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Tilapia (Oreochromis niloticus) is presently a major aquaculture commodity in
Thailand.  Resulting from farming intensification, tilapia aquaculture has
encountered with disease outbreaks. . Streptococcosis, a disease caused by
streptococci bacteria, has been reported im many countries and has economic
consequences on mass mortality in all stages of tilapia farming. The purpose of
this study is to identify streptococcal pathogens in farmed tilapia by using the
conventional microbiological and melecular techniques. Streptococcosis vaccine
development and its application were studied in tilapia farms. Diseased fish from
overall culture areas reporting outbreaks between 2003 to 2010 were examined for
pathological and microbiolegical characterization. Clinically infected fish showed
septicemic condition, ingluding generalized hemorrhage, exophthalmia with ocular
opacity, abdominal distension, skin abscesses and erratically swimming. Bacterial
isolates recovered fromythe kidney and brain tissue of the diseased tilapia were
identified using API system and PCR assay. PCR amplification of the 16S rRNA
gene with species-specific primers employed to 139 clinical isolates revealed that
131 isolates (94.24%) /were S. agalactige and 8 clinical isolates (5.75%) were
S. iniae. The sequencing analysis of 16S.rRNA gene and sod4 gene suggested
high sequence similarity (> 97%) with the corresponding portion of fish pathogen
genome, S. agalactiae (16S rRNA gene: GenBank accession no. GQ169772-74,
GQ338316-18; sodA gene: GenBank accession no: HM004089-94) or S. iniae (16S
rRNA gene: GenBank accession no. GQ169769-71,°GQ338313-15; sodA gene:
GenBank accession no. HM004083-88). Formalin' killed cell (FKC) and
extracellular product (ECP) were used as a vaccine against S. agalactiae
infections. The vaecination of farmed fish (200 gm body weight) resulted in
specific agglutinating' antibodies for,at least 10 weeks post-vaccination.
The antibodies conferred protection fagainst\a single ifitraperitoneal challenge of
1.5 x 10® cell S.|agalactiae | fish. Mortality ‘of non-vaccirated fish reached 95%
(19/20), whereas mortality of the vaccinated fish was 21.5% (4/19). The efficacy
of FKC_vaccine.and. FKC.added with.ECP. vaccine was.telatively not different.
In addition, no evidence of negative impacts on health performance was observed
in the vaccinated tilapia.
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CHAPTER1
IMPORTANCE AND RATIONALE

The nile tilapia is a freshwater fish native to Africa and the Middle East. The tilapia is well
adjusted to different aquaculture systems, reproduced easily and able to take a variety of
foods (Gupta and Acosta, 2004). Therefore, tilapia are one of the most produced and traded
food fish worldwide (Gupta and Acosta, 2004; Josupeit, 2009). The total world tilapia
aquaculture production in 2006 was 2,381,237 metric tons. While the major tilapia producers
are China, Egypt, Indonesia, the Philippines, Thailand, Mexico, Taiwan and Brazil. Thailand
is among the top five producers and productlon has been increasing over time, from 100,000
tons in 2006 to 120,000 tons in 2008 QJ 009). The main export countries are
the USA, Japan and the European.c commu 1 )// i tilapia production supports both
domestic and export demands. Theﬁnggme Trom ort value was approximately 800
million Baht in 2008 (Departme n Tgade, ;zﬁ

. . rk‘x .
Tilapia are usually reared at h1 / jerve the increasing demand from consumers
worldwide, however, the inte ihg does not always implement the biosecurity

system (Americulture, 1999; ) \ Bactenal 1nfect10ns are most 51gn1flcant

(Wildgoose, 2001; Yanong a 06;. repiococeus is one of the most significant

bacterial diseases in tilapia culture dwide ' and aused economic loss to the world

aquaculture industry (Yanon d, .f(“)() oceosis 1s a septicemic disease
beta’ ]

caused by both the alpha-hemo
Many species of Streptococcus are athggﬁ@ié_-‘_ animals. Some species have
been proven or suspected to be OOHBHE: Hotic. mon isolates in fish infection are
S. agalactiae and S. iniae (The Austfa]ﬁn Ministey' of Agriculture and Forestry, 1999;
Yanong and Floyd, 2006). Streptoc_o,ﬁca‘lﬁﬁnfet:u@‘;ur in many economically important
species of marine and freshw_,xater fish Many studies have repqft ed that the tilapia is more
susceptible to streptococcOsis Hhiai-othei-tishi-E-aiong -ait-+ 4o J2006) Chang and Plumb
(1996) reported that tilapia*s 351 a greater mortaht - nel catfish after bacterial
inoculation and had a mortahUrate of highe 0% W 1th1n Lﬁays post-inoculation (Evans

et al, 2002).

Streptococcal infecti w@j w Ej‘?gtﬁj(ﬂ Oﬂ;q ﬂd‘; ure, causes a mortality
rate of above 75% a pos t1 d, 2006). Chronic or
subclinical infections dfamatically reduce the appetite of the fish and, consequently, decrease
growth rate s ed fish have a
short shelf hlﬁm &ﬁﬁﬁm ylﬁﬂj ?ﬂﬂﬁﬂﬁmssing one or
both eyes or having hemorrhages all over the bodies of the diseased fish is not acceptable to
the consumers (Americulture, 1999; Yanong and Floyd, 2006).

ains of streptococcal bacteria.

Streptococcosis is usually identified by its clinical signs, together with conventional
microbiological tests; colony morphology, biochemical and Lancefield group characteristics.
However, some species of Streptococcus cannot be identified by conventional tests.
Molecular techniques have been developed for the detection and identification of many
bacterial pathogens including the significant fish pathogens. All Streptococcus species can
be confirmed correctly and rapidly by immunofluorescence, enzyme-linked immunosorbent
assays (ELISA) and molecular techniques (Americulture, 1999; OIE, 2005; Yanong and
Floyd, 2006).



Several strategies are employed to prevent streptococcosis in farmed fish, e.g. good
maintenance of water quality and the environment, quarantining of new fish, rapid diagnostic
tools with proper therapy and vaccination (Evans et al., 2004; Klesius et al., 2000). Fish
vaccination has been successfully applied in the control of several bacterial diseases
(Marsden et al., 1998; Nakanishi et al., 2002). In addition, vaccination has replaced the use
of antibiotics for treatment and growth promotion that is sometimes ineffective or not safe to
the consumer (Klesius et al., 2000). However, there are many factors that need to be
considered for the vaccination, e.g. the types of antigen, the strain variation among the
regions of disease outbreak, the route of administration and the size of fish (Evans et al.,
2004; Klesius et al., 2000). Vaccination against streptococcosis has been used successfully in
tilapia farming worldwide (Americulture, 1999; Gudding et al., 1999); hence, in addition to
the pathobiological characteristics of the 7, this study will focus on the vaccine

development and its application in far

N

microbiological metho rgengtie-based e
(2) To study the methodolog 1S Vac development and the application
of vaccine in farmed ti "~k 4 '

Keywords (Thai): Tsasinsidinnan

A o o

Keywords (English): Streptococcosis, Tilapia

—
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CHAPTER 11
LITERATURE REVIEW

The tilapia is one of the most produced and internationally traded food fish in the world. The
characteristics of tilapia aquaculture are that they are disease-resistant, reproduce easily and
are widely acceptable in a variety of foods (Gupta and Acosta, 2004). Most tilapia can grow
in both freshwater and brackish water (salinity < 7 ppt) and, as a result, tilapia are suitable for
culture in many countries (Bocek, 2008; Department of Fisheries, 2008; Gupta and Acosta,
2004). A greater part of tilapia production is consumed within Africa and Asia, but recently,
tilapia consumption has become worldwide and includes the USA, Canada, Europe, Central
and South America. The increasing dema ilapia production is because it provides on
important source of animal protein, forei #ﬂ e and employment opportunities in
several countries (Gupta and Acosta&@ }

The world’s total tilapia aquacw fureuctl in zm was 2,381,237 metric tons. Tilapia
are cultured in > 100 countries / s rémained the\nsu\'&er one producer. The major

tilapia producers are China, , the Phlhppme ailand, Mexico, Taiwan and

Brazil. Thailand is listed am f p;roducers and its production has slightly
increased overtime (100,000+0ns d-120, 00 tons.in 2008) (Josupeit, 2009). Thai
tilapia production supports bot ands. Main export countries are the
USA, Japan and the EuropeanCo i s Th /inco om exports was approximately 800

tprgducts are whole frozen, fresh
fillets and frozen fillets. Further ucts are smoked products sashlml
fried skins and frozen meals foll
and scales of tilapia are used for le
products are used for fertilizer i

(Department of Fisheries, 2008; Depart;néfffot ,F 1

armaceutical industry. Other by-
h meal in animal food industry
Trade, 2008).

'"".-' _r',/‘

Tilapia is a freshwater flsh._né,tlve to Africa and W{Ihere are about 70 species

of tilapia and 9 species are‘ in aquaculture wor tllapla production focuses
mainly on 3 species; a warn‘r“water strain, the

eochromis nilotica), a cold
resistant strain, the Blue tllap (Oreochromis aureue) and a hy

id reddish-colored strain, the
Mozambique tilapia (Oreochromis, massambica) {Gupta and Acosta, 2004). Nile tilapia

comprise the majorlt@ ert ﬂ:ﬂn‘jtwsj bh]\eﬂ produced worldwide
was about 83% in 20 ﬂ Fw{; aﬁ?

Tilapia can be dev, pfqd any techniques
have been employed to u\ﬁgg %ﬁr 11a 1 oders because
the laid eggs arg ertilized, an female incu ates and a ches 1ts eggs in its mouth. The

average spawning is about 3 times per year with approximately 750 to 6000 eggs produced
per year. Tilapia have numerous large eggs and they are easy to culture until of marketable
size. The rearing of tilapia is divided into 3 phases; the hatchery phase, the nursery phase and
the grow-out phase. In the hatchery phase, the fertilized eggs are hatched over 3 to 5 days
and are reared to fingerlings in about 7 days. Small fingerlings are cultured to a large size
(ranging from 20 to 50 grams) in the nursery phase for 21 to 23 days. During the nursery
phase, the fish are selected in monosex populations as the male tilapias grow faster and are
more uniform in size than females. Monosex populations are achieved either by manual
sexing, direct hormonal sex reversal, hybridization or genetic manipulation. The final phase
is the grow-out phase. The fish are reared over 7 to 8 months to reach marketable size (800




to 1000 grams). The grow-out phase can be managed at different kinds of farms, such as;
large cage farms, tilapia-shrimp polyculture farms, ponds, intensive tank culture and
raceways systems (Bocek, 2008; Department of Fisheries, 2008; Gupta and Acosta, 2004).
Although, tilapia are being reared at higher densities to support the increasing consumption
demand worldwide, the intensified tilapia farming does not generally implement biosecurity
systems.  Consequently several significant diseases in tilapia culture are apparent
(Americulture, 1999; Evans et al., 2002).

The significant tilapia pathogens fall into the general categories of protozoa, bacteria and
ricketsial-like diseases. Bacterial diseases are the most significant pathogens of cultured fish,
causing the highest levels of both morbidity and mortality. Bacterial diseases in fish are the

result of many inducing factors such as en tal condition, stress, the susceptibility of
@e, 1999; Wildgoose, 2001; Yanong

the host and the virulence of the pathoge‘h\g(‘xtf
and Floyd, 2006). Streptococcus is one of the ificant bacterial diseases in tilapia
culture worldwide, and the dlse@es e onoﬁm to the world tilapia industry.

Streptococcosis is associated G\HM ma agerm: 1n;c!ud1ng high water temperature
durifig’ihe mmer)%h‘(;)ckmg density, harvesting or

(water temperature of above 3
handling and poor water quality*With*high ammonia or nit oncentrations (Romalde and

Toranzo, 1999; Shoemaker et al 2001).' S

itive cocci bacterium of the family
ogenic to humans and animals.

‘%pecies of Streptococcus that
lactiae, S. equi, S.equisimilis,

strains of Streptococcus spp.
Stretococcaceae. Many species
Some species have been prove
cause dlsease in fish are Strept

dlseased flSh are S. agalacnae and &l-tzt;cze (The" istralian Ministry of Agriculture and
Forestry, 1999; Yanong and Floyd, 200?@)? sS4 _zae can be found in both humans and
animals including cattle, hgrses, dogs; rabfalts, pigs, mice and fish. S. agalactiae
(beta-hemolytic and Lancefteld group B) is an i e/ of human infection and

i i Z'is ha Y ;ause the main infection of S.
agalactiae in humans is li d from person to ansmission. S. iniae, a zoonotic
infection, occurred in Asian 4 ople in Toronto, Ontario and €anada in 1997 (OIE, 2005).
The cause of this human 1nfect1gn&/as associated with skin injury from the spines of fish or
knives. The clinical cellulitis around open
wounds. Some casesﬁ;ﬁlﬁ "‘i to't g a‘:nﬂﬁ infection followed by

septlcemlc disease. H8wever, healthy peo e were at minimal risk of acqulrmg this disease

AT

Streptococcal infections occur in many economically 1mpor§‘1t species of marine and
freshwater fish, e g. striped mullet, sea trout, pinfish, spot, Atlantic croaker, gulf menhaden,
yellowtail, striped bass, sea bream, salmon, rainbow trout, sea catfish, stingray, tilapia, eel,
bluefish, golden shiner, silver sea trout, Japanese flounder and sturgeon (Edward, 2000;
Romalde and Toranzo, 1999; Yanong and Floyd, 2006). Many studies support the theory that
streptococcosis seriously affects tilapia. Chang and Plumb in 1996 reported that tilapias had
a greater mortality rate than channel catfish within 24 hours of inoculation and had a
mortality rate of upto 70% within 7 days of inoculation (Evans et al., 2002).




Streptococcosis outbreaks occur in many countries that conduct tilapia farming, including the
USA, Japan, Israel and Italy (Edward, 2000; Romalde and Toranzo, 1999). In Thailand, the
literature indicates that streptococcosis causes production loss in all regions of tilapia farming
(Wongtavatchai et al., 2006). Streptococcus is found in a wide variety of sources e.g.
environment (water, bottom mud of culture area), contaminated fish food and carrier fish. In
addition, live or unprocessed (fresh or frozen) food can be a possible source of exposure and
disease outbreak (Romalde and Toranzo, 1999). Streptococcus spp. can be transferred into
fish by ingestion of the infected or dead fish in cannibalistic or predacious fish. Removing
dead fish is suggested to be a possible mean of minimizing oral transmission (Evans et al.,
2000; Yanong and Floyd, 2006).

The consequence of streptococcosis in trla ng, is that streptococcosis affects fish of

any size or age. Streptococcal 1nfect10ns ca 1'? ortality rates, particularly in intensive

culture. A mortality rate (of up 75% ﬁ ver 3 to 7 days post-infection

(Americulture, 1999; Romalde a and Floyd, 2006). Chronic or

subclinical infections reduce ?_h—etrtea and-conscquently decrease growth rate
ks

significantly. The grow-out iCh, ,normally -8 months, retards to 10-12
months when the juvenile fis All 1nfected‘ah?e~diseased fish are injured easily
during harvesting or transport ‘ and have short shelf life. The physical
appearance of infected fish, th eyes and hemorrhagic skin, are not
acceptable to the consumer du

and Floyd, 2006).

spinning), weakness, loss of app 1te'l.1mba‘lance¢' 7 vement, lethargy, darkening, uni or
bilateral exophthalmia (extruding eyes) seorneal ity (whitish eyes), hemorrhage in or

around the eye, the operculum, the base of the fin: 3 Vent or anuza;ld on the body, abdominal

distension and ulceration. \_-s‘tre tococci can infect the brain: nervous system of fish
resulting in abnormal swi g behavior during the of infection. Internal lesions
have revealed bloody fluid inj,e abdomen, an en ened spleen, a pale liver, kidney

enlargement and hemorrhage-over the heart, intestine, gut and‘brain (Edward, 2000; Yanong
and Floyd,2006).

The kidney and brarnﬂ UOEJHQ m E?J(Mirw E,l ,-Julﬁa] ibaoterra The bacteria

infiltrates via the blood!circulation of dlseised fish and as a result, it can be found in the

kidney and an al ian Ministry of
Agriculture a\%]‘l:w{%} agg ﬁ ﬁ)@,ﬁ’q %p@ﬁ agnosis can be
made by microscopic exanunatlon e tissue imprin showmg the gram positive cocci
chain. Streptococcus may be found in wounds, blood or pustules. The definitive diagnosis
depends on the bacterial identification of the pure culture. Streptococcus spp. can be
identified by hemolytic patterns on blood agar, colony morphology, biochemical reaction,
serology to detect antigens and molecular techniques (OIE, 2005). In hemolytic reaction,
there are 3 types of hemolysis Streptococcus including beta, alpha and non-hemolysis. Beta-
hemolysis Streptococcus can damage the red blood cells completely and found clear zone
surrounding the colony on blood agar. Alpha-hemolysis Streptococcus causes a partial or
green hemolysis around the colony since the activity is associated with the reduction of red
blood cell hemoglobin (McKane and Kandel, 1996; OIE, 2005; Talaro and Talaro, 1996). As
a serological method to detect antigens of Streptococcus, Lancefield grouping is used for the



grouping of Streptococcus and identified with the letters A to H and K to V. However, some
streptococcal species do not have Lancefield group antigens (OIE, 2005). Fish
streptococcosis are usually identified by clinical signs and confirmed by conventional tests
such as culturing, colony morphology, biochemical test or Lancefield group (OIE, 2005;
Songer and Post, 2005). However, the conventional tests cannot identify some species of
Streptococcus and the methods do not provide rapid identification. All species of
Streptococcus can be confirmed correctly and rapidly by immunofluorescence, enzyme-
linked immunosorbent assays (ELISA) or molecular techniques (Americulture, 1999; OIE,
2005; Yanong and Floyd, 2006).

Molecular characterization as a phylogenetic system is based on the information carried in
the genes. The methods are used to stud g olution of the organism, characterize the
members of the bacteria and find out the tax ition of the bacterial strains (Alber et
al., 2004; Sulultana et al., 1998). Genetic differ be a database for the development
of diagnostic tools and effective V:&;{‘Eld . Homologous genes that among
to different species are used in Wﬁmeti | of E@? trees. The genes; encoding
the 16S rRNA, the 23S rRNA -23S rRNA. intergenic spacer region; have been
used for the genetic identificati®r 1 ili?ludir:(i%ijococci (Alber et al., 2004)
because these genes are highly se variable'sequence segments (Chatellier et
al., 1998; Martinez et al., 2 8).. Inaddition, alternative target genes
e.g. gene sodA encoding the su
(60 KDa heat shock protei
Streptococci (Alber et al., 2004

treatment in food fish are regulated by Fead -=}{‘
species of fish and the disease to bé treated, the methodsef administration, dosage and the
withdrawal time in food i&x (Bowser, 1999;_Amihafﬁg-l re used in fish such as
amoxicillin, oxytetracycling.ssulphadiazine/trimetho m ifadimethoxine/ormetoprim
(Romet-30) (WHO, 1999). Fet ! ing medication i ¢ route of medical administration
and the amount of antibactesial is calculated from drug/fishebody weight per day for a
specified number of days. A@nﬁgistration Withqil’n immersion bath of antibiotics is not
suitable in aquacult , eated. Antibacterial
susceptibility of bacteri 1&&5&%3&1&%&@ reatment to avoid any

antimicrobial resistanc&broblem (Bowser, 1‘999).

pevenion o QARG P 3 PAOLIDBELGY A rocesrs

C

maintaining of good water quality, the Keeping of the environment cléan, the quarantining of
new fish before introducing farm, rapid diagnostic tools with proper therapy and vaccination
(Evans et al., 2004; Klesius et al., 2000). Vaccination is mainly conducted and is successful
against several bacterial diseases in the aquaculture system. Vaccination significantly
reduces serious economic loss from diseases (Marsden et al., 1998; Nakanishi et al., 2002).
In addition, vaccination may replace the use of antibiotic treatment that is ineffective or
unsafe to consumer (Klesius et al., 2000).




