtilis Branchio-necrosis

Corynebacteriaceae r epresentatives

Corynebacterium aquaticum Exophthalmia

Coryneform bacteria ‘Corynebacteriosis’

Micrococcus luteus Micrococcosis

Mycobacteriaceae representatives

Mycobacterium spp. (Myc. abscessus,
Myec. anabanti, Myc. chelonel subsp.
piscarium, Myc. fortuitum, Myc.
gordonae, Myc. marinum, Myc.
montefiorense, Myc. neocaurum, Myc.
piscium, Myc. platypoecilus, Myc.
poriferae. Myc. pseudoshottsii, Myc.
ranae, Myc. salmoniphilum, Myc.
shottsii, Myc. scrofulaceum, Myc.
simiae, Myc. smegmatis, Myc.
ulcerans)

Mycobacteriosis (fish
tuberculosis)

Nocar diaceae r epr esentatives

Nocardia spp. (Noc. asteroides, Noc. Nocardiosis

salmonicida; Noc. seriolae)

Rhodococcus sp. Ocular oedema

Various freshwater fish species
including catfish (Pangasius
hypophthal mus)

Carp (Cyprinus sp.), striped bass
(Morone saxatilis)

Channel catfish (Ictalurus punctatus)
Carp

Striped bass
Salmonids

Rainbow trout

Most fish species

Most fish species

Chinook salmon (O. tshawytscha)

Nigeria, Vietnam

USA

Poland, USA
Poland

USA
England

England

worldwide

worldwide

Canada
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. Geographical
Pathogen Disease Host range distribution
Rhodococcus erythropolis ? Atlantic salmon Norway, Scotland
Rhodococcus gingshengii Peritonitis Atlantic simon Chile
Planococcaceae r epresentative
Planococcus sp. - Salmonids England
Staphylococcaceae r epr esentatives
Saphylococcus aureus Eye disease Silver carp (Hypophthalmichthys India
molitrix)
Saphylococcus epidermidis - Gilthead sea bream (Sparusaurata),  Japan, Turkey
red sea bream (Chrysophrus major),
yellowtail (Seriola quinqueradiata)
Saphylococcus war neri Ulcerations Rainbow trout Spain
Gram-Negative Bacteria
Aeromonadaceae r epr esentatives
Aeromonas allosaccharophila - Elvers Spain
Aeromonas bestiarum - USA
Aeromonas caviae Septicaemia Atlantic salmon (Salmo salar) Turkey
Aeromonas hydrophila (=Aer. Haemorrhagic Many freshwater fish species worldwide
liquefaciens, Aer. punctata) septicaemia, motile
aeromonas
septicaemia, redsore
disease, fin rot
Aeromonas jandael - Eel (Anguilla sp.) Spain
Aeromonas salmonicida (subsp. Furunculosis, carp Salmonids, cyprinids, and marine worldwide
achromogenes, masoucida, erythrodermatitis, species (dabs, cod)
salmonicida and smithia) ulcer disease
{=Haemophilus piscium}
Aeromonas sobria - Garrarufa (Garrarufa), perch (Perca China, Slovakia,

Aeromonas schubertii

Aeromonas veronii biovar sobria

Alteromonadaceae r epr esentatives
Pseudoalteromonas piscicida
Pseudoalteromonas undina

Shewanella putrefaciens

Campylobacteriaceae representative

Arcobacter cryaerophilus

Enter obacteriaceae representatives

Citrobacter freundii

Tuberculous lesions

Epizootic ulcerative
syndrome, infectious

dropsy

Egg disease

Septicaemia

fluvialitis), gizzard shad (Dorosoma
cepedianum), tilapia (Oreochromis
niloticus)

Snakehead (Ophiocephal us argus)

African catfish (Clarias gariepinus),
rajputi (Puntius gonionotus), rui
(Labeo rohita), catla (Catla catla),
shole (Channa striatus), oscar
(Astronotus ocellatus)

Damselfish
Sea bass, sea bream

Rabbit fish (Sganus rivulatus)

Rainbow trout

Salmonids, sunfish (Mola mola), carp

(Cyprinus carpio)