Vaccination is an effective strategy to control diseases in large scale aquaculture and valuable
brood stocks. Many types of bacterial vaccine are available commercially and routinely used
in farmed fish, for instance; furunculosis vaccine, vibriosis vaccine, pasteurellosis vaccine
and streptococcosis vaccine (Gudding et al., 1999). Fish vaccination is needed to be
considered other factors; including types of antigens, strain variation in the region of disease
outbreak, size of fish (Evans et al., 2004; Klesius et al., 2000).

Fish can be immunized by injection, immersion or oral administration of vaccine. Different
vaccine administration methods have their advantages and disadvantages depending on the
level of protection, the side-effects, practicality and cost-efficiency. Intraperitoneal injection
is the most commonly used method for administration of fish vaccine due to its high efficacy
(Gudding et al., 1999; Nakanishi et al., 2({%&’E maturation of immunity is necessary for

fish vaccination. The specific immune res develops after the fish fry completely
finish absorption of their yolk aﬁ

ing. The specific immune system
depends more on fish weight rath Elli and Lillehaug, 1995; Tort et al.,
2003), thus the size of fish at

W ’hmﬂ'%-nﬂr’fgctor for fish to be immunized
(Evans et al., 2004; Gudding - _ sa

n are able to possess immune
response to justify vaccin _ body weight (Press and

weight is required to provide

effective response to strep
Gudding et al., 1999).

Although, several streptococc , eveloped for the protection of
streptococcosis, many of the ifles ¢ o ’air ormulation; formalin-killed S.iniae
vaccine, modified-killed S.ini ine, ’, whole cells and concentrated
extracellular products, toxoid-enriched ha%ifrl [ vaccine in Freund’s incomplete

adjuvant. A formalin-killed bacteri W,‘:Ars‘gglpce:ss alin’
the relative percentage survival (RPS).Ws@fhjgg an. 80% (Romalde and Toranzo, 1999).
: . ; e AR : :

Unvaccinated fingerlings haye a.gréater cost of production, than vaccinated fish due to the
increasing cultural duratipni<and use of chemicals " and™“m: edicines for streptococcosis

SIS  Stieptococcal vaccinated fish
have increased survival (Americulture, DS ’ cﬁ:velopment of modified live
vaccine against group B S. agalactiae or S. iniae vaccine is an-ainsuitable application due to

risk of spreading to fish and egvg)nment (Toraq&g et al., 2009) and its lack of safety to

human health (Evans qu(ﬁj)/} V] EJV] j W EJ f] ﬂ {j
RIANIUUNINYAE



CHAPTER III

MATERIALS AND METHODS

The study was conducted in 3 phases; Phase I, pathobiological characterization of streptococcosis
in farmed tilapia, Phase II, phylogenetic analysis of streptococcal bacteria isolates with specific
gene sequence comparison and Phase III, development of a streptococcosis vaccine.

Streptococcosis in Thai farmed tilapia
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Phase I : Pathobiological characterization of streptococcosis in farmed tilapia
Sample collection and bacterial isolation

Diseased tilapia from the culture areas reporting outbreaks between 2003 and 2010 were
examined for clinical sign and gross lesion (external appearances and internal lesions).
The bacterial isolates were cultured from target organ, including brain and kidney, on Tryptic
Soy Agar (TSA, Oxo0id®, USA) added with 5% (v/v) sheep blood (Romalde and Toranzo,
1999; Talaro and Talaro, 1996). The isolates were primarily examined by morphological
characterization, e.g. colony characteristic (size, translucency, color and growth on media),
bacterial cell morphology following the gram’s stain, and biochemical tests. The catalase test

were used to differentiate gram positive coec ia, the staphylococcus and micrococcus
presented positive for catalase pr® /

coccus was negative for catalase

production (Stokes and Ridgway, 1 ¢ pu

_ erol, at -80°C for further study
(Wongtavatchai ef al., 2006). " §
Histopathological character{ N :
tissues were preserved in 1
Figure 3.1. The tissue was pr
progressively with concentrate e Fot: det i tissue, chloroform for cleaning of
tissue and hot liquid paraffin fof i ix B). The processed tissues
were stained with hematoxylin and eo"S{E_a::_’fE_—r ular components (Chang and Plumb,
1996; Gridley, 1949). Hematoxylin wﬂsﬂgﬁjéd'té) tain nuelei blue and eosin stained cytoplasm

s of Streptococcus were stored in
maintenance broth with 10% fetal bovine serum an
Organs from diseased fish e.g. , liver, intestines and reproductive
I logical study as shown in
staining for microscopic ex
were embedded and sectioned at & migrometer. 7, crotome. The sectioned tissues
and the extracellular connecfiyetissue matrix pink 1

o

Hemathoxylin and Eosin stain o

Figure 3.1 Processing of preservative tissues obtained from diseased fish for histopathology.
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Biochemical analysis

The bacteria isolates were tested for biochemical characteristic using the enzymatic tests (i.e.
acidification of carbohydrates) with the API system (BioMeieux, France). The system tested
for activities of acetoin production, hippurate hydrolase, B-glucosidase, pyrrolidonyl
arylaminidase, o-galactosidase, [B-glucuronidase, [-galactosidase, alkaline phosphatase,
leucine arylamidase, arginine dihydrolase, fermentation of carbohydrates, e.g. ribose, L-
arabinose, manitol, sorbital, lactose, trehalose, inulin, raffinose, starch and glycogen. The
commercial API 20STREP was applied following the manufacturer’s instructions with a
modification of the incubating temperature to 30+ 2°C for the suitable bacterial growth
(Wongtavatchai et al., 2006).

Molecular techniques —

spp., were further confirmed.b
from bacterial cells was separatg

). The chromosomal DNA
[ kit MACHEREY-NAGEL,
), and stored at -20°C until
use. PCR identification of ] plified by genus specific
oligonucleotide primers C1 a (Meiyi- Bt:nqurt L. 2 2 ;' S. iniae 16S rRNA specific
primers Sin-1 and Sin-2 (Zlotkit egfal 199& Sy ‘ S rRNA specific primers F1
and IMOD (Martinez et al., S Eab PCR was carried out in PCR
Thermal Cycler (Whatman Biong tion mixture (20 ul) contained
»500 mM KCI, 20 mM MgCl,), 2 pl of

lymgrase 5 U (GNERON Biotechnology, USA), 1 pl of
forward prlmer 10 uM 1 pl of reverse pgrx—m}” Loy ooF, 1 of DNA 50 ng/ul (Meiri Bendek et

following program: 94°C for.2 30/cycles at 94°C for 20 secs
(denaturation step), at 56°C p 10 sees (a 72°C for 30 secs (extension
step), followed by a final extefision at 72°C for 2 mins. The products were determined
by the electrophoresis in 2% TBEgagarose gel with Tris-Borate-EDTA buffer (TBE; 89 mM

Tris-borate and 2 m % ﬂ%ﬁ%ﬂﬂﬂ bp DNA ladder as a
molecular marker (Si ml Ethidium bromide

(Sigma Algrich Inc. Ii'leA) for 30 mms;and Vlsuahzed under UV 1&}1rmnat10n (Vilber

e Ge“ﬁ? RS U NRINEA Y



Table 3.1 Species specific oligonucleotide primer for identification of 16S rRNA gene of
S. agalactiae and S. iniae.

primer sequence PCR product  Reference
(bp)

C1 5’-GCG TGC CTA ATA CAT GCA A-3° 200 Meiri-Bendek

C2 5’-TAC AAC GCA GGT CCA TCT-3’ et al., 2002

F1 5’-GAG TTT GAT CAT GGC T 220 Martinez
IMOD 5’-ACC AAC ATG TGT T4 A , etal., 2001
Sin-1  5°-CTA GAG TAC ACA Zlotkin
Sin-2  5’-GGA TTT TCC 2 etal., 1998

AULINENINYINT
IR TN TN
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Phase II: Phylogenetic analysis of streptococcal bacterial isolates with specific gene
sequence comparison

Bacterial strains and growth conditions

The bacterial isolates used in the presented study were Streptococcus agalactiae and S. iniae
as shown in Table 3.2. Six isolates of S. agalactiae and six isolates of S. iniae obtained from
phase I study were chosen to represent different geographical distribution of tilapia farm in
Thailand. These isolates were from the outbreaks occurring in tilapia farm located in middle,
north-eastern and western part of Thailan,

S. agalactiae ATCCI13813 and S. iniae
ATCC29178 were used as reference strains: *f

ﬂ

Table 3.2 Source of the Streptoc e apphed to phylogenetic analysis.

ID Source car of dentification Molecular identification
(PCR assay)

S. agalactiae
JW10-SA2  Mukdahan
JW13-SA71 Nakornpanu
JW16-SA8  Nakornpathum
JW19-SA32 Kanchanaburi
JW22-SA35  Petchaburi
JW25-SA65 Chachoengsao
S. iniae

S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae

S. agalactiae

JW1-SI1 Mukdahan S. iniae
JW3-S14 Mukdahan S. iniae
JW4-S150 Nongkai S. iniae
JW6-SI52 Nongkai S. iniae
JW7-S169 S. iniae
JWO9-SI176 S. iniae

Prepara*w“@)%ﬁf%ﬂ:@ NIUNAINYIANY

Each strain was subcultured on Tryptic Soy Agar (TSA, Oxoid®, USA) added with 5% (v/v)
sheep blood for 18-24 hours at 30+ 2°C and then grew in Tryptic Soy Broth (TSB, Oxoid®,
USA) overnight at 30+ 2°C with shaking at 100 RPM. Isolation of the chromosomal DNA
from pure cultures was performed using genomic DNA kit (NucleoSpin® Extract I,
MACHEREY-NAGEL, Germany), according to the manufacturer’s protocol as described
previously.
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PCR primer

Molecular characterization of the tilapia pathogenic streptococcal bacteria was performed by
sequencing of the 16S rRNA and sodA gene. The sodA gene was examined to differentiate
gram positive bacteria, particularly, between streptococci and enterococci (Alber et al.,
2004). Both genes were amplified by PCR with specific primers designed by Primer3
program (available at http://frodo.wi.mit.edu/primer3). Oligonucleotide primers used to
amplify fragments of 16S rRNA (Table 3.3) and sodA gene (Table 3.4) of Streptococcus were
designed on the conserved sequences of the particular genes reported in GenBank nucleotide
database. = The designed primers were synthesized by Sigma-Genosys, Singapore.
Appendix D shows the oligonucleotide primer designs for Streptococcus 16S rRNA and sodA

gene amplification. w1l ‘
Oligonucleotide primers design for ca rRNA gene
R A a

The full length of S. agalactiae and Swamige 168 r roximately 1450 to 1530 bp)
were determined from multiple seqtientce alig W gene from many sources
(GenBank accession no. AB0GZ ABOS3 92913, 85468 for S. agalactiae and
AF335572, AY762259, EU0750 sus sequence was used to

generate primers with Prime r DNA sequencing of 16S
rRNA gene were JW_16S_F CGT AG-3’) as a forward

Table 3.3 16S rRNA gene seq n_c,gsngfﬁ e species in GenBank nucleotide
sequence database used for PCR primer design

P

Size
GenBank no. source sequence (bp)
Streptococcus agalactiae
AB002479 ATCC13813 -hemolytic stra S.A ND Partial 1450
AF015927 ATCC27956 He?(gtic strain p US.A Bovine Partial 1472
EF092913 CMSO ‘ . ‘ i ilapia Partial 1457
BU075060  Suain Pl kol ) T Wiphe | F) Poman Pl 1429
Streptococcus iniae Y ¢
AF335572 1 ing fi Partial 1536
v acgi) 19 1S T WA Ty % Pardal 1456
DQ985468  @GX China ND Partial 1447

ND, Not data
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Oligonucleotide primers design for the amplification of internal part of sodA gene

The internal part of sodA gene associated with Mn-dependent superoxide dismutase was
amplified using forward primer, JW_sodAF1 (5’-TGA TGC TTT AGA GCC ACA ATT
TGA T-3’) and reverse primer, JW_sodAR1 (5’-CAT TGA TGT AGT TTG GAC GAA CA-
3’), and yielded a 512 bp PCR product.

Table 3.4 Internal part of sodA gene sequences of Streptococcus species in GenBank
nucleotide sequence database used for PCR primer design.

GenBank no. region source sequence ?GIZ;;
Streptococcus agalactiae
795893 Mn- dependent S ND Partial 435
Streptococcus iniae
EU661272  sodA gene ND Partial 609
799176 Mn-dependent superox ND Partial 435
AM490314  Mn-depende Fish Partial 429
ND, Not data
DNA amplification and sequenci
DNA amplification was performed fral” ' 0 ul containing 50 ng of genomic

DNA, 0.5 uM of each primer ( grm!ﬂﬁnosysf'- ngapore), 250 uM of each dNTP, and
1 units of Tag DNA polymerase in a {X-amplification buffer (10 mM Tris HCI (pH 8.3),
50 mM KCl, 2 mM MgCl) (1NtRON"’ ﬁ’lo’tecﬁn | _ e PCR mixture was then
amplified 30 cycles on the RPER Thermalcycler (Whatman Biom ®, UK) with programmes.
PCR condition for 16S rRINA gene was conduct following program: 94°C for
3 mins (initial denaturation step), 30 cycles at ¢ SECs iﬂenaturation step), at 58°C for
30 secs (annealing step), and' at 72°C for 60 secs (exten31 step), followed by a final
extension at 72°C for 5 mins. RCR condition for internal part of sodA gene associated with
Mn-dependent super: ﬂlu ?ﬂﬁﬂxﬁ%ﬂ%ﬁﬁng program: 94°C for
2 mins (initial denatuj ﬁ tdration step), at 54°C for

10 secs (annealing st ) and at 72°C fo&. 30 secs (extens10n step), followed by a final

e TN AN Y

The presence ofjPCR products was observed by electrophoresis of 5 ul product in 2% TBE
agarose gel, a 100 bp DNA-ladder was a molecular marker. The gel was stained with 5 mg/ml
of ethidium bromide for visualization of the PCR products. The PCR products were purified
using NucleoSpin® Extract II (MACHEREY-NAGEL, Germany) and submitted for DNA
sequencing. The sequencing reactions were performed by the 1* BASE DNA Sequencing
(Singapore). The sequencing data were analyzed using the biosystems DNA sequencing
analysis Software v5.2 with KB basecaller.
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Sequence data analysis

Forward and reverse sequences were aligned with the consensus sequences allocated in
GenBank. Comparative sequence analysis was carried out using the Bioedit Sequence
Alignment Editor V.7.0.5.3 and phylogenetic analysis was performed using the CLUSTAL V
program (DNASTAR, Madison, WI). Sequence data was submitted to GenBank/EMBL for
the appointment of their accession numbers.

AULINENINYINT
PAIATUAMINYAE
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Phase III : The development of streptococcosis vaccine
Results obtained from previous works in phenotypic characterization (phase I) and genotypic
characterization of streptococcal isolates (phase II) were employed for selection of the

vaccine strain(s).

Bacterial isolates

The selected streptococcal isolates were used as seeds for vaccine production (Table 3.5).
Seeds were tested for their biochemical characteristics by conventional microbiological
procedures as described in phase I (Evans et al., 2004).

| //)Cnae obtained from diseased tilapia

Table 3.5 Selected isolates of the Strepia
were used as seeds for vaccine prod

!!!!!!

Streptococcal vaccine

Two types of streptococcalj_@ccme were devefo e y.  The formalin killed cells
(FKC) and the extracellulat § roducts s<(E€P)-were-tested-for-the tivcfficacy. Figure 3.2 shows
steps in vaccine preparation 0.5 \ an a/ml) of the pure streptococcal
isolate were added 1 ml in 100 yp (TSB) (O x0id®, USA). The cultures
were incubated at 30+ 20C for 10 hours in a 100 RPM shaklng 1ncubator (Shel Lab, USA).

The bacteria cells we entrifugati 16K Sigma, USA) at
4°C for 30 mins and ctiyated in M%} ormahn was removed
from the cells by time al s ton (NSS) at the 1000g

centrifugation 4°C 30 mins. FKC was resuspended 1nﬁSS to make 33 10° cell/ml FKC

vaccine (Eva /m QP@ ﬁaﬂlﬁ mmmwﬁfﬁ ﬂ eat inactivated
supernatant (se ng!l supérn at 30 mins and

filtered sterile with microfilter at 0.45 and 0.22 um (modified from Cryz et al., 1982 and
Evans et al., 2004). The mixed vaccine was prepared by resuspending FKC in the ECP
(3 x 10’ streptococcal formalin-killed cell in 1 ml of ECP). The sterility of the produced
vaccine was tested by plate culture on blood agar at 30+ 2°C for 24-48 hours (Evans et al.,
2004).
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Figure 3.2 Preparation of Streptococcal vaccine

Step 1 S. agalactiae culture on blood agar 30 °C 24 hours
Seed test : hemolytic zone, bacterial morphology
and biochemical property

Step 2 Streptococcus cell suspension 1 ml (0.5 McFarland, ~1-2 x 10° CFU/ml) in
100 ml TSB shaking incubator 30 °C 100 rpm 10 hours.

Step 3 Streptococcal cultufe

Step 4 Vaccine prod “

Streptococcal cells

\ Supernatant
Wash cell and treat with

3% formalin 4 °C 24 ho s s =, Heat 56 °C 30 mins n

Vo e e Y

Wash cell with: 3 iLGC lture fluid with
normal saline fiiter 0.45 and 0.22 um

b 3V
Streptococcal cells Sterile supernatant (ECP)

ﬂ?ﬂﬂ INYINT

Resuspend ingnormal saline Streptococcal cells mix

| sterile ECP
aﬂi}mmmu IR
Sterility test : Culture on blood agar

Mlxed vaccine

Sterility test : Culture on blood agar

Step 5§ In vivo safety test
Intraperitoneal injection 1X dose in 20 gram tilapia; monitor
the vaccinated fish for 2 weeks
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Vaccine Quality

The developed vaccine was assessed for its safety and efficacy in experimental animals (nile
tilapia) and in field trials.

Safety test

Fish and management

Tilapia (Oreochromis niloticus) fingerlings with a mean body weight of 20 grams obtained
from local farm were used for the safety test of the produced vaccine. Fish were stocked in
40 1 square plastic tanks and fed daily (o' appareng satiation. Rearing water was aerated
continuously and the water quality S mea indicated in Table 3.7. Fish were
diti 0 the trial started. The experiment
was conducted in the Wet Lab_{a @eterinary Medicine, faculty of
Veterinary Science, Chulalon i i

Vaccination

Fish from the storage tank were s, each of 10 fish as shown in
Table 3.6. These groups 2 treatments. During the
acclimatization, fish were exami asitic infestation and bacterial
infections particularly the strgpto ays of acclimatization, the

healthy fish were vaccinated
Formulated clove oil solutions
administered 0.1 ml per fish (appr :
non-injected fish and TSB injected fish.—Clini
for 2 weeks post vaccination. Antetio i})g né
collected for mlcroblologlgaprocedures to co
in phase 1.

(1.p.) injection (Figure 3.6).
for vaccination. Vaccine was
: r fish). The control groups were
s and dead fish were monitored daily
rain tissues from the dead fish were
?’tcal infection as described

Table 3.6 Experimental grm& for produced vaccine.

Group L. . _ Replicate tanks
I Formalin Kmdagl E%fm XQ ;y i u pr lﬂ? 2(n=10x2)
2 Formalin Ki 1 xtracel roduct (ECP) 2(n=10x2)
3 Placebo Vaccmated control (TSB)y 2s2(n=10x2)
4 o ¢ L " . K

N 2{n=10x2)
.
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Efficacy test
Efficacy of the streptococcal vaccine against challenge test
Fish and management

Juvenile tilapia (Oreochromis niloticus) of approximately 200 grams body weight were hold,
in a commercial fish farm, 80 fish per net pen (length 2 m x width 2 m x depth 2 m, water
level 1.5 m) in 6.5 CLAS (unit of area equal to 1,600 square meters) supplied with well
aerated brackish water (salinity 7 ppt) (Figure 3.5). Fish were fed commercial dry pellet feed
twice daily at 2% body weight per day. Recirculation aquaculture systems (RAS) was
applied in the farm with the water quality s

Table 3.7 Water quality parameterE '

pH
Nitrite (ppm)
Ammonia (pp

!!!!!!

Vaccination :

L s N
Juvenile tilapia were randp‘mly assigned to 30 fish (Figure 3.3). These
groups represented duplic ----------------------------------- S« Treated groups received

intraperitoneally 0.2 ml of " FKC vaccine (t f mixed vaccine (treatment
group 2) with a dose of approximate . Two control groups were an
untreated control and a placebo vaccinated control. Fish were deprived from feeding

24 hours before the vaccinati lacebo vaCeinated control received intraperitoneally
0.2 ml of TSB. All ﬂf na s%i@m oﬂ t d}‘}l ?l solution prior to the
vaccine or TSB injection. Following the vaccination, th ere weighed every 2 weeks to

evaluate growth performance (Average Daily Gain, ADG,and Feed Conyersion Rate, FCR).

W R A AN YR et a0
50 8" 10" an post! vac cal s mortality.were monitored

daily for 12 webks post vaccination. Anterior kidney (Figure 3.7) and brain tissues (Figure
3.8) from dead fish were microbiological examined to confirm death associated with the
streptococcal infection as described above.
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Figure 3.3 Diagram of the experimental net pens used for efficacy test of the streptococcal vaccine

8 Net pen (length 2 m X width 2 m X depth 2 m,
water level 1.5 m) in 6.5 CLAS pond

4% Control Net pen 1* Formalin Killed Cell (FKC)
Net pen 2* FKC mixed Extracellular product (ECP)
none :

(n = 80) Net pen 3* Placebo vaccinated control
Net pen 4* Untreated control
Net pen 5 Untreated control
Placebo vaccinated control
FKC mix Extracellular product (ECP)
ormalin Killed Cell (FKC)

5 Control
none

(n = 80) | ] Wput
d"‘ - \ \

i - Water.output

Collection of serum sample

Peripheral blood was collected by cq{f@z}?{er}q ’:‘ cture (Figure 3.4). The needle was
inserted at a point on or just below tﬁé;ﬁtéi?al}ff‘ ind bleod samples were aspirated into a
microsyringe. The serum ﬂmzmr 1 hour at 25°C and
centrifuged at 1000g for 5 mui s. The serum was st O til application.

) = *. )
TNYINT

Figure 3.4 Blood sampling in fish of more

“ than 20 ight by t d of punction of
m %i’ lood!v egj S d& and
ykusova, 1991, online available from

http://www.fao.org/docrep/field/003/ac160e/A
C160E00.htm#TOC)

Caudal vessels |
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35 ] 3.6
3.7 | 3.8
7 o N
Figure 3.5 L TiBTR the'efficacy test of streptococcal vaccine
Figure 3.6 ne
Figure 3.7-8 r igure 3.8) tissues of the fish

AUEINENINYINS
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Challenge test

At 10™ week post vaccination, vaccinated and control tilapia (average 500 grams body
weight) were transported to the Wet Lab Facility, faculty of Veterinary Science,
Chulalongkorn University, Nakornpathom, Thailand. Fish were placed in 1200 1 cement
tanks (length 200 cm x width 100 cm x depth 60 cm) and fed daily to apparent satiation.
The running freshwater aerated with air stones was used in the facility, therefore, the fish
were acclimatized with gradually decreasing salinity to O ppt within 8 days (Table 3.8).
Groups of 10 fish each were anaesthetized and challenged at dosage of 1.5 x 10® CFU per fish
with homologous live streptococcal strains to the vaccine seeds by intraperitoneal injection.
The mortality of the challenged fish was monitored for 21 days. Dead fish was examined for
streptococcal infection by clinical signs, § éxternal and internal pathological lesions.

e targ c kidney and brain) were identified with
biochemical profile and PCR assay.  The méaflspcreent mortality and mean percent

cumulative mortality of vaccinatedrand non-vaccinatCdsfish were determined over a 21-day
period. The efficacy of vaccine cvent if fec@luated based on the relative

Relative Percent Suryi vaccinated group x 100
| M ‘\‘*\ vaccinated group

AR TUNMIINGAY
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Detection of serum antibody titer by direct agglutination

The specific antibody titer against Streptococcus agalactiae was quantified using a direct
agglutination test modified from Eldar et al. (1997), Klesius et al. (2000) and Whittington et
al. (2005). The particle agglutination assay employed in this study was based on the theory
that antigen coated particles are agglutinated in the presence of the complementary soluble
antibody. The results are read by macroscopic visual for agglutination in the bottom of the
microwell (Figure 3.9).

S. agalactiae seed strains were grown on Tryptic Soy Agar (TSA, Oxoid®, USA) added with
5% (v/v) sheep blood. Following an overnight culture, pure isolates were added in Tryptic
Soy Broth (TSB) (OX01d® USA) and incubat c' he incubator shaker (100 RPM, Shel Lab,
USA) at 30+ 2°C for 24 hours. The a iﬁ‘ ‘[‘ were separated by a centrifugation at
1000g (Satorius 3-16K, Sigma, U d washed 2 times with Phosphate
Buffer Saline (PBS) solution. To e antig ieles, the turbidity of streptococcal
cells was adjusted to 0.5 MCFW CFU of S. agalactiae/ml) with
PBS solution. The agglutinati : d microtiter plates (Corning®,
Sigma-Aldrich, USA). Tilapi ; '

tion to provide 2 fold serial
dilutions of the tested serum red ul of the antigen particle
suspension (approximately

iae cell/ml) 'was added to each well and
thoroughly mixed. The plate w, ‘a lid and incubated for 6-8 hours at 30+
2°C. The highest dilution

; ination was used to evaluate the
antibody titer, a log;o of the reci

The appearance of a fuzzy ed
reaction, whereas the formation of ith sharp contours was evaluated as a
negative reaction. Serum obtain ‘ sted with S. agalactiae was used as a
positive control, while the negative co@s were the serum obtained from healthy, non-

infected fish and PBS. e

L
..--r‘_,ﬂ"-"' ;;

Figure 3.9 Agglutination result: The appearance of a fuzzy edge at the bottom of the well as a
positive reaction, whereas the formation of a round precipitate with sharp contours as a negative
reaction (online available from http://www.emro.who.int/publications)
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Statistical analysis

The results of this study were analyzed by descriptive statistics in phase I and phase 1I. Phase
Il was analyzed mortality rate using the relative percentage survival (RPS) rate and
nonparametric test for comparison between treatment groups and control groups. Growth
performances; body weight, ADG and FCR were analyzed by comparison with mean value.
Antibody titers were analyzed by ANOVAR.

AULINENINYINT
PAIATUAMINYAE



CHAPTER 1V
RESULTS
Phase I : Pathobiological characterization of streptococcosis in farmed tilapia
Clinical disease

A continuing mortality in Thai cultured tilapia has been observed in country-wide tilapia farm since
2003 to date. Disease outbreaks are evident repeatedly in summer months or when the water
temperature is higher than 30 °C. The disease is found in all stages of rearing tilapia, both in pond
and floating cage culture. Some cases are ass ith the carrier fish that was transported from
another region. Streptococcosis showed 'a%v ce of clinical sign (1 or 2 days after the
infection) and high mortality. Strepto clinical symptoms include abnormal
swimming near the water surface espiration or stationary at bottom,
erratic swimming behavior, low acc ark skin coloration. Diseased fish
showed generalized hemorrhagic rrhages at the base of fin, anus
and operculum, hemorrhages o ith ocular opacity (cloudy eye)
and hemorrhagic fluid around eyes ion and skin abscesses as shown in
Figure 4.1. At necropsy, mori ternal organ (i.e. brain, heart,
liver, stomach, intestine and genit ) owing pale necrotic on tissue,
development of ascites (serosangtineg@us, w - inal fluid). Enlargement of spleen
and kidney are common pathologi Inges 11:1"th liscased fi igure 4.2).

r ._-.,A
|

Figure 4.1 Clinical signs and external lesions observed in the streptococcal infected tilapia. (a)
Moribund tilapia associated with the streptococcal infection; (b) Dark skin coloration; (c)
Exophthalmia with ocular opacity; (d) Generalized hemorrhages on the body surface and at the base
of fin and the operculum.
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Fire 42 I%ﬁ 1847 ‘E%&J 1@ 1 ‘VLEJ A Q T

Serosanguneous (yellow) abdominal fluid; (b) Blood tinged (reddish) abdominal fluid; (c) Enlarged
liver with pale necrotic on tissue; (d) Enlarged liver with petechial hemorrhage; (e) Enlarged spleen
and intestinal edema, (f) Septicemia conditions cause generalized hemorrhages of the visceral
organs, ovary and intestine.
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Histopathology

Histopathologic study revealed a septicemia with numbers of cocci bacteria and inflammatory cells
(predominantly macrophage and lymphocyte) infiltrated in multiple organs of diseased tilapia.
Numerous cocci were seen in blood vessels of the liver, gut, intestine, ovary and brain. Bacteria
were surrounded by macrophages in multiple organs including spleen, liver, digestive tract, kidney,
brain and ovary (Figure 4.3).

Liver

The liver had granular degeneration (swelling of hepatocyte caused by accumulation of intracellular

water in response to cell injury) with focal necrosi

 and infiltration of macrophage and lymphocyte.
Bacteria were found in the hepatic vein and ' f the hepatic vein (called the central vein)
(Figure 4.3a). . ‘ /

L

Digestive tract e

A variable amount of lymphocyti
The mild lymphocyte infiltration e
rectal intestine. Gastrointestinal lesi : erosion of mucosa with numerous
inflammatory cells in lumen. if ickness of the submucosal layer was
observed in gastric lumen. oli were observed in capillary
congestion (Figure 4.3b and 4.3

Spleen and kidney

Splenitis and nephritis were ch
erythrocytes. Focal macrophage infi OR=Y
brown pigment were prominent in the splénic-red
bacteria and inflammatory cells was alsg;f@ﬂj‘n; he
droplet degeneration associatedwwith tubular epithelial
of kidney (Figure 4.3e and 4.36)= :

- macrophages, lymphocytes and
v spleen. Erythrocytes and yellow-

igure 4.3d). Invasion of large number of
onephros. Hyaline droplet or eosinophilic
( iongwas accumulated in the lumen

Hypertrophic thickening of the m finges were associated with the accumulation of large numbers

of erythrocytes, bacteria,.infla t 1 ibroblast iffused_vascular congestion with
bacterial emboli was obsﬁ:: ain|ti %i e 4.3¢): EJ
Ov o/

s folind

ary ¢ .
Macrophage and arws’t} ?al?;l} @we i ms’.})%a? El_icrosis and erosion
S wit | (Figure

of mucosa with numerous inflammatory cel the ovarian follicles .3h).

Brain
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a
i c
dhi e ddd \ -
AT\
Figure 4.3 Histopathologic lesionsfof the Stz a“ agalactiae infected tilapia.
Figure 4.3a, hepatocytes were vacuolated ";s‘ volles Dy the accumulation of intracellular fluid.

White arrows point bacterial cocci in a branch-of

»portal vein. Inflammatory cells, including
macrophages and lymphocyte and erythrocy

heslumen of hepatic portal vein

(black arrow) (H&E x100).5] b, _acute enteritis charaefefized by the infiltration of
inflammatory cells and edematéus f t .7."‘% (black arrow). The white
arrows point clusters of darkly s‘@w d coc °r1d 1n ﬁ capillary (H&E x100). Figure
4.3c, acute gastritis; black arrows indicate regions of necrosis and erosion of the gastric mucosa.

Inflammatory cells and tissue debrisgwere found in gastric lumen. Mucosa and submucosa were
infiltrated by inflammat ﬂﬁ\% ﬁ%ﬁ w—:m points bacterial emboli
within capillary vessels (Hq ). “Figure-4.3d] féca p infiltration was noted in the

spleen. Erythrocytes and"yellow-brown pigment were prgninent in the %J}enic red pulp (black

R AN TN INY A Y
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3 n‘nmhm_r

€
g
e \
.p ; },'_J_E:!
Figure 4.3 Histopathologic lesions of t Fep 0L 00 ealactiae infected tilapia.
Figure 4.3e and 4.3f, nephritis; 3 .;—:!*-gf?:.;aar al and inflammatory cells in
the pronephros (Figure 4.3e) ( _ ' . m revealed cell degeneration
with accumulation of hyaline droplet (Fig 00). Figure 4.3g, exudative meningitis;

macrophage, erythrocyte and fibroblast infiltrations were seen in"meninges (black arrow). The
white arrow point shows active hyperemia and edema (H&E x40). Figure 4.3h, ovary was found

(it arow ?ﬁiﬁ“xiéﬂ“ﬂﬂi’? MBITWRE TR ™ o =
RN IUNRINYIAY



30

Microbiological analysis
Presumptive identification

The pathogen from 139 clinical cases was isolated initially from the anterior kidney and brain of
diseased tilapia by streaking on a blood agar plate (TSA added with 5% sheep blood). Colonies of
streptococcus appeared on blood agar were pinpointed, translucent to slightly opaque, whitish,
round, convex, 1-2 mm in diameter with hemolytic zone (Figure 4.4a). Gram-stain of the pure
culture smear revealed the characteristic chain of Gram-positive cocci (0.6-0.9 um diameter) as
shown in Figure 4.4b. The catalase test was negative.

Biochemical identification

Presumptive streptococci from diseas
API 20STREP kit (Figure 4.4c) and

iochemically characterized using the

‘with the analytical profile index of
s of trep%‘isolates were shown in Table 4.1.
S be S.agalactiae 46 isolates and
ate sitive reaction to the arginine
ntlfled as S. dys.equisimilis posing

Fifty streptococcal isolates from
S. dys.equisimilis 4 isolates (T
dihydrolase and fermentation of ribg
biochemical profiles similar to th ne of the tested isolates could
not be identified for S.iniae by the A : test does not provide data on
biochemical characteristics of #S.inide. crefore, furthe ication with PCR assay was

rapid identification.

-".}' i-'f-'ﬂ-.r-"—;"-‘- J
: i '

.

~ | ‘
" Y} \ T-
Ry

—

= T Ty o;l- — T-‘ r—-.: = r—\

A .'.-4 ;’n-

Figure 4.4 Microbiological analysis of streptococcus infection from diseased tilapia.

(a) Streptococcus colonies on blood agar; (b) Gram-stained smear of Streptococcus sp. from the
pure culture; (c) Biochemical reaction of Streptococcus sp.tested with the API STREP20
(BioMeieux).
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Table 4.1 Biochemical characteristics of Streptococcus sp.isolated from diseased tilapia tested
with the API STREP20 (BioMeieux) (+ : positive reaction; - : negative reaction)

Biochemical properties

Species of streptococcus

HIP
ESC
PYRA
PAL
LAP
INU
RAF
AMD
GLYG

ARA

MAN

SOR
+| LAC

S. agalactiae ATCC13813
S. iniae ATCC29178

S. dys.equisimilis'

S. dys.equisimilis®

S. agalactiae'

S. agalactiae®

S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae

+ +| VP

1
1
+ o+
+
1
1
+ o+
o+

_+ + + +| BGUR
+ + + + +| ADH

+ 4+ ++ A+

N=BE- S - N

1

1

1

1
+++++++++ ++ + +| TRE

1

1

+++++++++ ++ + +| BHEM

77/ 8% Nk

+

LN
AN NS

ppu acid), ESC: ﬁ—glucqsidase hydrolysis
ctosidase, PGUR: B-giucuronidase, BGAL: (-
O , &l

VP: acetoin production (Voges Proskauer); HIP: hydro
(esculin), PYRA: pyrolidonyl arylamidases ol Lﬂ 0~ da 3

galactosidase, PAL: alkaline phosphatase, RIB acidification \ ARA: acidification (arabinose), MAN:
acidification (mannitol), SOR: acidification i(sgr 1 f);l LAC: "acidification (lactose), TRE: acidification
(trehalose), INU: acidification (inulin), RAE : affinose), LAP: leucine aminopeptidase, AMN:
acidification (amidon), ADH: arginine dih idifice tion (glycogen), BHEM: -hemolysis

Note: S. dys.equisimilisl, stock isolate no. 1; ‘ Qs 7 stock isolate no. 50-52; S. agalactiael, stock
isolate no. 2-7, 12-17, 21, 22, 27-30, 35, 38-41. oalactiae®, stock isolate no. 18-20, 54-57;
S. agalactiae’, stock isolate no. 244 S.-; . isol. . Sgagalactiae’, stock isolate no. 31;
S. agalactiae6, stock isolate no. $2=34-"S_goglactige__stocksolateno =48 €. agalactiaes, stock isolate no.
58, 59; S. agalactiae’, stock isolatefio. 42-44, 6 A

§
AUEINENINYINS
AR TUNMIINGAY
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Table 4.2 Biochemical identification of Streptococcus sp. isolated from diseased tilapia using the
API STREP20 (BioMeieux)

51
52
54
55
56
57
58
59
60
61

20/3/2006
20/3/2006
29/3/2006
29/3/2006
29/3/2006
29/3/2006
26/4/2006
26/4/2006

5/7/2006

5/7/2006

Nongkai
Nongkai
Petchaburi
Petchaburi
Petchaburi
Petchaburi
Petchaburi
Petchaburi
Samutprakan
Samutprakan

S. dys.equisimilis
S. dys.equisimilis
S. dys.equisimilis

S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae
S. agalactiae

unacceptable profile
unacceptable profile
unacceptable profile

83.3
83.3
83.3
83.3
95.9
95.9
96.7
96.7

Identification

No.  Stock isolates Date Region Streptococcus sp. Identification profile (%)
1 1 25/12/2003 Mukdahan S. dys.equisimilis 99.8
2 2 6/2/2004 Mukdahan S. agalactiae 98.9
3 3 6/2/2004 Mukdahan S. agalactiae 98.9
4 4 6/2/2004 Mukdahan S. agalactiae 98.9
5 5 6/2/2004 Mukdahan S. agalactiae 98.9
6 6 3/5/2004 Prachlnburl S. agalactiae 98.9
7 7 3/5/2004 ‘ S. agalactiae 98.9
8 12 12-31/5/2004 - _S. agalactiae 98.9
9 13 12-31/5/2004 : /ﬁ agalactiae 98.9
10 14 12-31/5/2004 galactiae 98.9
11 15 12-31/5/2004 % ' %lactiae 98.9
12 16 12-31/5/20@ ——Sragalactiae 98.9
13 17 12-31/5/20 _ ; . j 98.9
14 18 12-31/5/2004 ' 83.3
15 19 12-31/5/2 83.3
16 20 12-31/5/20 83.3
17 21 12-31/5/ 98.9
18 22 12-31/5/200 98.9
19 24 99.1
20 26 97.1
21 27 98.9
22 28 98.9
23 29 28/5/2004 98.9
24 30 28/5/2004 98.9
25 31 7/6/2004 99.9
26 32 14/6/2004 ' 97.8
27 33 14/6/2004 J{Zfﬁﬂtfan buri 7. 97.8
28 34 Kanchanaburi 97.8
29 35 07/7 Petchaburi 98.9
30 36 07/7/200: 98.9
31 38 07/10/ 98.9
32 39 16/1 1/20@ 98.9
33 40 16/11720 Petchaburi S. agalactiae 98.9
34 41 16/11/2005€ 4=,  Petchaburi S. agalactiae 98.9
35 42 96.7
woou o Bk VENINEINT o
37 44 Petchaburi S. agalactiae 96.7
38 45 28/2/2006 Petchiaburi Sgagalactiae 99.9
39 47 98.9
P SA@aann SmEI eIy X
41 50 /3/200: etchaburi

42

43

44

45

46

47

48

49

50

51

52

62

5/7/2006

Samutprakan

S. agalactiae

96.7
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Molecular analysis with PCR assay

The PCR assay using genus specific oligonucleotide primers, S.agalactiae and S.iniae 16S rRNA
specific primers were employed to 139 clinical isolates. PCR identification using primers C1/C2
presented 207 bp amplicon for Streptococcus spp., primers F1/IMOD yielded 220 bp amplicon for
S. agalactiae and 300 bp amplicon was obtained using primers Sin-1/Sin-2 for §. iniae, as shown in
Figure 4.5. The DNA amplication showed all 139 clinical isolates were positive for streptococcus
bacteria as preliminarily indicated by the API system, whilst the amplifications observed in 131
isolates were specific for S. agalactiae and 8 isolates were specific for S. iniae (Table 4.3).
Sequences of randomly selected isolates (18 S. agalactiae isolates and 9 S. iniae isolates) were
compared to the sequences cited in GenBank. S. agalactiae isolates observed in the present study
acquired 98% sequence similarity with the cer ding portion of S. agalactiae isolated from
tilapia (GenBank accession no. EF092913): ﬁ'ﬁﬁgvr%mﬂarity (99%) was also observed in

the typing of the observed S. iniae sequ@‘cﬁ‘s agains 29178 S. iniae type strain (GenBank

accession no. DQ303187). —— 2 —
"1 o :

1500 ]

1000 {5

<207 bp

1500
1000

500

200

100

S.agalactiaey »

Yhsts b Wizl 4 3

S.iniae

Figure 4.5 Direct PCR assay using 16S rRNA specific primers to identify tilapia streptococcal
pathogen genome. Left side, 100-bp DNA ladder; Lane P, positive control (S.agalactiae ATCC
13813, 220 bp and S.iniae ATCC 29178, 300 bp); Lane N, negative control (distilled water).