Switzerland, USA

China
Bangladesh, India

USA
Spain
Saudi Arabia

Turkey

Europe, India,
USA
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Pathogen

Disease

Host range

Geographical
distribution

‘Edwardsiellaictaluri
Enteric septicaemia of catfish

Edwardsiella tarda
(Paracolobactrum
anguillimortiferum, Edw.
anguillimortifera)

Enterobacter cloacae
Escherichia vulneris

Hafnia alvel

Klebsiella pneumonia

Plesiomonas shigelloides

Pantoea (=Enterobacter)
agglomerans

Providencia (Proteus) rettgeri

Salmonella enterica subsp. arizonae
(= Sal. Choleraesuis subsp. arizonae
= Sal. arizonae)

Serratia liquefaciens

Serratia marcescens

Serratia plymuthica
Yersinia intermedia

Yersinia ruckeri

Flavobacteriaceae representatives

Chryseobacterium balustinum
(=Flavobacterium bal ustinum)
Chryseobacterium piscicola

Chryseobacterium scophthalmum
(=Flavobacterium scophthal mum)

Flavobacterium branchiophilum

Flavobacterium columnare

Enteric septicaemia of Ayu, bagrid catfish (Pelteobagrus

catfish

Redpest,
edwardsiellosis,
emphysematous

putrefactive disease of

catfish

Septicaemia
Haemorrhagic
septicaemia

Fin and tail disease

Septicaemia

Septicaemia

Enteric redmouth
(ERM), salmonid
blood spot

Flavobacteriosis

Skin and muscle
ulceration

Gill disease;
generdized
septicaemia

Gill disease

Columnaris,

(=Flexibacter/Cytophaga columnaris) saddleback disease

nudiceps), brown bullhead (Amieurus
nebulosus), channel catfish,
freshwater catfish (Pangasius
hypophthalmus), danio (Danio
devario), striped catfish (Pangasius
hypophthalmus), yellow catfish
(Pelteobagrus fulvidraco)

Freshwater and some fish species

Mullet (Mugil cephalus)
Various freshwater fish species

Cherry salmon (O. masou), rainbow
trout

Rainbow trout

African catfish (Heterobranchus
bidorsalis), eel, gourami

(Osphyronemus gourami), rainbow
trout, sturgeon (Acipenser sturio)
Dolphin fish (Coryphaena hippurus)
Silver carp

Pirarucu (Arapaima gigas)

Arctic charr (Salvelinus alpinus),
Atlantic salmon, turbot

White perch (Morone americanus)

Rainbow trout

Atlantic salmon

Salmonids

Marinefish

Atlantic salmon, rainbow trout

Turbot

Salmonids

Many freshwater fish species

China, Indonesia,
Japan, USA,
Vietnam

Japan, Spain,
USA

India
Turkey

Bulgaria,
England, Japan

Scotland

Germany,
Portugal, Spain

USA

Israel
Japan

France, Scotland,
USA

USA

Poland, Scotland,
Spain
Australia

Australia, Europe,
North and South
America

USA

Chile, Finland

Scotland

Europe, Korea,
Japan, USA

worldwide
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. Geographical
Pathogen Disease Host range distribution
Flavobacterium hydatis (=Cytophaga Gill disease Salmonids Europe, USA
aquatilis)
Flavobacterium johnsoniae Gill disease, skin Barramundi (Lates calcarifer), koi Australia, France,
(=Cytophaga johnsonae) disease carp, rainbow trout, longfin edl South

Flavobacterium oncorhynchi

Flavobacterium psychrophilum
(=Cytophaga psychrophila)

Tenacibaculum dicentrarchi
Tenacibaculum discolor
Tenacibaculum gallaicum

Tenacibaculum maritimum
(=Flexibacter maritimus)

Tenacibaculum ovolyticum
(=Flexibacter ovolyticus)

Tenacibaculum soleae

(‘Cytophaga rosea’)
Sporocytophaga sp.
Francisellaceae representatives

Francisella sp.

Francisdlla asiatica

Francisella noatunensis (=Fr.
philomiragia subsp. noatunensis =
Fr. piscicida)

Halomonadaceae r epr esentative

Halomonas (=Deleya) cupida

M or axellaceae r epr esentatives
Acinetobacter sp.

Moraxella sp.