Table 4.3 PCR identification for streptococcal bacteria isolated from diseased tilapia.

34

Polymerase Chain Reaction (PCR)

No. . Stock Date Rearing Region
isolates Stage Streptococcus  S. agalactiae 8. iniae
1 1 25/12/2003 ND Mukdahan / - /
2 2 6/2/2004 ND Mukdahan / / -
3 3 6/2/2004 ND Mukdahan / - /
4 4 6/2/2004 Grow-out Mukdahan / - /
5 5 6/2/2004 Grow-out Mukdahan / - /
6 6 3/5/2004 ND Prachinburi / /
7 7 3/5/2004 / / -
8 8 12/5/2004 / / -
9 9 12/5/2004 / / -
10 10 12/5/2004 / / -
11 11 12/5/2004 v / -
12 12 12-31/5/2004 / / -
13 13 12-31/5/2004 / -
14 14 12-31/5/2004 / -
15 15 12-31/5/2004 / -
16 16 12-31/5/2004 / -
17 17 12-31/5/2004 / -
18 18 12-31/5/2004 / -
19 19 12-31/5/2004 / -
20 20 12-31/5/2004 / -
21 21 12-31/5/2004 / -
22 22 12-31/5/2004 / -
23 23 31/5/2004 / -
24 24 31/5/2004 / -
25 25 31/5/2004 / -
26 26 31/5/2004 / -
27 27 28/5/2004 Khonka n / -
28 28 28/5/20 / -
29 29 28/5/%@1 U EEDJ 1l EMTW Eﬂ ﬂ ‘5 / -
30 30 28/5/20041 onkaen / -
31 31 TN, :
n n W aﬁ?ﬁﬁtﬁmhmﬂmﬂ/ _
33 33 14/6/2004 Kanchanaburi / / -
34 34 9/7/2004 N D Kanchanaburi / / -
35 35 07/7/2005 Nursery Petchaburi / / -
36 36 07/7/2005 Nursery Petchaburi / / -
37 37 07/10/2005 Grow-out  Nakornpathom / / -
38 38 07/10/2005 Grow-out ~ Nakornpathom / / -
39 39 16/11/2005 Nursery Petchaburi / / -
40 40 16/11/2005 Nursery Petchaburi / / -

ND, Not data
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Table 4.3 PCR identification for streptococcal bacteria isolated from diseased tilapia (continued).

Polymerase Chain Reaction (PCR)

No. ' Stock Date Rearing Region
isolates Stage Streptococcus  S. agalactiae ~ S. iniae

41 41 16/11/2005 Nursery Petchaburi / / -
42 42 30/11/2005 Nursery Petchaburi / / -
43 43 30/1/2006 Grow-out Petchaburi / / -
44 44 30/1/2006 Grow-out Petchaburi / / -
45 45 28/2/2006 Nursery Petchaburi / / -
46 46 28/2/2006 Nursery Petchaburi / / -
47 47 12-31/5/2004  Grow-out / / -
48 49 12-31/5/2004  Grow-out. / / -
49 50 20/3/2006 / / /
50 51 20/3/2006 / / /
51 52 20/3/2006 / / /
52 54 29/3/2006 / / -
53 55 29/3/2006 / / -
54 56 29/3/2006 / -
55 57 29/3/2006 / -
56 58 26/4/2006 / -
57 59 26/4/2006 / -
58 60 5/7/2006 / -
59 61 5/7/2006 / -
60 62 5/7/2006 / -
61 63 5/7/2006 / -
62 64 5/7/2006 Grow-out . ,:Jﬁamuf DI / -
63 65 8/11/2006 Boodstock Chacﬂoen OS¢ / -
64 66 9/1/2007 larsery———Chachoengsao / -
65 67 9/1/2007 / -
66 68 9/1/2007 2 / -
67 69 9/4/2007 Gro -out Nakornp um / /
68 70 9/4/200, / /
69 7l 9/4/200ﬂ UCE"'T‘VI mﬁm 4 ﬂ 9 / :
70 72 9/4/2007% Nursery Nakornpanum y / -
71 73 . / /
noow 9l Blobr g mmmna I
73 75 94/2007 Grow-out Nakornpanum / /
74 76 9/4/2007 Grow-out Nakornpanum / - /
75 77 9/4/2007 Nursery Petchaburi / / -
76 78 9/4/2007 Nursery Petchaburi / / -
77 79 25/4/2007 Nursery Petchaburi / / -
78 80 25/4/2007 Nursery Petchaburi / / -
79 81 5/5/2007 Nursery Chachoengsao / / -
80 82 5/5/2007 Nursery Chachoengsao / / -




36

Table 4.3 PCR identification for streptococcal bacteria isolated from diseased tilapia (continued).

Polymerase Chain Reaction (PCR)

No. . Stock Date Rearing Region
isolates Stage Streptococcus  S. agalactiae 8. iniae

81 83 17/5/2007 Nursery Petchaburi / / -
82 84 17/5/2007 Nursery Petchaburi / / -
83 85 9/1/2007 Nursery Chachoengsao / / -
84 86 9/1/2007 Nursery Chachoengsao / / -
85 87 9/1/2007 Nursery Chachoengsao / / -
86 88 26/2/2007 Nursery Chachoengsao / / -
87 89 26/2/2007 Nursery / / -
88 90 26/2/2007 / / -
89 91 12/6/2007 / / -
90 92 12/6/2007 / / -
91 93 12/6/2007 / / -
92 94 12/6/2007 / / -
93 95 12/6/2007 / -
94 96 12/6/2007 / -
95 97 26/5/2007 / -
96 98 25/6/2007 / -
97 99 25/6/2007 / -
98 100 25/6/2007 / -
99 101 25/6/2007 / -
100 102 26/6/2007 / -
101 103 30/6/2007 / -
102 104 30/6/2007 Nursery ,ij choen / -
103 105 30/6/2007 r\_l\lursery Chach{)en osa / -
104 106 30/6/2007 fursery——Chachoengsao / -
105 107 18/7/2007 / -
106 108 18/7/2007 / -
107 109 18/7/2007 Gro -out Nakornpa um / -
108 110 18/7/20 / -
100 111 18/7/20ﬁ M'ZI (V] ﬂﬁﬁm E]’] ﬂ ? / .
110 112 18/7/200%  Grow-out N ornpanum / -
1113 T :
o an s Al INEAR Y |
113 115 19711/2007 Grow-out Petchaburi / / -
114 116 26/1/2008 ND Petchaburi / / -
115 117 26/2/2008 ND Petchaburi / / -
116 118 26/2/2008 ND Petchaburi / / -
117 119 26/3/2008 Nursery Petchaburi / / -
118 120 26/3/2008 Nursery Petchaburi / / -
119 121 26/3/2008 Nursery Petchaburi / / -
120 122 26/3/2008 Nursery Petchaburi / / -

ND, Not data
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Table 4.3 PCR identification for streptococcal bacteria isolated from diseased tilapia (continued).

Polymerase Chain Reaction (PCR)

No. ‘ Stock Date Rearing Region
isolates Stage

121 123 6/5/2008 Grow-out Chachoengsao /
122 124 6/5/2008 Broodstock ~ Chachoengsao /
123 125 6/5/2008 Broodstock  Chachoengsao /
124 126 6/5/2008 Broodstock  Chachoengsao /
125 127 6/5/2008 Broodstock  Chachoengsao /
126 128 26/3/2008 ND Petchaburi /
127 129 26/3/2008 ND P i /
128 133 2/11/2009 Nursery /
129 134 2/11/2009 Nurser i /
130 135 18/11/2009 N '.--:Z: Peg ab /
131 136 18/11/2009 cseny™™ - Petéhabur: /
132 137 18/11/2009 or§ "/ /Pétchaburi - /
133 138 16/3/2010 . /
134 139 16/3/2010 /
135 140 16/3/2010 /
136 141 6/4/2010 /
137 142 9/4/2010 /
138 143 9/4/2010 /
139 144 9/4/2010 /
ND, Not data

AULINENINYINT
IR TN TN
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Streptococcosis in Thai cultured tilapia

The study of 139 clinical cases during the period from 2003 to 2010 has shown that streptococcosis
occurred in tilapia farming located in the western, north-eastern and middle of Thailand. The areas
of tilapia aquaculture, both freshwater and brackish water, all have experiences in streptococcosis
outbreaks. Streptococcosis outbreaks were reported in Nakornpathom, Prachinburi, Singburi,
Petchaburi, Kanchanaburi, Ratchaburi, Khonkean, Mukdahan, Nongkai, Nakornpanum,
Samutprakan, Ubonratchathani and Chachoengsao (Figure 4.6). The PCR technique demonstrated
that at least 2 species of streptococcus bacteria were involved in tilapia streptococcal infection.
S. agalactiae were found in 131 cases (94.24%) and 8 cases were associated with S. iniae (5.76%).
The infections were evident in the nursery stage, the grow-out stage (juvenile tilapia rearing up to

(-

market-sized tilapia in pond or floating case for 6.t0/8 months) and bloodstock.
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Figure 4.6 Distribution of the streptococcosis in farmed tilapia Oreochromis nilotica of Thailand.
The PCR identification showed that the clinical isolates were mainly S.agalacitae (*) whereas
S.iniae infections (*) were confined within the north-eastern part of Thailand.
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Phase II : Phylogenetic analysis of streptococcus isolates by specific gene sequence comparison
Streptococcus agalactiae obtained from diseased tilapia

PCR determination of 16S rRNA gene and sodA;,, fragment

Results from the molecular microbiological study suggested that S.agalactiae were isolated from
diseased tilapia farm in the middle, the north-eastern and the western part of Thailand. All six
strains of S.agalactiae were used for the amplification of 16S rRNA gene (for comfirmative of
genus streptococcus) and sodA;,; fragment encoding superoxide dismutase A (for strain variation).
The amplified PCR products of the 16S rRNA iene and sodA;,, fragment were 1234 and 512 bps,

respectivellf\y/I (Figure 4.7). g ‘§}§ ’,//(/.d(

3000
2000

1000

500

S. agalactzae isolated from diseased ti pla,“"fhb mo size marker was a 100 bps DNA ladder
(left sides); Lane P, positive control (S. agg{ 1 813) Lane N, negative control (distilled
water). e

ﬂ‘iJEJ’J'VlEJ‘ﬂ’ﬁWEI’]ﬂ‘i
QW’]@\‘]ﬂ‘iWﬁJ‘W}’mmaﬂ
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Sequence determination and similarity analysis of 16S rRNA gene and sodA;,; fragment
Sequence determination and similarity analysis of 16S rRNA gene

Six strains of S.agalactiae from various region of tilapia farming (Mukdahan, Nakornpanum,
Nakornpathom, Kanchanaburi, Petchaburi and Chachoengsao) showed 99.1-99.6% the 16S rRNA
gene sequences similarity with S.agalactiae ATCC13813 (GenBank accession no. AB002479).
The identical sequences (100% sequence identity) were demonstrated within all six strains of
S.agalactiae isolated from Thai cultured tilapia and some other fish species (GenBank accession no.
EU622516, EF092913 and AB297817, Table 4.4). Comparison of 16S rRNA gene sequences of
S.agalactiae obtained from other susceptible hosts, including fish, bovine, human and canine,
showed 100, 95, 100 and 83% of similarity; resi» fx

Table 4.4 Similarities and dissimilafﬁ&s;among I sequences of S.agalactiae obtained

from Thai tilapia, type strain, OWecie‘&‘ and othersusceptible host species cited from
GenBank databases. / /9 - ‘E“-
: ' ; _.;,:"_,_, ._,_“:._
el
12 [3 ]34 : 1011 T2 | 13
1 I 100.0)100.0/100.0)100 400 ot G 00 (954 699 830 1 SA W10 seq
2 |00 1nnn1nn.n1_ 954 889 | 628 | 2 SA W13 seq
3 0.0 |:| 9 |100.0,8 ge.0 | G895 | 622 ] 3 SA W16 Seq
4 |00 oo oo Ga6 (823 4 SA W19 se
5 |00 |00|00) 00 9.9 832 5 SA W22 seq
26 o0 o0 0100 o0 525 | 6 SA W25 seq
5| 7 |05 |05 07 06|05 79.2| 7 ABO02479.580
£ 18 [01[01[04[03]0] 795 8 EF092913.seq
9 |01 |01 |04 0301 79.3| 9 EUE22516.5eq
10 |01 |01 |04 |03 01 1209 | 10 AB297817 560
1M |42 [ 42 [ 44 [ 43 ] 25 dbrdibdir ba5.a | 510 | 11 ABOOZ480 e
12 |01 |01 |04 |03 e 4010 1 Bl s2s | 12 EU075068 s
13 (131 [13.2 [13.7 [136 128 [13.5 142 | 142 [142 |140 155 [14.2 13 EU075070. 56y
12 |3 |4 3“' 6 | 7 | 8|9 [10]|11 |92 |13
Note : SA JW10 isolated from M@alu &ngsmﬂmg m&lq aoﬁd from Nakornpathom; SA JW19

isolated from Kanchanaburi; SA JWQ2 isolated from Petchaburl SA JW25 isolated from Chachoengsao; AB002479, isolated from human
in USA (ATCC13813); EF092913, isolated from aquatic anim 1 in China; EU622516, isolated from tlﬂl-gﬁa in China; AB297817, isolated

from aquatic animal 1na \Wﬁ-} a s% ﬂ s‘ﬁ m %WSQ w %jrf] ﬁ %ustralla, EU075070, isolated
from canine in Australia.
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Sequence determination and similarity analysis of sodA;,; fragment

Sequences covering 512 bp of sodA;,; fragment were used in the analyses. Six strains of
S.agalactiae from tilapia farming presented 100% sequence homology (Table 4.5). However,
nucleotide divergences were found when the fragments acquired from tilapia were typed against the
fragment of the S.agalactiae ATCC13813 (GenBank accession no. Z95893) at 7 single nucleotide
positions, position 111, 114, 126, 243, 259, 414 and 420, and no gaps were present (Figure 4.8).
The ATCC13813 reference strain was non-hemolytic S.agalactiae, whereas the fish strains were
beta-hemolytic S.agalactiae. The result showed that comparison of the nucleotide sequences from
sodAiy; fragment can differentiate S.agalactiae between non-hemolytic and hemolytic strains with

1.6% of sequence divergence, whereas the X‘T
W4

\ ’ ison of 16S rRNA gene showed 0.5% of
sequence divergence. S 7//0
ﬂgme fr lactiae were deduced to amino acid

Nucleotide sequences of the sodA;,,
D‘fro~ . 13813 reference strain (GenBank

sequences, and then compared with ‘
accession no. CAB09346). The ent revealed that these amino acid
i at the amplified PCR products

sequences were clearly related 0" Ma
were the internal fragment of genes

peroxide dismutase.

1 r—
1 I 9.5 [100.0,99.2 100 010000884 | 54 W10 seq
2 | oo 100, . _'_;_‘ SA JW1 3 seq
213 |00t )j SA W1 B.seq
= | 4 | oo Ml |0 : ' BAUW19 seq
£ 5 [o0 00|00 J A W22 seq
6 |00 |0 0 A W25 seq
7 116 | 164 16 | 1. _ ! 785893 seq
W ) ra
1 _ ﬂj

_ . ¢ o . o/
Note : SA JW10 isolat ahan; SA . fro - e kornpathom; SA JW19
isolated from Kanchan i JW la om Petc 1; J isqiat fi acho H 893, isolated from

human in USA (ATCC1 3q1 3).
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Figure 4.8 Multiple sequence alignment of S.agalactiae sodA;, fragments. Nucleotide divergences
were found between nucleic acid position 110-420 of the sequence.
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Figure 4.9 Multiple alignments of manganese-dependent superoxide dismutase (Mn-SOD).

Amino acid sequences were deduced from the sequencing data of S.agalactiae sodA;,, fragments.
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Nakornpathom; SA JW19 isolated from Kanchanaburi; SA JW22 isolated from Petchaburi; SA JW25
isolated from Chachoengsao; CAB09346, isolated from human in USA (type strain of S.agalactiae

ATCC13813).
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Phylogenetic analysis of Streptococcus agalactiae obtained from diseased tilapia

Partial nucleotide sequences of 16S rRNA gene (1,234 bp) and sodA;,; fragment (512 bp) were used
in the phylogenetic analysis. Figure 4.10 and 4.11 illustrate phylogenetic tree generated from the
selected isolates. The dendrogram revealed that all S.agalactiae strains of both diseased tilapia and
reference strain were distinctively apart from other streptococcus species listed in Table 4.6. The
phylogenetic trees showing relationships of the 16S rRNA gene and the sodA;,, fragment among
streptococcal isolates demonstrate that S.agalactiae obtained from clinical isolates of this study and
reference strains were indistinguishable (Table 4.7 and 4.8). Sequence similarities between
S.agalactiae and other species of streptococcus were less than 97% for the 16S rRNA gene, and
75% for the sodA;, fragment. According to etic analysis, partial sequences of sodA;,
fragment contain dissimilarity of the :@‘ , yping of the sequence can distinguish

S.agalactiae from other streptococcal s 1gure

h-.
T —
Nucleotide sequence accession 7

The determined nucleotide sequen.
database under GQ169772 to GQ169
HMO004089 to HM004094 (sodA;

Table 4.6 The GenBank accessio
strains used for phylogenetic analysis.

nd sodA partial gene of reference

SOdA i

Lo k=) -
Streptococcus sp. ,JRC ference fo. i Gen B anh ﬁf ference 1o, GenBank
accession no.