M oritellaceae r epresentatives
Moritella marina (V. marinus)

Moritella viscosa

M ycoplasmataceae representative

Mycoplasma mobile

Bacteria gill disease

Coldwater disease,
rainbow trout fry
syndrome, necrotic
myositis

Bacterial stomatitis,
gill disease, black
patch necrosis

Larva and egg
mortalities

Tenacibaculosis

Gill disease

Saltwater columnaris

Granulomatous
inflammatory disease

Francisdllosis

Francisellosis,
visceral
granulomatosis

Acinetobacter disease

Skin lesions

Winter ulcer disease/
syndrome

Red disease

(Anguilla mossambica)

Rainbow trout
Salmonids

Perch (Perca fluviatilis), salmonids,
sealamprey (Petromyzon marinus)

Sea bass
Sole (Solea senegalensis)
Turbot (Psetta maxima)

Many marine fish species

Halibut (Hippoglossus hippoglossus)

Sole (Solea senegalensis), wedge sole

(Dicologoglossa cuneata), brill
(Scophthal mus rhombus)

Salmonids

Salmonids

Atlantic cod (Gadus morhua), hybrid
striped bass (Morone chrysops x M.

saxatilis), three-line grunt

(Parapristipoma trilineatum), tilapia

Tilapia, three-line grunt

Atlantic cod, Atlantic salmon,

Black sea bream (Acanthopagrus
schlegeli)

Atlantic salmon, channel catfish
Striped bass

Atlantic sdlmon

Atlantic sdilmon

Tench (Tinca tinca)

Africa
Spain
Europe, USA

Australia, Europe,
Japan, North
America

Spain
Spain
Spain
Europe, Japan,
North America

Norway

Spain

Europe, USA
Scotland, USA

CostaRica, Japan,
Norway,

USA

Costa Rica,
England, Japan

Chile, Norway

Japan

Norway, USA
USA

lceland

Iceland, Norway,
Scotland

USA
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M yxococcaceae r epr esentative
Myxococcus piscicola Gill disease Green carp (Ctenopharyngodon China
idellus)
Neisseriaceae representative
Aquaspirillum sp. Epizootic ulcerative  Snakeheads (Ophicephalus striatus)  Thailand
syndrome and catfish (Clarias batrachus)
Oxalobacteraceae
Janthinobacterium lividum Anaemia Rainbow trout Scotland
Pasteur ellaceae r epresentative
Pasteurella skyensis ? Atlantic salmon Scotland
Photobacteriaceae r epresentatives
Photobacterium damsel ae subsp. Vibriosis Damsel fish (Chromis punctipinnis), Asia, Europe,
damselae (=Photobacterium redbanded sea bream (Pagrus auriga) USA
hi staminum) rainbow trout, sea bass (Lates
calcarifer), sharks, turbot, yellowtail
Photobacterium damsel ae subsp. Pasteurellosis, Bluefin tuna (Thunnus thynnus), Europe, Japan,
piscicida (=Pasteurella piscicida) pseudotuberculosis  gilthead seabream (Sparus aurata), USA
sole (Solea senegalensis), striped bass
(Morone saxatilis), white perch
(Roccus americanus), yellowtail
Piscirickettsiaceae representative
Piscirickettsia salmonis Coho salmon Salmon, sea bass (Atractoscion Canada, Chile,
syndrome, salmonid  nobilis) Greece, Norway,
rickettsial septicaemia Scotland, USA
Rickettsia-like organism Red mark syndrome/  Rainbow trout UK, USA

Pseudomonadaceae r epr esentatives

Pseudomonas anguilliseptica

Pseudomonas baetica

Pseudomonas chlororaphis

Pseudomonas fluorescens

Pseudomonas luteola

Pseudomonas plecoglossicida

Pseudomonas pseudoal caligenes

Pseudomonas putida
Vibrionaceae repr esentatives
Aliivibrio fischeri

Ali. logei

strawberry disease

Red spot (Sekiten-
byo), winter disease

Generalised
septicaemia
Generalised
septicaemia
Bacteria
haemorrhagic ascites
Skin ulceration

Haemorrhagic ascites,
ulceration

Skin lesions

Rainbow trout, marine fish species,
and particularly cod, eels (Anguilla
anguilla, A. japonica), black spot sea
bream (Pagellus bogaraveo), gilthead
sea bream (Sparus aurata)

Wedge sole (Dicologoglossa cuneata)