S.agalactiae TCC13813 ATCC13813 795893
S.agalactiae C a - -
S.dysgalactiae supsp. dys. TCC43078 AB002485 dys. No. 110 AB334741
S.dysgalactiae supsp. equi. NCEB 1356 ABQ08926  equisimilis No. 125 AB334742
S.iniae ﬂ u ﬂ@g ﬂﬁ Qﬂ:@@ﬂ ’] m C29178 799176
S.porcinus C43138 799177
S.canis ATCC43498 AB002483 ATCC 496 799175
S.pyogenes 795915
S.equi subsp. zooadwgqs a ﬁ%ﬁﬁ% woi V.I ﬁ% AB334743
S.suis NCTC10234 AF009477 ATCC43765 795920
S.salivarius NCDO 1779(T) X58320 ATCC7073 795916
S.bovis NCDO 597(T) X58317 ATCC33317 795896
S.constellatus ATCC27823 769041 ATCC27823 795897

ATCC; American Type Culture Collection

NCFB; The National Collection of Food Bacteria
NCTC; The National Collection of Type Cultures
NCDO; The National Collection of Dairy Organisms
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Figure 4.10 The phylogenetic tree generated based on the sequences of the S.agalactiae 16S rRNA
gene and other species of streptococcus.
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Figure 4.11 The phylogenetic tree generated based on the sequences of the S.agalactiae sodA;n
fragment and other species of streptococcus.
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Table 4.7 Similarities and dissimilarities among 16S rRNA gene sequences of S.agalactiae obtained from Thai tilapia and type strains.

The sequence similarities between S.agalactiae and other species of streptococcus were 95.7% (S.iniae), 91.4% (S.bovis), 94% (S.canis), 710%
(S.constellatus), 96.4% (S.dysgalatiae subsp. dysgalactiae), 97% (S.dysgal&tj(a subsp. equisimitis), 93.4% (S.euisimitis supsp. zooepidemicus), 95.6%
(S.porcinus), 96.4% (S.pyogenes), 89% (S.salivarius) and 94.4% (S.suis) ' /. 4,;

The sequence divergence between S.agalactiae and other species of strepiococctiswere.3.6% (S.iniae), 5.1% (S.bovis), 5.4% (S.canis), 9.6%
(S.constellatus), 3.3% (S.dysgalatiae subsp. dysgalactiae), 229 (S.dysgalatiae sSubSpwequisimitis), 6.1% (S.euisimitis supsp. zooepidemicus), 3.9%
(S.porcinus), 3.5% (S.pyogenes), 7.3% (S.salivarius) and}é%f FSais)

Divergence

BERANR T |17 |18 ] 19
1 9.5 864 |572 934 (956 |96.4 [89.1 |94.4 ] 1 S.agalactiae JwW10.seq
2 AOE BG4 (872 (834|056 964 (8091 [o44 | 2 5.agalactiae W1 3.seq
3 698 964 977 934|956 |96.4 [89.1 944 [ 3 5.agalactiae JWW16.seq
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Table 4.8 Similarities and dissimilarities among sodA;,; fragment sequences of S.agalactiae obtained from Thai tilapia and type strains.

The sequence similarities between S.agalactiae and other species of streptococcus were 72% (S.bovis), 71.7% (S.canis), 73.1% (S.constellatus), 72%
(S.dysgalatiae subsp. dysgalactiae), 69.4% (S.dysgalatiae subsp. equisimitis)s 66.7% (S.euisimitis supsp. zooepidemicus), 71.7% (S.iniae), 71.5%

(S.porcinus), 71.5% (S.pyogenes), 74.9% (S.salivarius) and 74.7% (S.suts)

/o

The sequence divergence between S.agalactiae and other species of strepjococcﬁs Were.30.6% (S.bovis), 29.5% (S.canis), 30% (S.constellatus),
29.2% (S.dysgalatiae subsp. dysgalactiae), 30.1% (S.dysgalanae Subsp. elquisimitis), 36% (S.euisimitis supsp. zooepidemicus), 29.9% (S.iniae),
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Streptococcus iniae obtained from diseased tilapia
PCR determination and sequence determination of 16S rRNA gene and sodA,, fragment

Results from the molecular microbiological study suggested that S.iniae were isolated from
diseased tilapia farm in the north-eastern part of Thailand (Mukdahan, Nongkai and Nakornpanum),
while the tilapia streptococcosis occurred in other culture areas was found associated with
S.agalactiae. All six strains of S.iniae were used for the amplification of 16S rRNA gene (for
confirmative of genus streptococcus) and sodA;, fragment encoding superoxide dismutase A (for
strain variation). The amplified PCR products of the 16S rRNA gene and sodA;,, fragment were
1234 and 512 bps, respectively (Figure 4.12).

3000
2000

1000

500

16S rRNA gene

Figure 4.12 Amplification of 16 dA;, fragment (512 bp) of S.iniae
isolated from diseased tilapia. The =51 3 a 100 bps DNA ladder (left sides);
Lane P, positive control (S.iniae ATC 78): La negative control (distilled water).

o
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Sequence determination and similarity analysis of 16S rRNA gene and sodA;,; fragment

Sequence determination and similarity analysis of 16S rRNA gene

Six strains of S.iniae from the north-eastern region of tilapia farming i.e. Mukdahan, Nakornpanum,
and Nongkai were determined sequence similarity of 16S rRNA gene. The results showed that
these strains were > 98 to 100% similar to the ATCC29178 type strain and 98 to 100% similar to
aquatic animal strains of the GenBank databases (GenBank accession no. EU622514, EU622515,
AY762259, EU622508, AF335572 and AF335573) (Table 4.9). The similarity of the sequences
ranged from 98 to 99% was also observed when sequences were compared with S.iniae from human

origin (GenBank accession no. DQ193527).

N\

|
..

Table 4.9 Similarities and dissimﬂ@ng Ji6S i—R@uences of S.iniae obtained from

Thai tilapia, reference strain, other.fi

5 and human Strain.gited from GenBank databases.

Divergence

1123 ]34 7 % 9 L1011
1 [l os7 |99z 997 |58 997 | 9977 {997,997 [aza | 1 511 seq
2 |03 M 9s.9 1onaloog (000l9es 965 695 935 892 2 31 W3 seq
3 |08 |11 M oes 992 49,9 (989 vg 9 (989 (951 | 3 51 W4 seq
4 |03 |00 |11 o |100.0199.5" 895 | 39% |80.5|90.2 | 4 31 JWE S
5 |05 |03 |08|03 97 o 2| 92 /892 959 5 SIJWT . seq
6 | 03|00 |11 |00 |03 80571 9.5 1995 1992, 6 SIJwa.seq
7 |03 |05 11|05 08| 04 596 1666 999 990 | 7 AF 335572 56
8 |03 |05 11|05 08|05 04 56 |895 (980 | 8 AF335573. 560
9 |00 |02 |08 03|05 0a 010 39.9 [99.2 | 9 AYTE2259.500
10 |03 |05 |11 |oados los o1 losln 90 | 10 EUB22508 seq
11 |08 |05 |16 | 05 ET | 11 DO193627 sei

1 |2 | 3|45 |6 |7 0 1

: - 4

Note : SI JW1 and SI JW3 isolated from Mukdﬁlﬁ!ﬁl JW4 and SI JW&&)lated from Nakornpanum; SI JW7 and SI JW9 isolated

LT LSt St
X 2508, isolat 0 eshwater fish«in China; DQ

3527, isolated from human in

from Nongkai; AF335572, ATC
AY762259, isolated from frog in

Singapore.

AMIAINTAUMINGIAY
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Sequence determination and similarity analysis of sodA;,; fragment

Sequences covering 512 bp of sodA;,, fragment were used in the analyses. Six strains of S.iniae
from tilapia farming presented 100% sequence homology. Comparing of sodA;,; sequences from
other fish strains cited in GenBank databases, including USA (Z299176), France (AM490314) and
Australia (EU661272) showed nearly 100% of similarity; and 99.5-99.7% similarity corresponded
to the ATCC29178 reference strain (GenBank accession no. Z99176) (Table 4.10).

Their nucleotide sequences of the sodA;,, DNA fragment from S.iniae were deduced to amino acid
sequences. The derived amino acid sequences were compared with Mn-SOD from ATCC29178
reference strain (CAB16320) and another fish strain (CAM32425) as shown in Figure 4.13. The
multiple amino acid alignments suggested E‘Ed\kijw acid sequences were related to Mn-SOD

protein, thus implying the amplified PC }t@ u ; fragments.

Table 4.10 Similarities and dissiM@/ '

tilapia, reference strain and aquatic

T — " ‘J:'ﬁ‘k - -_—n
ergenifldentity— \

— 3

e

B, "@h\\w of S.iniae obtained from Thai
GenBa

Ge databases.

1 | 2 . -
1 ([l 0001000 897 . h1 SI w1 seq
2 |00 000t o 2 I Jw3seq
3 | o0 oo R 3 51w seq
204 |03]03]03 4 S wib.seq
= | 5 |03 |03 |03 o 5 S1WT e
§ 6 | 00|00 |00|03 |03 1 6 S1 W ser
7 |03 |03 |03 050 7 79917656
g |00 |on|o6dozlos|o AM490314 56
9 |00 |oo0 |ogas o 00 | 03 \ EUGE1272 560
1 | 2 ‘fj 4 |5 |6 =
I

f o ¥
Note : SI JW1 and SI JW3 isolat 0 hafiy S i 0, m; SI JW7 and SI JW9 isolated
from Nongkai; Z99176, ATCC2 i ed fi 01:301 in in USA; 9 , isolated fi fi§ in France; EU661272, isolated

from barramundi fish in Australia. "‘-l..l
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Figure 4.13 Multiple amino acid alignments of the manganese-dependent superoxide dismutase
(Mn-SOD) deduced from the sodA;,; fragment of S.iniae obtained from aquaculture.
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Note: Ala (A), Cys (C), Asp (D), Glu (E), Phe (F), Gly (G), His (H), Ile (I), Lys (K), Leu (L),
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SIJW1 and SI JW3 isolated from Mukdahan; SI JW4 and SI JW6 isolated from Nakornpanum; SI JW7 and
SIJW9 isolated from Nongkai; CAB16320, type strain of ATCC29178; CAM32425, fish strain from France
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Phylogenetic analysis of Streptococcus iniae obtained from diseased tilapia

The phylogenetic relationships of Streptococcus iniae in Thai cultured tilapia based on 16S rRNA
gene (1234 bp) and sodA;, fragment (512 bp). Nucleotide sequences of all 6 isolates were
addressed phylogenetic positions as shown in Figure 4.14 and 4.15. The phylogenetic tree showed
that all S.iniae strains were clearly separated from other species of streptococcus. The dendrogram
generated from the typing of 16S rRNA gene and sodA;, fragment revealed that S.iniae obtained
from clinical isolates and reference strains were indifferent (Table 4.11 and 4.12). The sequence
divergences between S.iniae and other species of streptococcus evaluated in this study were less
than 13% (4-12.5%) upon the 16S rRNA gene typing, but were more than 20% (23-34.6%) upon
the sodA;,, fragment comparison. Accordi
sodA;,; could be applied to differentiat
(Figure 4.15). .

enetic analysis, the partial sequences of
iniae from other streptococcal species

The typed nucleotide sequences PCR pr e addressed in GenBank
database under GQ169769 to GQ 0338313 Q338315 (16S rRNA) and
HMO004083 to HM004088 (sod. % (= : \

AUEINENTNYINS
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Figure 4.14 The phylogenetic tree generated based on the sequences of the S.iniae 16S rRNA
gene and other species of streptococcus.
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Figure 4.15 The phylogenetic tree generated based on the sequences of the S.iniae sodA
fragment and other species of streptococcus.
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Table 4.11 Similarities and dissimilarities among 16S rRNA gene sequences of S.iniae obtained from Thai tilapia and type strains.

The sequence similarities between S.iniae and other species of streptococcus were 95% (S.agalactiae), 90% (S.bovis), 94% (S.canis), 67.5%
(S.constellatus), 95.5% (S.dysgalatiae subsp. dysgalactiae), 94.5% (S. dysg&lfrz e subsp. equisimitis), 93% (S.euisimitis supsp. zooepidemicus), 95.4%
(S.porcinus), 94% (S.pyogenes), 88.5% (S.salivarius) and 93% (S.suis)

The sequence divergence between S.iniae and other species Of stréptococgus wete 4"_70' (S.agalactiae), 6.3% (S.bovis), 5.6% (S.canis), 12.5%
(S. constellatus) 4% (S.dysgalatiae subsp. dysgalactlae) 4.2.%‘(’5 dvsgala iae.subsSpregquisimitis), 6.4% (S.euisimitis supsp. zooepidemicus), 4.3%

Divergence

1 1 S.iniae 1. seq
2 2 Siniae W3 580
3 3 S.iniae w4 seq
4 b 4 S.iniae JWWE.seq
5 A 875 19539045 | 83.0 |956 941 |66.5 (830 5 S iniae W7 seq
6 80.3 ‘E.’[e_’;ﬁ?ﬁ rhes '“Eifﬁ_ 93.0 (954 1942 887 (930 6 S.iniae M4 seq
7 909 | 94.6 _,Eij'_-;_T_ 96 4 fa_ﬁ.'% 3.7 1959 (850|898 (938 | 7 S.iniae AF3354572. 580
8 29E1.7 | 93 841 948942 (917 947 |931 900|938 8 S.agalatiae ABODZ2479 52
9 5 9 S agalactiae AF015927 seq
10 10 S.hovis ¥58317.5eq
11 . 11 S.canis ABOD2483 seq
12 25 (125|131 (1258 (125|125 [12.2 (1049 12 S.constellatus Z69041 seq
13 |40 | 40 | 43 | 40 | 41 40 | 35 | 41 13 S.dysgalactiae subsp. dys. ABO0Z43:
14 |42 | 42 |45 | 42 | 42 | 42 ] 37 | 35 14 S.dyzgalactiae subsp. equi. ABODBA:
15 |64 | 64 | 65 | 6.4 | B3 | 6.4 ] 58 | 6.3 15 S.equi subsp. zooepidemicus ABODZ
16 43 | 43 | 44 | 43 | 42 | 437 34 |44 16 S.parcinus ABODZ25923 seq
17 52 | 593 | 548 |53 |54 | 437 458 | 24 17 S.pyogenes ABOOZ2521 seq
18 74 |75 |77 |78 |76 |78 4 BEBO BT 18 S.salivarius ¥58320.5eq
19 |66 | 67 |68 | 67 | 67 | 670 60 54 19 S.sUis AFOD947T seq
1 2 3 4 5 6 7 8
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Table 4.12 Similarities and dissimilarities among sodA ;,, fragment sequences of S.iniae obtained from Thai tilapia and type strains.

The sequence similarities between S.iniae and other species of streptococcus were 64.5% (S.agalactiae), 63% (S.bovis), 72% (S.canis), 62%

(S.constellatus), 70.3% (S.dysgalatiae subsp. dysgalactiae), 77% (S.dysgalar ; subsp. equisimitis), 64.4% (S.euisimitis supsp. zooepidemicus), 69.2%
(S.porcinus), 72.4% (S.pyogenes), 66.4% (S.salivarius) and 64.5% (S.suts). 4/

The sequence divergence between S.iniae and other species Of stféptococgus Wei‘e M 1% (S.agalactiae), 35% (S.bovis), 23% (S.canis), 34.6%
(S.constellatus), 25% (S.dysgalatiae subsp. dysgalactiae), 23:99% (S«dysgalatiae SUbSpuequisimitis), 33% (S.euisimitis supsp. zooepidemicus), 25%
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Phase III : The development of streptococcosis vaccine
Safety test

Safety of the injectable Streptococcus agalactiae FKC vaccine (whole cell S.agalactiae vaccine)
was tested by an intraperitoneal administration of 3 X 10° cell/20 gm body weight tilapia. Water
quality was monitored and carefully controlled during the period of the test (Table 4.13). All
moribund fish were sacrificed and examined for macroscopic lesions. External gross lesions were
ulcerative skin and fin erosion that may have caused by the stress response to status under

experiment conditions. Isolation of bacterial pathogens from brain and kidney of the moribund fish

was negative for streptococcus, however the infe eromonas hydrophila was found in cases

with external gross lesions. Groups. n-in] B-injected fish were maintained as
controls. The vaccinated fish, both C+ECP vaccine, retained survival

rates similar to those of control groups.(Fable 4.14). _ ult demonstrated that the injectable

ns 1 :'boratory conditions as described

Table 4.13 The mean + standard deviati wafk ; eters (pH, ammonia, nitrite and
water temperature) in each group: =

S. agalactiae FKC vaccine prepared fiof local
previously, was safe for tilapia. '

Water qualities TSB None

pH 7.4240.12  7.41+0.13
Ammonia (mg/l) | A20.51+0.24 2474007  0.39+0.21
Nitrite (mg/l) 7 0.0640.05  0.09+0.05 10140.03 0.03+0.03

295+0.50  29.3+0.47

Water temperature (OC) m 2>

Note: Group FKC, Formalin'Kdlled Cell (FKCyaccine; Group FKC+ECP, FKC added with

EiiiiifiﬁifnﬁiﬁﬂtW@W BRI PEBF T oc ot Grovp None
RIAINTUNRINYIAY
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Table 4.14  Safety test of the vaccine was evaluated in laboratory conditions. Following an
intraperitoneal vaccination of 3 X 10® CFU per fish (20 gm body weight), the survival rates of
vaccinated group were compared to the placebo vaccinated control (TSB intraperitoneal injection)
and untreated control. Dead fish were removed daily for pathogen identification.

Number of dead fish

Group FKC+ECP Control : None
R1 R2
Day 1 - -
2 . ,
3 . .
4 . .
5 , ;
6 , ;
7 . .
8 . .
9 . ,
10 - -
11 - -
12 - -
13 - -
14 - -
Total number of fish 10 10
Number of dead fish 0 0
Survival rates (%)* 100 100

Y
O‘F.:s (the Kruskal-Wallis one way

R = replication i
*Survival rates of each group were
analysis of variance by range). -

Group FKC, Formalin Killed Cell (‘K) vaccine; Groap FKC+ECP, FKC added with Extracellular

product (ECP) vaccine; cﬁ;ﬂﬂ Pacw) H:W wtﬂ (Tﬂ» ﬁ)ne, Untreated control.
AT NI ING Y
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Efficacy test

Determination of streptococcal vaccine efficacy with challenge test

Vaccine efficacy in the field trial was preliminary evaluated on the survival rates of the vaccinated
fish (two types of vaccines, FKC vaccine and FKC+ECP vaccine, at dosage of 6.0 X 10® CFU per
fish) and the non-vaccinated fish (two control groups, placebo vaccinated control and untreated
control). In addition, vaccinated and non-vaccinated juvenile hybrid tilapias (200 gm body weight)
were compared the growth performance i.e. individual body weight, average daily gain (ADG) and
feed conversion ratio (FCR) during 12 weeks of rearing. The cumulative mortality of the
vaccinated and non-vaccinated fish reared in es was shown in Table 4.15. Comparison
of mortality between the vaccinate : ish was not statistically significant (o =
0.05). Percentage of survival followi ion was 98.1% for vaccinated group
and 96.8% for non-vaccinated gr?r. . . i q ion in all moribund fish revealed
mainly hemorrhage at fin, opercul n 10, ‘ i 1 found in the moribund fish, both
the experimental (only mixed v, i wild fish, suggesting that the
streptococcal bacteria was presen ondition of the field trial. The water
quality parameters, including salini 4 __1 (ranged from 8 to 8.3) were

The growth performance, includi G and FCR of tilapia at 2", 3, 5"
8™ 10™ and 12" week post-vaccinati 4.16 to 4.18 and Figure 4.16 to 4.18. The
average body weight between vaceina (AON-VacC] ish was 277 and 274 grams (at 2™
week), 302 and 298 grams (at 3" wee d_— grams (at 5™ week), 475 and 460 grams (at 8"

) grams (at 12" week). The ADG between
grams (a6,2" week), 5.11 and 4.90 grams (at
(at 8" week), 4.31 and 4.13
] between vaccinated and non-
vaccinated fish was 0 90 and 0.96 grams T , 1.16 and 1@7 grams (at 3" week), 1.23 and
1.40 grams (at 5h week), 1.13 and 1.21 grams (at gh week), 1.32 and 1.38 grams (at 10" week),
1.41 and 1.41 grams (a a %W at different periods post
vaccination, did not dlffﬁ ugjth ]ﬁﬁw n \chpfﬁﬁups The results showed

that vaccination did not calise adverse effect o%the growth performance of rearmg tilapia.

awwaﬂmmumwmaa

Vaccrnated and non-vaccinated-fi
3 week), 4.93 and 4.40 gra"
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Table 4.15  Vaccine efficacy in cultured tilapia was evaluated in field trial following an
intraperitoneal vaccination of 6 X 10® CFU per fish (200 gm body weight). Vaccinated groups were
compared with non-vaccinated groups, including placebo vaccinated control and untreated control.
Dead fish were removed daily for pathogen identification.