Amago trout (Oncorhynchus
rhodurus)

Most fish species

Rainbow trout

Ayu (Plecoglossus altivelis), pejerrey
(Odonthestes bonariensis)

Rainbow trout

Ayu, rainbow trout

Gilthead sea bream , turbot

Atlantic salmon

Finland, France,
Japan, Portugal,
Scotland, Spain

Spain

Japan

worldwide

Turkey

Japan

Scotland
Japan, Turkey

Spain
Iceland
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Pathogen Disease Host range distribution
Ali. salmonicida Coldwater vibriosis, Atlantic saimon Canada, Norway,
Hitra Scotland
Vibrio aestuarianus - Tongue sole (Cynoglossus semilaevis) China
V. alginolyticus Eye disease, Cobria (Rachycentron canadum), Asia, Europe,
septicaemia gilthead sea bream, grouper Israel
(Epinephelus malabanicus), sea
bream (Sparus aurata)
V. anguillarum (=Listonella Vibriosis Most marine fish species worldwide
anguillarum)
V. cholerae (non-01) Septicaemia Ayu, gold fish (Carassius aurata) Australia, Japan
V. furnissii - Eel Spain
V. harveyi (=V. carchariae and Eye disease Gilthead sea bream, sea bass, Europe (notably
V. trachuri) (blindness), common snook (Centropomus Spain), Japan,
necrotising enteritis,  undecimalis), horse mackerel Taiwan, USA
vasculitis, granuloma  (Trachurus japonicus), milkfish, red
drum (Sciaenops ocellatus), sharks
(Carcharhinus plumbeus, Negaprion
breviorstris), sole (Solea
senegalensis), summer flounder
(Paralichthys dentatus), tiger puffer
(Takifugu rubripes)
V. ichthyoenteri Intestinal Japanese flounder (Paralichthys Japan, Koresa,
necrosigenteritis olivaceus), summer flounder, olive USA
flounder
V. ordalii Vibriosis Most marine fish species worldwide
V. pelagius - Turbot Spain
V. ponticus Ul cerative disease Japanese sea bass (Lateolabrax China
japonicus)
V. splendidus Septicaemia, vibriosis Corkwing wrasse (Symphodus Norway, Spain
melops), gilthead sea bream, turbot
V. tapetis Vibriosis Corkwing wrasse, ovate pompano Norway
(Trachinotus ovatus)
V. wulnificus Septicaemia Eel Europe, Japan,
P.R.C., USA
V. wodanis Winter ulcer disease/  Atlantic salmon Iceland, Norway,
syndrome Scotland

M iscellaneous pathogens
‘Candidatus Arthromitus’

‘Candidatus Branchiomonas
cysticola’

‘Candidatus Clavochlamydia
salmonicola’

‘Candidatus Piscichlamydia
salmonis’

‘Candidatus Renichlamydia lutjani’

Chlamydiales representative
Streptobacillus

Summer enteritic

syndrome, Rainbow

trout gastroenteritis

Epitheliocystis

Epitheliocystis

Epitheliocystis

“Epitheliocystis”-like

Epitheliocystis

Rainbow trout

Atlantic salmon

Freshwater salmonids

Atlantic salmon

Blue-striped snapper (Lutjanus
kasmira)

Leopard sharp (Triakis semifasciata)

Atlantic sdilmon

Croatia, France,
Italy, Spain,
UK

Norway
North America,
Norway
Norway

Hawaii, USA

Swiss agquarium
Ireland
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Pathogen Disease Host range %Ie;?rlgﬁ:'gr?l
unidentified Gill lesions Rockfish Japan
unidentified Varracalbmi Atlantic salmon Norway
unidentified Ulceration Rainbow trout Scotland

Note: Taxa (highlighted by quotation marks),

namely ‘Catenabacteriunm’,

‘H. piscium’ and

‘Myxobacterium’ are of doubtful taxonomic validity. Others, such as Pr. rettgeri and Sa.
epidermidis, are of questionable significance in fish pathology insofar as their recovery from

diseased animals has been sporadic.
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Appendix |11 Apparatus used in this study (image source: internet).

Incubator (28~30°C)

Model VS-201D
Orbital shaker

g et PO -r'___——-"
. [‘\l“rr#'ﬂ#uﬂlb _'_'_,_,—'___
L _——

Hot water bath UV transilluminator
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Tabletop centrifuge Gel electrophoresis unit

herrﬁ cler Gel documentation

Nanodrop spectrophotometer
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Appendix 1V Sanger sequencing workflow using dye terminator technology (source:

internet).
T T
DNA  TITTITIT dNTP Huorescent
‘Sequencing E ddNTP
eactlon ; =@
e oo > o B8
component o =
He
Enzyme, buffer
Denaturation Hybridization Elongation ]

reaction steps
(x 25 times)

Caplllary
electrophoresis

Migration Detection Basecalling
3 Accacrercate
—
— ACCAGTGTCAT @ | Laser |
—3 ACCAGTGTCA® ETCTCATEC
e ACCAGTGTC @
e ACCAGTGT @

—» ACCAGTG \"'L—L' »
—3 ACCAGT @
—3 ACCAG
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Appendix V Obtained nucleotide sequences of the isolate CK (creamy colony forming
bacteria isolated from mucilage of diseased carp fish from Kakanhat area,
Rajshahi) from ABI Prism 3130 genetic analyzer in FASTA format.

CCTTTAGGTCAGTCTACCGTCCGAGTCGGCGGTAGCACAGGAGTGCTTGCTCTCGGGTGA
CGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTG
GAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCT
TGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCG
ACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCAT
GCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGCAGT
AAGGTTAATAACCTTGTTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGC
CAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGC
ACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTC
GAAACTGGCAGGCTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGGTGAAAT
GCGTAGAGATCTGGAGGAATACCCGGTGGCGAATGCGCCCCCTGACAAAGACTGACGCTC
AGTGCGAAAGCGTGGGGGAGCAAACAGATTAGAAACTCTGTGATGATATTACCAA

Appendix VI Obtained nucleotide sequences of the isolate WK (white colony forming
bacteria isolated from diseased carp fish from Kakanhat area, Rgjshahi)
from ABI Prism 3130 genetic analyzer in FASTA format.

CGTAACGGGAGTCTACCATGCGGTCGACGGTAGCACAGAGAGCTTGCTCTCGGGTGACGA
GTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAA
ACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGC
CATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACG
ATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCC
GCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAG
GTTAATAACCTTGTTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAG
CAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACG
CAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAA
ACTGGCAGGCTGGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGT
AGAGATCTGGAGGAATACCGGTGGCGAAAGGCGGCCCCCTGGACAAAGACTGACGCTCAG
GTGCGAAAGCGTGGGGGAGCAAACAGGATAAGAAACTGTGTGGTTGATACAAAA

Appendix V11 Obtained nucleotide sequences of the isolate YK (yellow colony forming
bacteria isolated from diseased carp fish from Kakanhat area, Rajshahi)
from ABI Prism 3130 genetic analyzer in FASTA format.

CGTTACGCAGTCTACCGTCCGCTGGAGGTAGCCAGAGTGGTTTGCTCCTCGGGTGAGGGT
GGCAGATGGGTGGTTAGTGTCGGGAGCTCTCCCAGATGGGGGGGATAACCTGTGAAAAGG
GGGGCTAATCCCGTATAACCTCACAACACCAAAGAGGGGCCCCTTCGGCCCTCTCTCTCT
CATAAGCCCCCATAGGGTTTTATCTAATGCGGGGGGTAGTGCCCCCCCTACGACAATATC
CCTATCTGGTCTGAGAAGAAGACCCCCCACTCTGGCTCTGACACACGGCCCACACTCCTA
CGGGGGGCCACTGTGGAAAATTTTGCACTGTGGGCGCACCCCTGATGCCCCCGTGCCGCG
TGTAAAAAAAGCGCCTTCGGGTTGAAATATTTTTTCCGCGGGGAAGAGGGGTGTGCGTAT
AATACCCGCCCCTAGTGATTTCCCCCGCAAAAAACACCCGGTCTATCTCCGTGCCCACCC
CCGCGGTTATAGAGAGGGTGCACGCTTATCTCAAATTTACTGGGCATAGAGCACACGCGC
GCTCTCTGTTAACTCATATGTAATCTCCCCGGTTTTACCCTGGAATCTGCTTTTGACTCT
GGGGGCGCTTGACTCCTTATAGGGGGGGGATAAATTTCCGGGTGTCGCTGAAAAGTGCAT
AGATCTCTAGAAAAAAACCCCTGTCGCAGGGGGGGGCCCCCTCGTGGAAAAAACTACACC
ACTCCTCATGTGAAAAAAGCGGTGGGAGCGCACAACGGAGTATTAGAACCCTTTTTTTTC
TCAACAAA