Number of dead fish
Group FKC FKC+ECP TSB None
R1 R2 R1 R2 R1 R2 R1 R2
Total of fish 78 79 77 78 78 76 78 77
Week 1 - - - - - - - -
2 . - -
3 - 2 -
4 1 - -
5 1 - -
6 - - -
7 - - -
8 , - -
9 - 1 -
10 - 1 -
11 - - -
12 - - -
Total of dead fish 2 4 0
Total of survive fish 74 74 77
Survival rate (%)** | 9 96.1 97.4

R = replication .
* Not found bacterial infection
*#* Survival rate of each gtc
one way analysis of variafice by

Group FKC, Formalin Killed Cell (FKC) vaccine; Group F@C+ECP FKC added with
Extracellular pro ECP &dcine; Grov.| g Placebo Vaccmated control; Group None,

Untreated control ﬂ\ ? ‘w ﬂ
R8N0 wﬁwmé’ ]

([@.* 0.05) (the Kruskal-Wallis
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Table 4.16 and Figure 4.16 Body weight of vaccinated fish (at dose of 6 X 10® CFU per fish)
compared with non-vaccinated groups, including placebo vaccinated control and untreated control,
at week 0, 2, 3, 5, 8, 10 and 12 post-vaccination.

Body weight of fish * (grams)

Group FKC FKC+ECP TSB None
1 2 1 2 1 2 1 2
Week 2 290 270 280 270 285 255 @ 280 275
3 310 291 300 291 300
5 381 330 350 380
8 510 480 450 488
10 510 460 = 460 490
12 526 .. 565 521 524

* Average body weight wa
Four measurements were

9, : = -__—__. .
// n \\t\\\ of eight fish per measurement.

Group FKC, Formalin Killeg
Extracellular product (ECE
Untreated control.

; '\ p EKC+ECP, FKC added with
\\ accinated control; Group None,

=——FKC vaccine

Average weight (gm)
(98]
[
(e

250 ¢—FKC+ECP vaccine
lg . 7 O+ Control-TSB
1508 1 d E--O—Control—none
1004

50

0

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

weeks of post-vaccination
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Table 4.17 and Figure 4.17 The Average daily gain (ADG) of vaccinated fish (at dose of 6 X 108
CFU per fish) compared with non-vaccinated groups, including placebo vaccinated control and
untreated control, at week 0, 2, 3, 5, 8, 10 and 12 post-vaccination.

Average daily gain (ADG) * (grams per day)

Group FKC FKC+ECP TSB None
1 2 1 2 1 2 1 2
Week 2 818 636 727 636 773 5.00 7.27 6.82
3 5.50 5.00 4.55 5.00

5 5.32 3.82 441 5.29
8 5.74 5.19 4.63 5.33
10 4.49 3.77  3.90 4.20
12 3.93 4.40 3.87 3.90
*The average daily gain ({ ‘ n‘; factorin assessmg growth rates in most food

ma-}vvmgh (orams) — Initial weight (erams)

: arlng period (day)
i (FKC) eine up FKC+ECP, FKC added with
ne; Gboup ﬁ Placebo vaccinated control; Group None,

a’u St - 'w-

Extracellular product (ECP
Untreated control.

B FKC vaccine
B FKC+ECP vaccine
B Control-TSB

B Control-none

Average daily gain, ADG (gm)

weeks of post-vaccination
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Table 4.18 and Figure 4.18 The Feed Conversion Ratio (FCR) of vaccinated fish (at dose of 6 X
10® CFU per fish) compared with non-vaccinated groups, including placebo vaccinated control and
untreated control, at week 0, 2, 3, 5, 8, 10 and 12 post-vaccination.

Feed Conversion Ratio (FCR)*

Group FKC FKC+ECP TSB None
1 2 1 2 1 2 1 2
Week 2 076 098 086 098 081 125 086 092
3 1.08 19 119 1.19 130  1.19
5 1.12 ’ 156 156 135 1.13
8 1.00 | é iﬁl 111 124  1.08
10 1.26 1.3 22 150 145 134
12 1.47 131 149  1.48

*The Feed Conversion R:
used to produce one kilo o
ranged from 1.6 to 1.8).

Group FKC, Formalin
Extracellular product (ECP.
Untreated control.

Feed Conversion Ratio (FCR)

1.6

1.4

1.2

0.8

0.6

0.4

0.2

%

!
5\

et Group FKC+ECP, FKC added with
acebowaccinated control; Group None,

B FKC vaccine
B FKC+ECP vaccine
E]l Control-TSB

B8 Control-none

weeks of post-vaccination
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Specific antibody response post-vaccination

Serum agglutination titers of tilapia immunized intraperitoneally with FKC vaccine and FKC+ECP
vaccine (at dose of 6 X 10° CFU per fish) were tested with homologous S. agalactiae isolates.
Humoral immune response (HIR) after vaccination against streptococcus presented by the
agglutinating antibody were tittered at week 0, 3, 5, 8, 10 and 12 post-vaccination. The
agglutination titers of the different groups were shown in Table 4.19 and Figure 4.19. The titers of
serum antibody were reported as logjy of reciprocal of the highest serum dilution causing
agglutination (Annex 7). Prior to the vaccination, agglutinating antibody against S. agalactiae
ranged from 0.564 to 0.752. The mean agglutination titers continuously increased reaching higher
level at 3 weeks post-vaccination. The aggluti iters remained at significantly high levels
until 10 weeks post-vaccination. the titers decreased subsequently at
12 weeks post-vaccination (1.184+0.551 1.279+0.636 for FKC+ECP vaccine),
however, were significantly highei. The agglutination titer of the
placebo vaccinated control (TSB iajee was range 752 and comparable to the titer of
untreated control (0.432-0.639). Eish v ate : P ine and FKC+ECP Vaccine had

(p<0.05) (the Analysis of Varia
vaccine developed in the prese

hat an injectable S. agalactiae
duce specific antibody against

The kinetic levels of antibody responscfagainst-S- jae.in tilapia after vaccination with FKC
vaccine and FKC+ECP vaccine was/gi _ﬁ_ n Figure 420.° A primary antibody response after
vaccination was detected early at < 3 w ek tained a significantly high level until
10 weeks post-vaccination. Antibody fﬂerﬁfﬁec'rk subsequently when evaluated at 12 weeks

post-vaccination. The kineti els of 2 ating antibody reéspense in vaccinated tilapia is a
primary consideration to progre

HUEJ’WIEJWTWEJ']ﬂ‘i
QW’]Mﬂ‘ﬁﬂJﬁJW]’JWMﬂEJ
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Agglutination titers against S.agalactiae assayed by a direct

agglutination test. The titer reported as logjo of reciprocal of the highest serum dilution causing

agglutination.

The antibody titer of vaccinated group differ significantly from non-vaccinated
group evaluated at week 3, 5, 8, 10 and 12 weeks post-vaccination (p<0.05).

Antibody titer by direct agglutination test (log;o)

Group FKC FKC+ECP TSB None

Week 0 0.583+0.257 = 0.695+0.436  0.752+0.527 = 0.564+0.362
3 1.655+0.503 = 1.561+0.614  0.639+0.502 = 0.527+0.258
5 1.74940.643 = 1.599+0.500 0.414+0.308 ' 0.432+0.219
8 1.655+0.677 : ) 0.545+0.506 = 0.451+0.329
10 1.542+0.424 0.33840.150  0.639+0.424
12 0.489+0.288

Group FKC, Formalin Ki
Extracellular product (ECP
Untreated control.

Antibody titer (log10)

2.4

2.1

1.8

1.5

1.2

0.9

B FKC vaccine
B FKC+ECP vaccine
® Control TSB

0.6 -

0.3

A

week of post vaccination

7 Control none
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Figure 4.20 The kinetic levels of antibody response against S.agalactiae in tilapia after vaccination
with FKC vaccine and FKC+ECP vaccine. The placebo vaccinated fish (TSB injection) and
untreated fish were evaluated as control groups.
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Protection of streptococcosis in vaccinated tilapia

Challenge test was performed 10 weeks post-vaccination. Ten fish of each group were
intraperitoneal challenged with 0.5 ml of 1.5 X 10° S. agalactiae cells per fish. Mortality was
observed in non-vaccinated fish at 24 hours after challenge. The intraperitoneal challenge causes
100% mortality in untreated control and 90% in the placebo vaccinated control. Fish immunized
with FKC vaccine presented no mortality for 7 days after the challenge, whereas fish immunized
with FKC+ECP vaccine show 22% mortality. At the end of the experiment period (at the 21* day
post-challenge), cumulative mortality of FKC vaccinated group was 10% (FKC vaccine) and the
FKC+ECP vaccinated group was 33%. Streptococcal was not found in blood sample taken from all
vaccinated survivors. No significant differeneeti ival was noted between FKC vaccine and
FKC+ECP vaccine (a = 0.01) (the Mann-W wever, gross examination in survivors
revealed skin abscess containing strept ci ' erall, the survival rates of vaccinated
fish were a significantly greater tha ' able 4.21 and Figure 4.21). External
and internal macroscopic examinaii ed mainly hemorrhage of at the
base of fin, operculum and brain streptococcus infection (Table

The level of circulating specificganti Tesp : lenge was measured by direct
agglutination method and rep ighest serum dilution causing
agglutination (Annex 7). The agg S were found to be 3.461+ 0.158
(FKC vaccine) and 3.431+ 0.165 (F iéCC i of trial (21 days post-challenge).
This challenge resulted in a signifi€an ncrqg‘gé ‘ response. In addition, the non-
vaccinated survivor showed a signifi AeTease, 0L pi ..‘ antibody response to the challenge

ﬂUB’WI&lWiWEI’]ﬂ‘i
awwaﬂﬂmumwmaﬂ
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Table 4.21 and Figure 4.21 The percent cumulative mortalities in both vaccinated fish (at dose of
6.0 X 10® CFU per fish) and non-vaccinated fish were recorded after a challenge test at 10 weeks
post-vaccination. Each group of tilapia was challenged virulent S. agalactiae strain at dose of 1.5 X
10® CFU per fish by intraperitoneal injection. Three weeks after challenge, the percent cumulative
mortalities ranged from 10 to 33% of the vaccinated and 90 to 100% of non-vaccinated group. The
relative percent survival (RPS) of the vaccinated fish was significantly greater than the non-
vaccinated fish (p<0.01).

Mortality post-challenge

Group FKC FKC+ECP TSB None
Week 9 10
Total of fish 10 10
Total of dead fish 9 10
Total of survive fish** 1(S) 0
Cumulative mortality (%) 90 100
Relative percent surviva 0 0

Group FKC, Formalin Killedd Qe it & ’Q/a cine: Group FKC+ECP, FKC mixed
Extracellular product (ECP) va€cine; G:((b : Placebo vaccinated control; Group None,
Untreated control. der ,

* Survival rate in vaccinated grotip (EK&SJ”I iie and FKC added with ECP vaccine)

were different significantly fro ngg_ﬁﬂ’ccﬁ fed fish (placebo vaccinated control and
untreated control) (p<0.01) (the Kr'f'mE&W ¢ way analysis of variance by range

and the Mann-Whitney Test). _de i = A EEiis

v ‘
** All survivors were cﬁhflrmed the streptog)_ﬁ) microbiological

identification of the '{i}r.~.—--—:--:-:-:—.~.----:::t ------------------ 1l (21 days post-challenge);

120
110 - : C 11 e test

100
90 & =
80 - :

70 q \

gg \ == FKC+ECP vaccine

=@ Control-TSB

== FKC vaccine

% cumulative survival

40 \
30 =& Control-none

20
10




Table 4.22

streptococcus, was not found in all vaccinated survivors.
The vaccinated survivors those presented skin abscess neither retained systemic

Survivors.
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All survivors from the challenge were confirmed the streptococcal infection by
conventional microbiological identification of the blood sample. Bacterial pathogens, including

External lesions were noted in some

streptococcal infection identified using the bacterial culture nor histological alteration of the
visceral organs, spleen and intestine. Culture of the abscess content failed to recover streptococcal
bacteria whilst the histological examination of the skin abscess revealed fibrous connective tissue
surrounding debris (Appendix H).

Group Fish External lesions Streptococcus
in blood sample

FKC 1 NF R | , | NF

2 Ulcerative skin; He ' "ﬁ tODETel L and fin; Fin erosion NF

3 Abscess around the meuth; Fin erdsi - NF

4 Abscess around. theRotit; FileroSit s NF

5  Abscess around. thesm6Uihand|base in erosion NF

6  Abscess around the# K i NF

7  Abscess arouid | l’ﬁ/ “ NF

8  Abscess aroung ' NF

9 NF NF
FKC+ECP 1 Abscess aroug NF

2 Abscess around NF

3 NF ; NF

4  Abscess around tk NF

5 NF NF

6 NF NF
TSB 1 Abscess around the md (+)

Group FKC, Formalin Killed

KC added with Extracellular

product (ECP) vaccine; Group/LSBs-Placebo-vaceinated-conire Qb None, Untreated control.

NF; Not found, (+); positive

AU INENINGINS

AMIANTUUNIINYIAY



71

Table 4.23 Bacterial pathogens were isolated from target organs (brain and kidney) of the
moribund fish using conventional microbiological method. All dead fish of the challenge were

cultured positive for streptococcus.

Groups Fish Date of death*  Body weight  Body length Diagnosis

FKC 1 25/8/2009 Streptococcus

FKC+ECP 1 6/8/2009 Streptococcus + Aeromonas
2 6/8/2009 Streptococcus + Aeromonas
3 25/8/2009 Streptococcus

TSB 1 6/8/2009 Streptococcus
2 6/8/2009 Streptococcus
3 6/8/2009 Streptococcus + Aeromonas
4 6/8/2009 Streptococcus
5 7/8/2009 Streptococcus + Aeromonas
6 Streptococcus
7 Streptococcus
8 Streptococcus
9 Streptococcus

None 1 Streptococcus
2 Streptococcus
3 Streptococcus + Aeromonas
4 ! Streptococcus + Aeromonas
5 6/8/2009 Streptococcus
6 7/8/2009 Streptococcus + Aeromonas
7 7/8/2009 Streptococcus + Aeromonas
8 7/8/2009 Streptococcus + Aeromonas
9 7/8/2009 Streptococcus + Aeromonas
10 7/ 8@309 Streptococcus

* Fish were challenged on 4/8 10° CFU per fish).

Group FKC, Formalin Killed Cell'(FKC) vaccine; Group FKC+E .

, FKC added with Extracellular

product (ECP) vaccine; Group TSBY{ Rlacebo vaccinatédscontrol; Group None, Untreated control.

g INENTWETS
RIANIUUNINYAE



CHAPTER V
DISCUSSION

Phase 1: Pathobiological characterization of streptococcosis in farmed tilapia

Tilapia farming is major aquaculture in Thailand because tilapia are more resistant to
stressors than other commercial fish species. They are tolerant to physical or biological
changes in the quality of water and diseases commonly attack the fish culture. Resulting
from intensification of tilapia production in Thailand, the disease outbreaks have been
evident in several culture areas. Outbreak of streptococcosis in farmed tilapia have been
reported in all stages of tilapia farming anc %l»z vere economic loss. During the period
from 2003 to 2010, clinical cases of streptococ examined in tilapia farmed in the
middle, north-eastern and WCStC%;Of hawéﬁhe disease usually occurred in
summer, resulting in acute m@ﬁng he f@ys after the initial infection.
Clinically infected fish showed septiCefic nd,.iltiorf.\ei:z%aallly swimming, exophthalmia
with ocular opacity and abdéminal d S ."x\"’SkiIi"-pixgm tation, ulceration and skin
abscesses were also found i ' . ‘,‘_nq' lized h'e'iéxqc.)rrhage was found in many
visceral organs particularly brai ¢ g‘a&tréme tinal tract and genital tract. Clinical
features and pathologic findi 1 rmed tilapia reported in this study
were similar to many literatures, € ;'l&uremdez et al., 2004; Filho et
al., 2009; Lahav et al., 2004).” Clinical s ocoecosis has been reported in some freshwater
and marine fish, and symptoms € AP in later stages of the illness (Bromage
and Owens, 2002; Evans et al., = Many st have proposed that streptococcosis
seriously affects tilapia more than othef#ish spe ies. hang and Plumb in 1996 reported that
tilapia had a greater mortality rate thaiﬁéﬁﬁﬁ’hei-‘&%thip 24 hours of an inoculation and
had a mortality rate of u »t:;_\, 70% within 7 days of a@' ﬁ n. At the later stage of
infection, many streptococci infect the nervous sys rculation causing damage
of the central nervous systemj'.:as a result, the i elicﬁ erratic swimming (Eldar et
al., 1994). .

¢ o Qv
Histopathologic findiﬁﬁsﬁeﬁgi%i s%&] %pwfsl ilarto previous reports of
toffre

Perera et al. (1998), gen et al. (1996) and Bromage and Owens (2002). The lesions
consisting of inflammatory cells (predomﬁqantl macréphage and ly ocyte) and cocci
bacteria (pres@a f?nz‘} tacMQp% %’P%q%‘ﬂﬁa’af ah e.g. liver, gut,
intestine, ovaryand brain. This histological lesion supports that Streptococcus infection in
tilapia is severe generalized septicemic disease. Chang and Plumb (1996) explained that
streptococci attached to erythrocytes of tilapia and septicemia was related to the circulation of
erythrocytes. The bacterial cell and its extracellular product can damage many tissues
thorough blood circulation, inducing edematous swelling of cell in the liver, spleen, kidney,
gastrointestinal tract and brain. For instance, the lesion of exudative bacterial meningitis
showed damaging of brain tissue and infiltration of inflammatory cell around tissue that
related to clinical sign of erratic swimming (Bromage and Owens, 2002; Neely et al., 2002;
Filho et al., 2009). Histological evidence from hyaline droplet degeneration appeared from
the absorption of excessive amounts of protein that related to bacterial toxin causing tissue
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damage on the progressive disease (Filho et al., 2009). Kusuda and Hamaguchi (1989)
supported the hypothesis that Streptococcus can produce toxic substances, including
intracellular and extracellular toxin. Toxin produced from streptococcal bacteria could kill
yellowtail within 10 to 34 hours. Filho er al. (2009) explained the occurrences of
melanopigment in the liver and spleen of diseased tilapia that melanomacrophages in the liver
and spleen show phagocytic properties by proliferation and hypertrophy of macrophage for
antigen trapping and presentation to lymphocytes. Consequences of phagocytic properties
show cellular degeneration products as melanin pigment.