225



Appendices

Appendix VIIl1 Obtained nucleotide sequences of the isolate CD (creamy colony
forming bacteria isolated from diseased carp fish from Darusha area,
Rajshahi) from ABI Prism 3130 genetic analyzer in FASTA format.

CATTACCGGCAGTCTACAGTGCGAGTCGGCGGTAGCGGGGAGATGTAGCTTGCTACTTTT
GCCGGCGAGCGCGCGGACGGGTGAGTAATGCCTGGGGATCTGCCCAGGCGAGGGGGATAA
CTACTGGAAACGGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGACCTTCGG
GCCTTGCGCGATTGGATGAACCCAGGTGGGATTAGCTAGTTGGTGAGGTAATGGCTCACC
AAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGG
TCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATGC
AGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAA
AGGTCGGTAGCTAATATCTGCTGACTGTGACGTTACTCGCAGAAGAAGCACCGGCTAACT
CCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA
AAGCGCACGCAGGCGGTTGGATAAGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAATT
GCATTTAAAACTGTCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTTCCATGTGTAGCGG
TGAAATGCGTAGAGATCTGGGAGGATACCGGTGGCGAAGGCGCCCCTGGACAAAGACTGA
CGCTCAGTGCGAAGCGTGGGGGAGCAAACATGATTAGAACGCTGCTGTGTGTATATCACA
GG

Appendix I X Obtained nucleotide sequences of the isolate YD (yellow colony forming
bacteria isolated from diseased carp fish from Darusha area, Rajshahi)
from ABI Prism 3130 genetic analyzer in FASTA format.

GCTTGCGGCGCTATAATGCAGTCGAGCGAGTCCCTTCGGGGGCTAGCGGCGGACGGGTGA
GTAACACGTAGGCAACCTGCCCGTAAGCTCGGGATAACATGGGGAAACTCATGCTAATAC
CGGATAGGGTCTTCTCTCGCATGAGAGGAGACGGAAAGGTGGCGCAAGCTACCACTTACG
GATGGGCCTGCGGCGCATTAGCTAGTTGGTGGGGTAACGGCCTACCAAGGCGACGATGCG
TAGCCGACCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTAGGGAATTTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTG
AACGATGAAGGTCTTCGGATTGTAAAGTTCTGTTGTCAGAGACGAACAAGTACCGTTCGA
ACAGGGCGGTACCTTGACGGTACCTGACGAGAAAGCCACGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGG
CGGCTATGTAAGTCTGGTGTTAAAGCCCGGGGCTCAACCCCGGTTCGCATCGGAAACTGT
GTAGCTTGAGTGCAGAAGAGGAAAGCGGTATTCCACGTGTAGCGGTGAAATGCGTAGAGA
TGTGGAGGACACCAGTGGCGAAGCGGCTTTCTGGTCTGTAACTGACGCTGAGGCGCGAAA
GCGGTGGGGAGCAAACAGATTAGAACGTCTGCTGATGATGAGATCCAA

Appendix X Obtained nucleotide sequences of the isolate CYD (creamy-yellow colony
forming bacteria isolated from diseased carp fish from Darusha area,
Rajshahi) from ABI Prism 3130 genetic analyzer in FASTA format.