In this study, streptococcal bacteria were recovered from target tissue, including the
haematopoietic tissue of the head kidnex ‘

tilapia. Streptococci grew on blood agar dX)
hemolytic activity. The bacteria w@i’lpositw

catalase activity. Many publisl;?ﬂ;{ supﬁ)rte
for the detection of the causati a 0 3 0

Floyd, 2006). The bacteria camns
it can be found in the kidney
S. iniae was obtained aseptically o
containing nutritionally rich whole/blgod s

tryptic soy, heart infusion or gpepton )'dfls,s J
streptococci are fastidious espect 10" thé
Washington, 1991). Nguyen and
number of streptococci colonies on B op%'ars" was ne
spp. could be identified presumpti%i"yiib'y' hemoly
concentration of 3% blood was enoug&@@gab}q&@ation of hemolysis types of colonies
(Facklam and Washington,tlg?l; Nguyen and lf(anai, 1999). { '

“ =

In this work, a collection of-S/reptococcus spp. 1 m- diseased tilapia in different
regions was biochemically anﬂJ’geneticaify—c aracterized. Fortyt;LiX of 50 tested isolates were
identified S. agalactiae and 4 gwere S. dysgalactiae subsp. equisimilis based on the API
20STREP analytical fﬂ ﬂﬁﬁﬁmﬁwﬁ%ﬁﬁnae subsp. equisimilis
were tested similar tﬂ A . t'al=(2004)"explained that laboratory
identification of S. iniae from diseasedy fish can be, difficult, espgcially when using
commercial i ﬁ@@s@ﬂsﬁ)mﬁﬁ?ﬁgnﬂ e@o ercial system
includes S. in‘lgli 1ts ase. " At the cular level, the ﬂl ication with primers
that are species-specific to 16S TRNA gene of S. agalactiae (Martinez et al., 2001) and
S. iniae (Zlotkin et al., 1998) amplified a single band from all the tilapia isolates as well as
S. agalactiae ATCC13813 and S. iniae ATCC29178. Sequencing of the PCR products
revealed 98-99% homology of the sequence to the reference strains, thus indicating that the
employed PCR assay was specific for the corresponding streptococcal pathogens. The PCR
identification demonstrated that 2 different species of Streptococcus were involved in 139
clinical cases, S. agalactiae was found in 131 cases (94.24%) and S. iniae found in 8 cases
(5.75%). It was interesting to note that streptococcosis in farmed tilapia commonly occurred
in summer when the water temperature could be upto 33°C. Filho er al. (2009) and
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Shoemaker er al. (2000) suggested that high temperature water with higher than 28 °C, poor
water quality and fish density were considered as stressing factors that contribute to
streptococcosis. Unsuitable density of intensive cultured system led to the high levels of
mortality. Shoemaker er al. (2001) reported significant increases in mortality due to
Streptococcus infection occurred in tilapia held at density higher than 11.2 g/l because of
direct contact transmission.

Pathobiological study on streptococcosis occurring in farmed tilapia of Thailand indicates
clinical and histological findings as have been reported elsewhere. The disease was identified
by the conventional microbiological and DNA based techniques. Based on the PCR assay, at
least 2 species of streptococcal bacteria, QS&&? ige and S. iniae, were involved in tilapia
streptococcal infection. The genotypm&of t gents showed that S. agalactiae was
the dominant species that caused smocosm 1n- ia culture.

— 'J

Phase 2 : Phylogenetic ana{ : tigocci{%by specific gene sequence

comparison

;of the organﬁm characterize the members
of the bacteria and find out thegaxonomi 0 o t bactengl strains (Alber et al., 2004;
Athave been used for the genetic
identification of many bacteri 1g 1. \Inaddition, gene sodA encoding the
superoxide dismutase A (sodA;y T " ':_f;' “sed for the molecular identification of

/]

' " 3 _2 bps. DNA sequence of the PCR

products were used for phyijgenetlc analys1s ‘ Yo {aki etﬂ 999) supported that a size

less than 400 bps was en0u¥ o determine the phylogenetic ofastram
The taxonomic analysis baifp on 16S rRNA equegﬂes was used to determine
phylogenetic relationships among members of the genus Sireptococcus. For instance,

classification of Strep, zed in S.phocae from
Atlantic salmond (Roﬁ i\j % %éi m%g WT.‘fﬁnﬁe from fish (Kvitt and
Colorni, 2004), S. agaliictiae from human and bovine (Sukhnannand ef al., 2005), the mitis
group within St In the present
study, the parﬁ] mﬂpﬁﬁ ﬁum lﬁ%ﬁ%@ﬁ f S. agalactiae
and 6 isofates of S. iniae from diseased tilapia. These sequences were compared with
reference strains reported in other animal species, including fish. All 6 strains of S.
agalactiae exhibited more than 99% DNA similarity with reference strains (other fish strains
and human strains) but showed more than 5% divergence to bovine strain and feline strain.
Level of 16S rRNA sequence homology of S. iniae in all 6 strains presented more than 98%
DNA homology with reference strains (other fish strains and human strain). A 100%
homology was found in every isolates compared to the corresponding species of the reference
strains, S. agalactiae strain (ATCC13813) and S. iniae strain (ATCC29178). The results
clearly demonstrated that 16S rRNA sequencing for classification of both S. agalactiae and
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S. iniae clinical isolates based on accurate type strain sequences showed nearly 100% DNA
similarity. Stackbrandt and Goebel (1994) started that 16S rRNA sequence analysis can be
used to determine the phylogenetic divergence of prokaryotic species when the levels of
sequence homology are less than 97%. Song et al. (2003) explained that the 16S rRNA gene
sequence analysis is normally use for bacterial classification and identification owing to its
high accuracy. The features of this molecular target (particularly 16S rRNA gene) and
variable regions at the presence of species specific were useful and essential task for bacterial
phylogenetic analysis and detection of clinical isolates (Weisburg et al., 1991).

Alternative target genes, partial sodA gene encoding the superoxide dismutase A (sodA;u
fragment) which has been proven to be useiL‘!! /nolecular identification and phylogenetic

analysis of various gram-positive bacteri 1998; Poyart et al., 2000). For
instance, classification of StreMQus Wi iy fragment was analyzed in
S. dysgalactiae subsp. dysgalacnmfarmkd f@oto et al., 2008), Streptococcus
isolates from human (Hoshinos _5) nd S, agalactiae (Poyart et al., 2001). In
addition, the use of species-spegi Jedti e pmqn%ﬂquodA genes to improve future
diagnosis of Streptococcus spé €S W ted by Alberer al. (2004). In the present
study, sodA;,; fragment amplificati lied, : sigh thhylogenetlc relationships of

S. agalactiae and S. iniae obt ! filapia., All strains of S. agalactiae
presented more than 98.4% il ,..:' ith reference strain (ATCC13813, non-
hemolytic strain), the DNA si _ '; S imilar charateritics of the testd strains

and the reference strain, such as fytic. Seque logy of all tilapia S. iniae also
showed nearly 100% DNA homiol | ; (ATCC29178, fish strain). The
amplified PCR products of this nfirmie internal fragment of the gene
encoding manganese-dependent supero;ﬂ% d1sMn SOD). Sequences of sodA;.
fragment from both S. agaﬁzctzae and S. iniae isp ayed‘ close relationship within the
species. This result couldl- Aso-be-econtitined-by-dendiogiam-analysis of sodA;, fragment
sequences of both species afd, various other strep oWn in Figure 4.11 and 4.15.
Smith and Doolittle (199@ explained  th superox1deu dismutases (SODs) were
metalloenzymes, of which Mn%OD and FeSOD were present in prokaryotes that probably
diverged from a comﬂ; amﬂ:ﬁ%;ﬂﬁn 1ze the gram-positive
bacteria (Nakayama, ligl w es the sodA partial gene
sequencing, partlcularl sodA;,, fragment, gwas useful fg the 1dent1flcai9n of members of

e WIANTIEUHR 1IN 1A E

Comparative anilysis of internal parts of the sodA gene and 16S rRNA gene of S. agalactiae
and S. iniae from diseased tilapia with corresponding sequences of other Strepfococcus

species appeared that representative strains of S. agalactiae or S. iniae formed a single cluster
that was distinguished clearly from other species of genus Streptococcus in phylogenetic tree.
Clinical S. agalactiae or S. iniae strains from different areas did not indicate geographic
variation. Kawamura et al. (1999) concluded that the evolution rate of the sodA gene was
much faster than the 16S rRNA gene, and would be useful in differentiating genetically
closely related organisms.
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In conclusion, Typing of Streptococcus-specific PCR products by DNA sequencing revealed
that 16S rRNA gene and the sodA partial sequence analysis are applicable for genetic
classification of the streptococcal bacteria. Phylogenetic tree generated based on 16S rRNA
gene and sodA;,, fragment discriminated S. agalactiae or S. iniae from other species of genus
Streptococcus.  Sequencing the chromosomal regions of 16S rRNA gene and sodA;,
fragment suggested that the strains of S. agalactiae and S. iniae from different areas of tilapia
rearing in Thailand did not exhibit geographic variation. Phenotypic and genotypic
differences of streptococcal pathogens from tilapia reared in Thailand could be considered for
the development of suitable streptococcosis vaccine for tilapia aquaculture.

\\ 1/,
Phase 3: The development of strep&'b::ccosis v
- ‘

Streptococcus vaccine has been dev
in aquaculture. The developmeén
species and their antigenici
farming indicates that S. agala

ied to control streptococcosis
y the variety of streptococcal
k‘ ptococcosis in Thai tilapia
. ecics caﬁs&g streptococcosis in cultured
TRINA'g ne e_m_dm e odAypfragment of S. agalactiae from
1 i are identical. In the present study,
the formalin-killed vaccine developgd from: hole extracellular product of the local

Lt

Safety test of vaccine was aSsesSe __Pij i ingerings, survival rate post-
vaccination in each group; FK a [ vaccinated, placebo vaccinated
control and non-vaccinated control was lﬁfdlffl rent
no serious adverse effects v&cﬁre 1dent1f" ed Thorélig ’ 5 accination. The prepared
vaccines (FKC vaccine an\% eombined .
negative impacts on tilapia‘péformance. The resu ency with other studies in
fish vaccination, for instanc J‘ survival rate"e ccmatlopj with streptococcal vaccine
showed 91.7% in trout (Akhla%hl et al., 1996) and 100% in tilapia (Shelby et al., 2002).
In the present study specific agglutinating
antibody. Vaccmateﬂau;%.ﬁﬁﬁqﬂﬂdmtﬂ d) showed increasing
agglutinating antlbody{Hters against homoLogous strain of S. agalactzae for 12 weeks post-
vaccination aaac ﬁ m bs'] a d maintained a
low level tit MO iﬁnﬁe m h muﬂﬂ]ﬁ 1d be used to
determine the tﬁne for vaccination (Pasnik e al., 2005). This result is in agreement with
those recorded by Akhlaghi er al. (1996); Klesius et al. (2000) and Shelby et al. (2002).
They found that antibody titers stimulated active immunity by a single intraperitoneal (IP)
injection of Streptococcus vaccine were significantly higher than non-vaccinated group in
tilapia (Akhlaghi et al.,1996; Klesius et al., 2000) and trout (Shelby et al., 2002).
Agglutination reactions between homologous and heterologous strains of S. agalactiae were

indifferent.  The results of immunological analysis were correlated with molecular
characterization of S. agalactiae as described previously.

lso found no evidence of
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The efficacy of vaccine was also proven by an intraperitoneal challenge and detection of
antibody level following a challenge on vaccinated group. Nordmo and Ramstad (1997)
indicated that the determination of vaccine efficacy with challenge by an intraperitoneal
injection was a reproducible and reliable means because each individual fish received
certainly a uniform challenges. Tilapia vaccinated with FKC vaccine and FKC+ECP vaccine
were challenged by intraperitoneal route at 10 weeks post-vaccination. The fish were
protected against lethal challenge with the virulence of S. agalactiae strains (3X10® CFU per
fish). Survival rates of non-vaccinated fish (0-10%) were significantly lower than FKC
vaccinated group (90%) and FKC+ECP vaccinated group (67%) (o = 0.01), and survival rates
of both vaccinated groups were not different. Many published reports indicated that

injectable Streptococcus formalin-killed VQ\C& intraperitoneal route provided a high
survival rate in tilapia and other species of fis nce, FKC and combined FKC+ECP
vaccines of S. agalactiae and %mcrease vival of tilapia and stimulated

systemically immunity (Evans e

showed 90% survival rates after chi
formalin-killed S.difficile andsi
challenge (Eldar et al., 1995)4

. aombm_eﬁ :EE+ECP vaccine from of S. iniae
afe (Klesius et a.l\j‘z) Vaccine produced from
(fradt éifficiently pretected tilapia against a lethal

I d ‘ells with and w1thout ad]uvant vaccine

) resent study indicated that anti - S.
1rﬁra eri oneal 1nJect10n of FKC vaccine or

ceine had a therapeutic effect to
: least 10 weeks post-vaccination.
or time period of a therapeutic vaccination
effect to stimulate a response and cai ;lgg; th Mﬁn (Evans et al., 2006; Rhodes et al.,
2004). Agglutinating antledy titer of surv1vors from Vm# jnd non-vaccinated tilapia

evaluated post-challenge iv-f' higher than prior to challenge ] This phenomenon was
explained by Shelby et al. ( 2) that tilapia cou onse jth a primary and secondary
anti-streptococcal antibody response after active immunization”and challenge with virulent

Streptococcus. The secondary fesponse was significantly higher than the primary antibody

response and coincidd® winihni 3 SlBiacarll 27 719

The fact that fish haveydaptlve and innate eellular i immune defenses tha&_}s not unlike those
of the mamma@rﬁeﬁjﬁﬁl nmﬁ%qﬁwﬂﬁiﬁ , T cells and B
cells as well ytes predominant
1mmunoglobuhn in blood is IgM produced from immunological organs, including thymus,
the anterior part of kidney and spleen. A secondary antibody response in fish shows
enhanced antibody titers and accelerated antibody responses, its immunological memory to
control infectious disease (Press and Lillehaug, 1995). Thus, immunization with
S. agalactiae vaccine alone resulted in the enhancement of specific antibodies (as protective
antibody) and protection of Nile tilapia against S. agalactiae infection. Vaccine efficacy can
antagonize bacterial replication or eliminate bacteria thereby reducing mortality (Evans et

al.,2006; Pasnik et al., 2005; Sako, 1998) and decreasing of disease outbreak (Pasnik et al.,
2005). By an injectable vaccination, significant protection is achieved by actively
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immunizing fish, which could induce humoral mediated responses, cell mediated responses
and possibly non-specific responses of fish to the immunogen components of bacterial cells
(Kakuta et al., 2004). The protective antibody in the serum acts as opsonins and antibacterial
factors may act in conjunction with complement in a direct bactericidal response or aid
phagocytes in their ability to engulf and kill Streptococcus (Shelby et al., 2002; Shutou et al.,
2007).

Although the comparative efficacy between FKC and combined FKC+ECP vaccine showed
that the FKC+ECP vaccinated fish had lower survival rates than the FKC vaccinated fish, the
ECP generally recognized as soluble antigenic factors produced from pathogens. Klesius et
al. (2000) suggest that protective antibody onse is dependent on the antigenic
' cine. Extracellular products (ECP)
h pathogens (Pasnik et al., 2005).
d at 30 KDa of S. iniae and
components of ECP from
ainst Streptococcus by the
se ECP was able to stimulate
f ECP (Evans et al., 2006)
n after inoculation (Eldar et

For example, ECP produced frous
20 KDa of S. agalactiae. '
Streptococcus were therapeutig

phagocytic activity following
and to provide antibody agai

Formalin killed cell vaccine agaimst §.- dictiaeladministered by intraperitoneal injection
. ‘ The immunization
protected the vaccinated tilapia from adethal dose llenge of streptococcal pathogens and a
concurrent secondary response was app fy-ove C primary response to the vaccine, thus,
1ndlcat1ng the role of memory and re'eﬂ” i "} f/fhe’ Vertebrate_immune system in tilapia.

ﬂUB’WI&lWiWEI’]ﬂ‘i
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CHAPTER VI
CONCLUSION

Streptococcosis has been well recognized with the intensification of aquaculture and has
economic consequences on fisheries in many areas of the world. Different species of
streptococcal bacteria are pathogenic to fish, however S. iniae has been reported as a
significant contributor to the damage of aquacultured fish. Due to the commercial growth of
tilapia culture in Thailand, streptococcal infections are becoming a major threat to Thai
tilapia industry. Study has indicated that streptococcosis causes production loss in all regions
of tilapia farming in Thailand. The subclinical infections result in a retarded growth rate and
poor meat quality yield, while mortality \Ep\z E} eyident in acute cases.

Pathobiological study on streptoc@gftcurﬁr/@ed tilapia of Thailand indicates
clinical and histological findings?:e sHeen ﬂpoqere. The disease was identified
by the conventional microbiol A bas d 1 . Based on the PCR assay, at
least 2 species of streptococ ‘ cti imiae, were involved in tilapia
streptococcal infection. The g owed that S. agalactiae was

the dominant species that caused lapia culture

Typing of streptococcus-spe eq ‘ﬂéing revealed that 16S rRNA
gene and the sodA partial se ble for genetic classification of the
streptococcal bacteria. Phyloge “based on 16S rRNA gene and sodA;,
fragment discriminated S. agalacti Siniae from other Species of genus streptococcus.