GGTGGGGCATCTATAATGCAGTCGAGCGAGTCGCTTCGGGGGCTAGCGGCGGACGGGTGA
GTAACACGTAGGCAACCTGCCCGTAAGCTCGGGATAACATGGGGAAACTCTTGCTAATAC
CGGATAGGGTCTTCTCTCGCATGAAATGAGACGGAAAGGTGGCGCAAGCTACCACTTGCT
GATGGGCCTGCTGCGCATTAACTAGTTGGGGGGGTAACGGCCTACCAAGGCGACGATGCC
TAACCCACCTGAAAGGGTGACCGGCCACACTGGGACTGACACACCGGCCACACTCCTACG
GGAGGCACTCCTACGGAATTTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTG
AACGATGAACGTCTTCGGATTGTAAAGTTCTGTTGTCAGAGACTAACAAGTACCGTTCGA
ACAGGGCGGTACCTTGACGGTACCTGACTAGAAAGCCACGGCTAACTACGTGCCAGCAAC
CGCGGTAATACGTACGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGG
CGGCTATGTAAATCTGGTGTTATAGCCCTGGGCTCAACCCCCGGCTGCGTATCCCAGACT
GTGTAACTTGAGTGCAGAAGACGTAAAGCTGCTATATCCACGTGTAGCGATTTACATGCG
TAGAGATTGTGGAGGCAACACCATTGGCGAAAGCAGCTTTCTCGTCTGTACTGACTCTGT
ATGTACTAAGCGCTGGAGGAGCAAACGATGAGATACGCCGGGGATATTCACACCCGG
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Appendix XI Obtained nucleotide sequences of the isolate SW/Cr (creamy colony
forming bacteria isolated from pond water from Ullapara, Sirgganj)
from ABI Prism 3130 genetic analyzer in FASTA format.

CCTAACCGGGGCCCTAACCGTCCAAGTCGAACGGTAGCACAGGAGAGCTTGCTCTCGGGT
GACGAGTGGCGGAGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACT
GGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTC
TTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGC
GACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAG
ACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCA
TGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGCGT
TGAGGTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTG
CCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCG
CACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATT
CGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAAT
GCGTAGAGATCTGGGAGGAATACCCGGTGGCGAAGGCGGCCCCTGGACAAAGACTGACGC
TCATGGTGCGAAAGCGTGGGGGGAGCAAACAGGATTAGATACTCTTGTTGAGTATCTCAA
AT

Appendix X1l Obtained nucleotide sequences of the isolate SW/Ye (yellow colony
forming bacteria isolated from pond water from Ullapara, Sirgganj)
from ABI Prism 3130 genetic analyzer in FASTA format.

CTATGGGGGCCGTCTATGATGCAGTCGAGCGGATCGATGGGAGCTTGCTCCCTGAGATCA
GCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGA
AACCGGGGCTAATACCGGATAACACCTACCCCCGCATGGGGGAAGGTTGAAAGGTGGCTT
CGGCTATCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG
GAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGTTAGGGAAGA
ACAAGTGCCGTTCGAATAGGGCGGCGCCTTGACGGTACCTAACCAGAAAGCCACGGCTAA
CTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCG
TAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAG
GGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCAAGTGTAGCG
GTGAAATGCGTAGATATTTGGAGGAACACCAGTGGCGAAGCGACTTTCTGGTCTGTAACT
GACACTGAGGCGCGAAAGCGTGGGGGAGCAAACAGGATTAGAACGCGTGCGTATGTATTC
ACCAA

Appendix X111 Obtained nucleotide sequences of the isolate GSH/Cr (creamy colony
forming bacteria isolated from gill, skin and head surface of diseased
Catla from Ullapara, Sirgjganj) from ABI Prism 3130 genetic analyzer
in FASTA format.

TATAGGCGAGAGTCCTCACAGATGCGAGTCGGCGGCAGCGGGGAGAGTAGCTTGCTACTT
TTGCCGGCGAGCGGCGGACGGGTGAGTAATGCCTGGGGATCTGCCCAGTCGAGGGGGATA
ACTACTGGAAACGGTAGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGACCTTCG
GGCCTTGCGCGATTGGATGAACCCAGGTGGGATTAGCTAGTTGGTGAGGTAATGGCTCAC
CAAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACG
GTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGATG
CAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGA
AAGGTTGGTAGCTAATAACTGCCAGCTGTGACGTTACTCGCAGAAGAAGCACCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT
AAAGCGCACGCAGGCGGTTGGATAAGTTAGATGTGAAAGCCCCGGGCTCAACCTGGGAAT
TGCATTTAAAACTGTCCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGG
TGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGCCCCCTGGACAAAGACTG
ACGCTCAAGGTGCGAAAGCGTGGGGGAGCAAACAGGATTAGAAACGCGTGTGTGATAACC
AAAAG
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