Sequencing the chromosomal regiohs 6f:-16S 1R

the strains of S. agalactiae and S. iniag}ﬁgq% diffete
not exhibit geographic Varialﬂ)n. :

e and sodA;,, fragment suggested that
eas of tilapia rearing in Thailand did

b A 4
i f g

Formalin killed cell vaccing against S. >d. Dy intraperitoneal injection
provided sustained protectiogor ‘at le post-vacCination. The immunization
protected the vaccinated tilapid from a lethal dose challenge of Streptococcal pathogens; and a
concurrent secondary response \gaﬂup arently ovefithe primary response to the vaccine, thus,
indicating the role of ﬁ%ﬂ@c@}n&}% @ %i!%iate iﬁn@e system in tilapia. In
addition to the vaccineféfficacy, the developed vaccine was shown safe in clinically healthy
juvenile tilapia. intraperitoneal _injectable vaceite did_not inddce any observed
histopathologiél ﬂcﬁ]tﬁh&vﬂﬁt sma% Q%eﬁo&}é]ﬁ@l measurement
for streptococco8is control in Thai tilapia aquaculture. However, further studies may resolve

the time kinetics of protective antibody response in tilapia fingering following an
intraperitoneal vaccination to allow an appropriate vaccination programme for tilapia rearing.
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This investigation documented the first prevalence of streptococcosis in tilapia culture in
Thailand whereby the genotyping of the etiologic agents showed that S. agalactiae was the
dominant species that caused streptococcosis in Thai tilapia culture. Phylogenetic analysis to
characterize the member of bacteria and their taxonomic portion revealed high sequence
similarity (> 97%) with the corresponding portion of fish pathogens, S. agalactiae and
S. iniae genome. Streptococcosis vaccine developed from formalin killed whole cell was
demonstrated for its efficacy in protection against streptococcosis. Active stimulation of
specific antibody titers were evidently sustainable for at least 10 weeks following a single
intraperitoneal vaccination. The immunized tilapia were shown to possess protective
antibody level with a lethal dose challenge of streptococcal pathogens. Whilst the current
control of streptococcosis in farmed tila to antimicrobial treatments, the success

in active immunization against stre ﬁnt study elucidates an alternative
mean to control this disease in Thais : '
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APPENDIX A
Equipments and Chemicals
Equipments

- Incubator (SANYO ELECTRIC, Japan), Shaking incubator (BIOSAN, Latvia), Centrifuge
(IEC, USA)

- Vortex mixer Geinie 2 (Scientific Industries, USA)

- PCR thermalcycler (Perkin Elmer), Electrophoresis (Bio-Rad, USA), UV transilluminator

- Analytical Profile Identification (API) 20 P (Biomerieux, France)

- McFarland standard : 0.5, 4 McFarlan,
- Qiagen DNeasy Tissue kit (Qiagen
- Volumetric flask, Beaker, Micr
- Petridish, 96-well microtiter pl

tube cap, Micropipette
——

Chemicals

- Tryptic Soy Agar (TSA) (O
- Sodium chloride (NaCl) (Mer :
- Gram’s stain : Crystal-vio on (Gram’s iodine), Decolorizer (Ethyl alcohol
70%) and Safranin solution ; ’
- Hydrogen peroxide (H,0;) 3 \ i '
- Tag polymerase, dNTP and PC + (INtRON'Bi6technology, USA)

- Ethidium bromide (Sigma Aldrich
- Absolute ethanol (Merck, Germany
- Tris base (Merck, Germa Y
-0.5M EDTA, pH 8.0 (GIBCO ",
- Lysozyme (Bio Basic Inc., J[ nada)
- Proteinase K (Roche, USA)
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APPENDIX B

Processing of tissues preparation for histology, including of dehydration, cleaning
and infiltering (Modified from Gridley, 1949)

|_ CLE4
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Chloroform
100%
Almhoi ) Clllmi:rm
Step6 ™ ep8
100% AN "
Alcohol : Paratfin
Step5 , : RN Step9
\ .
s o -:f o
o Alcshol — Pargfiin -
< Stepd s AT Step10 =
o p * =
o My =
> Wiy =
e o - _ =
& ’ ' b : 3 ' 630 AM
Step3 e
- 7' a2 :‘. .:JJ Stepll
95% — 1
Alcohol eI AT M
t Stop
Alcohol

AULTTEMENEINT
RN IUNRINYIAY



Day 1

Day 2

-

91
APPENDIX C

Procedures of DNA extraction with DNA-binding spin column
(NucleoSpin® Extract I, Germany)

Subculture streptococcus in Tryptic Soy broth (TSB)

Incubate for 18-24 hours at 33°C
l in shaking incubator at 100 RPM

Centrifuge for 15 mins at 15,000 g and
Discard supernatant (TSB)

Wash streptococcal cell solution (NSS) 3 times

Adjust densi ( 1 cetbat0.5 McFarland
|/ ""n..\
"«.; ins at 15,000 g and

\\-. |

Add 18 an | otetnase K

.*-u column
ge for 1 minute at 11,000 g
and Dlscard solution

ﬂu&i@%ﬁ%@?‘w 8113

Centrlfuge for 1 minute at 11 OOO g

ohile mmmmﬁﬁm Ay

l Centrifuge for 1 minute at 11,000 g
and Discard solution

Transfer DNA-binding column to new microtube
Add 100 pl of Buffer BE (warm buffer at 70°C before use)

l Incubate for 1 minute at room temperature and
Centrifuge for 1 minute at 11,000 g

Store bacterial DNA at -20°C for PCR identification
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PCR primer design

PCR primer design for 16S rRNA gene of S.agalactiae and S.iniae

92

1. The full length of S.agalactiae and S.iniae 16S rRNA gene (approximately 1450 to 1530

bp) obtained from GenBank nucleotide database (Accession no. of S.agalactiae e.g.
AB002479, AF015927, EF092913, DQ985468 and S.iniae e.g. AF335572, AY762259,

EU075069, respectively) was aligned all of t
The red label showed the variable re
S.iniae.

uences and reported consensus sequence.
NA gene between S.agalactiae and

5 55
EU075069 AGAGTTTGAA 2{ofe 1 GCAAGTAGAA
EE002/ NS SR s e = - AGAA
NEOILECRT e === efe GCAAGTAGAA
EF092918 @ semmm—mm—== == ) L% W GCA-GTAGAA
DQ985468 @ ——m—m—mmm—m —o . et N T ——————- GARA
AF335572 —AGAGTTTGA ( GCAAGTAGAA
AY762259 ——mmmmmmm GCAAGTAGAA
Clustal Co xokx
Consensus ARRRKTTKRA GCAAGTAGAA
N Y ig... - % . O e O
65 Fi 105 115
EU075069 CGCTGATGTT TGGTGTUAC ACHA LGAGHT GAACGGGTGA GTAACGCGTA
AB002479 cec--fiacliT TGGTG 3} g : GAACGGGTGA GTAACGCGTA
AF015927 CGCTGAGGTT TGGTGETTAC At TGAGTTGC GAACGGGTGA GTAACGCGTA
EF092913 CGCTGAGGTT TGGTGETTAC ACTA _ TTGC GAACGGGTGA GTAACGCGTA
DQ985468 CGCTGAGGAT TGCTTGC ACTAAT-#CC AAAGAG GAACGGGTGA GTAACGCGTA
AF335572 CGCTGAGGAT EgiTGCTTGC ACTAAT--CC AA; AACGGGTGA GTAACGCGTA
AY762259 CGCTGAGGAT ) GTAACGCGTA
Clustal Co * Kk % *x % ,_ Fx XA x kA xh*x *hkrkrAkrkhkxkxk
Consensus CGCTGRDGDT GCﬁ\ACGGGTGA GTAACGCGTA
ol . ceee ..| B N R I
125 145 155 165 175
EU075069 GGTAAC CGCATHAG
AF015927 GGTAAC AG AACTA "TTGG GA 'TAGCT CGCATHAG
EF092913 GGTAACCT, CTCATAGCGG GGG TFAACTA TTGGAAACGA TAGCTAAT c CGCATHAG
DQ985468 GT TC CGG GGG CTAA CATGANAC
G e e
AY762259 TGGAAAC ATGAYAC
Clustal Co * ** *khkk ok kkkkhkkhkhkhkk khkkhkhkhkhkhkhkk khkkkhkhkhkhkhkk kkkkkkkkkk kkkkk ok ok
Consensus GGTARCCTRC CTCATAGCGG GGGATAACTA TTGGAAACGA TAGCTAATAC CGCATRASAS
B e I B e T e I I e
185 195 205 215 225 235
EU075069 ACAC ATGT] i TTAAAAGGA GCAATTGCTT CACTETGAGA TGGACCTGCG
AB002479 CAC ATGT TTAAAAGGA GCAATTGCTT CACT@TGAGA TGGACCTGCG
AF015927 ACAC ATGT| TTAAAAGGA GCAATTGCTT CACT@TGAGA TGGACCTGCG
EF092913 CAC ATGT TTAAAAGGA GCAATTGCTT CACTTGAGA TGGACCTGCG
DQ985468 TAGAGTACAC ATGTACTTAA GTTAAAAGGA GCAAJIGCTT CACTATGAGA TGGACCTGCG
AF335572 TAGAGTACAC ATGTACTTAA ITTAAAAGGA GCAATTGCTT CACTATGAGA TGGACCTGCG
AY762259 TAGAGTACAC ATGTACTTAA GTTAAAAGGA GCAATTGCTT CACTATGAGA TGGACCTGCG
Clustal CO * * *kok ko kok koK * K *hkhkkhkkhkkk kkkk *hkhkk khkkk kkkkk kkkkkkkkkk

Consensus TARWKWACAC ATGTWVKTWA KTTAAAAGGA GCAATTGCTT CACTRTGAGA TGGACCTGCG
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R I
245
TTGTATTAGC
TTGTATTAGC
TTGTATTAGC
TTGTATTAGC
TTGTATTAGC
TTGTATTAGC
TTGTATTAGC

kAR kA Kk kK Kk Kk

TTGTATTAGC

R
305
GAGGGTGATC
GAGGGTGATC
GAGGGTGATC
GAGGGTGATC
GAGGGTGATC
GAGGGTGATC
GAGGGTGATC

* ok k ok ok ok ok ok ok ok

GAGGGTGATC

R
365
AGGGAATCTT
AGGGAATCTT
AGGGAATCTT
AGGGAATCTT
AGGGAATCTT
AGGGAATCTT
AGGGAATCTT

kkkkk kK Kk kK

AGGGAATCTT

N I
425
TTTCGGATCG
TTTCGGATCG

TTTCGGATCG %

TTTCGGATCG
TTTCGGATCG
TTTCGGATCG
TTTCGGATCG

Ak Kkk KKk Kk kK

-
255
TAGTTGGTGA
TAGTTGGTGA
TAGTTGGTGA
TAGTTGGTGA
TAGTTGGTGA
TAGTTGGTGA
TAGTTGGTGA

Kk kA Kk kK Kk kK

TAGTTGGTGA

P I
315
GGCCACACTG
GGCCACACTG

GGCCACAC
GGCCACA
GGCCAGEH
Kok Kk kK kK Kk

GGCCACAC

c p)
CGGCA
CGG@RAT@GE
CGGCARFGG
CGGCARTGEA
CGG@AATECA,
CGGCAATEGA

* Kk Kk ok Kk * K

CGGCAATGGA

%
b
-3
T G

CTCTG
* Kk Kk k% * Kk Kk x

GGCCACACTG
GGCCACACTG,

R I
265
GGTAARGGCT
GGT GGCT
GGTAABRGGCT
GGT GGCT
GGTAACGGCT
GGTAACGGCT
GGTAACGGCT

khkkhkk Kk KkKk

GGTAAMGGCT

R -
325

GGACTGAGAC

.;A«fﬁ'.

ARCTGC lh

> ACCGAGCAA

GGAAE

C

AV 2 ¥ 7 e W W

CTCTG TTGTTAGAGA

Ak Kk kK Kk Kk kK

***r’*m ~:"'

|
275
CACCAAGGCG
CACCAAGGCG
CACCAAGGCG
CACCAAGGCG
CACCAAGGCG
CACCAAGGCG
CACCAAGGCG

Kk kA Kk kK k kK

CACCAAGGCG

R I
335

ACGGCCCAGA

ACGGCCCAGA

R I
285
ACGATACATA
ACGATACATA
ACGATACATA
ACGATACATA
ACGATACATA
ACGATACATA
ACGATACATA

Ak kKA Kk KKk Kk Kk

ACGATACATA

R
345
CTCCTACGGG
CTCCTACGGG
CTCCTACGGG
CTCCTACGGG
CTCCTACGGG
CTCCTACGGG
CTCCTACGGG

W**********
( CAGA CTCCTACGGG

ARG, GCCGCGTGAG

ACCGAGEAAC

@CGAGCA?

ok ok ok ok ok kK

GAGCAAC

A7\

RACGGTAANT
AGAACGGTAA

KKk KkKkkKk Kk

CGCGTGAG
CGCGTGAG
GCCGCGTGAG
CCGCGTGAG
GCCGCGTGAG

Kk Kk kkkkkkhk kK

GCCGCGTGAG

el
465
TlcGAGTGGA
TlcercTGeA
B GCAGTGGA
wlldcacTeea
EGGGAGTGGA
GGAGTGGA
GGGAGTGGA

* kk Kk kK Kk kK

TTTCGGWW? VET WS

485

495

505

GTGACGGTA ACTAACCAGA AAG ACGGC

CGTGACGGTA
CGTGACGGTA
CGTGACGGTA

kAKX KKk Kk kK

MGTGACGGTA

ACTAACCAGA
ACTAACCAGA
ACTAACCAGA

KAk kK kK Kk kKK

ACTAACCAGA

AAGGGACGGC
AAGGGACGGC
AAGGGACGGC

Ak Kkk KKk Kk kK

AAGGGACGGC

515

525

.|
295
GCCGACCTGA
GCCGACCTGA
GCCGACCTGA
GCCGACCTGA
GCCGACCTGA
GCCGACCTGA
GCCGACCTGA

Kk kA Kk kK k kK

GCCGACCTGA

P |
355
AGGCAGCAGT
AGGCAGCAGT
AGGCAGCAGT
AGGCAGCAGT
AGGCAGCAGT
AGGCAGCAGT
AGGCAGCAGT

* Kk ok k ok ok ok ok ok ok

AGGCAGCAGT

P I
415
TGAAGAAGGT
TGAAGAAGGT
TGAAGAAGGT
TGAAGAAGGT
TGAAGAAGGT
TGAAGAAGGT
TGAAGAAGGT

Kk kkkkkkkkk

TGAAGAAGGT

[ I

475
AAATC
AAATC
AAATC]
AAATC]
AAATCCATTA
AAATCCATTA
AAATCCATTA

*k Kk kKK K *

AAATCYAYYA

A
A
A
A

-
535

TAACEGTG CCAGCAGCW CGGTAATACG

TAATACG
AACT < TAATACG
T A GG A C G AACTA! G G GC C GTAATACG

TAACTACGTG
TAACTACGTG
TAACTACGTG

KAk KKk Kk Kk kKK

TAACTACGTG

CCAGCAGCCG
CCAGCAGCCG
CCAGCAGCCG

Ak kk KKk Kk kK

CCAGCAGCCG

CGGTAATACG
CGGTAATACG
CGGTAATACG

KAk Kk Kk Kk Kk Kk kK

CGGTAATACG

93



EU075069
AB002479
AF015927
EF092913
DQ985468
AF335572
AY762259
Clustal Co
Consensus

EU075069
AB002479
AF015927
EF092913
DQ985468
AF335572
AY762259
Clustal Co
Consensus

EU075069
AB002479
AF015927
EF092913
DQ985468
AF335572
AY762259
Clustal Co
Consensus

EU075069
AB002479
AF015927
EF092913
DQ985468
AF335572
AY762259
Clustal Co
Consensus

EU075069
AB002479
AF015927
EF092913
DQ985468
AF335572
AY762259
Clustal Co
Consensus

R I

545
TAGGTC
TAGGTC
TAGGTCECGA
TAGGTCHCGA
TAGGTCTCGA
TAGGTCTCGA
TAGGTCTCGA

khkkhkkKk KKk Kk

TAGGTCYCGA

CGA
CGA

el
605
TCTGAAGT
TCTGAAGT]
TCTGAAGT
TCTGAAGT]
TCTGAAGTAA
TCTGAAGTAA
TCTGAAGTAA

*kkkxkkx Kk

TCTGAAGTWA

el
665
CAGAAGGGGA
CAGAAGGGGA
CAGAAGGGGA
CAGAAGGGGA
CAGAAGGGGA
CAGAAGGGGA
CAGAAGGGGA

kkkkk kK Kk kK

CAGAAGGGGA

A
725
CCGGTGGCGA
CCGGTGGCGA
CCGGTGGCGA
CCGGTGGCGA
CCGGTGGCGA
CCGGTGGCGA A
CCGGTGGCGA A

Ak Kkk KKk Kk kK

CCGGT“FT‘T?WWLW,

785

CAAACAGGAT TAGATACCCT GGT

GTTAGGC
GG T CCET G GTTAGGC
CAGGAT GA C C CCGT G ATGAG TGTTAGGC

CAAACAGGAT
CAAACAGGAT
CAAACAGGAT

Ak Kkk KKk Kk kK

CAAACAGGAT

-
555
GCGTTGTCCG
GCGTTGTCCG
GCGTTGTCCG
GCGTTGTCCG
GCGTTGTCCG
GCGTTGTCCG
GCGTTGTCCG

Kk kA Kk kK Kk kK

GCGTTGTCCG

R -
615
AAGGCAGTGG
AAGGCAGTGG
AAGGCAGTGG

R I
565
GATTTATTGG
GATTTATTGG
GATTTATTGG
GATTTATTGG
GATTTATTGG
GATTTATTGG
GATTTATTGG

KAk kKA Kk kK kK

GATTTATTGG

ARGGCAGTGGy :

GAGTGGAATT

* Kk Kk ok Kk * K

GAGTGGAA]

AAGCGG

AAT

v\,

Kk ok ok ok kak ok ok ok ok

795

TAGATACCCT
TAGATACCCT
TAGATACCCT

KAk kK kK Kk kKK

TAGATACCCT

* % Kk Kk K ok Kk ok

Ak Kk kK Kk Kk kK

805
TCCAC

GGTAGTCCAC
GGTAGTCCAC
GGTAGTCCAC

Ak Kkk KKk Kk kK

GGTAGTCCAC

|
575
GCGTAAAGCG
GCGTAAAGCG
GCGTAAAGCG
GCGTAAAGCG
GCGTAAAGCG
GCGTAAAGCG
GCGTAAAGCG

Kk kA Kk kK k kK

GCGTAAAGCG

R I
585
AGCGCAGGCG
AGCGCAGGCG
AGCGCAGGCG
AGCGCAGGCG
AGCGCAGGCG
AGCGCAGGCG
AGCGCAGGCG

Ak kKA Kk KKk Kk Kk

AGCGCAGGCG

el
645
GAAACTGEAG
GAAACTGEAG
GAAACTGEAG
GAAACTGEAG
GAAACTGTAG
GAAACTGTAG
GAAACTGTAG

*xkkxkk  kKk

3, CGTAGATATA

G

.._.._-—.---——-——'. @CTCGAAA

ACGCTG

AA CT
GCTCT
GGCTCT CTGGTCTGTA ACTGACGCTG "AGGCTCGAAA

Kk kK kK Kk Kk kK

815

TAGATATA
GTAGATATA
CGTAGATATA
GTAGATATA
CGTAGATATA

Kk Kk kkkkkkhk kK

CGTAGATATA

R -
765
AGGCTCGAAA
AEGCTCGARA

f TCGAAA
‘GGCTCGAAA
AGGCTCGAAA

Ak Kkk KKk Kk kK

WENM

825

.|
595
GTTCT@TAAG
GTTCT@TAAG
GTTCTHTAAG
GTTCTTAAG
GTTCTATAAG
GTTCTATAAG
GTTCTATAAG

Kk Kk kk Kk kk

GTTCTWTAAG

R -

655
ACTTGAGTG
ACTTGAGTG
ACTTGAGTG
ACTTGAGTG
AACTTGAGTG
AACTTGAGTG
AACTTGAGTG

* ok ok ok ok ok ok ok ok

RACTTGAGTG

R |
715
TGGAGGAACA
TGGAGGAACA
TGGAGGAACA
TGGAGGAACA
TGGAGGAACA
TGGAGGAACA
TGGAGGAACA

Kk kkkkkkkkk

TGGAGGAACA

R |
775
GCGTGGGGAG
GCGTGGGGAG
GCGTGGGGAG
GCGTGGGGAG
GCGTGGGGAG
GCGTGGGGAG
GCGTGGGGAG

KAk kK kK Kk kKK

GCGTGGGGAG

|
835

GCCGIBARCG ATGAGTGCWGGTGTTAGGC

GCCGTAAACG
GCCGTAAACG
GCCGTAAACG

KAk KKk Kk Kk kKK

GCCGTAAACG

ATGAGTGCTA
ATGAGTGCTA
ATGAGTGCTA

Ak kk KKk Kk kK

ATGAGTGCTA

GGTGTTAGGC
GGTGTTAGGC
GGTGTTAGGC

KAk Kk Kk Kk Kk Kk kK

GGTGTTAGGC
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el
845

-
855

el
865

CCTTTCCGGG GCTTAGTGCC GCAGCTAACG
CCTTTCCGGG CITTAGTGCC GCAGCTAACG
CCTTTCCGGG GCTTAGTGCC GCAGCTAACG
CCTTTCCGGG GCTTAGTGCC GCAGCTAACG
CCTTTCCGGG GCTTAGTGCC GCAGCTAACG
CCTTTCCGGG GCTTAGTGCC GCAGCTAACG
CCTTTCCGGG GCTTAGTGCC GCAGCTAACG

KAk Akkhkhkk KhkAkkkhkkxKhkkK

kAR kA Kk kK Kk Kk

CCTTTCCGGG SSTTAGTGCC GCAGCTAACG

A -
905

R I
915

R -
925

GCAAGGTTGA AACTCAAAGG AATTGACGGG

GCAAGGTTGA AACTCAAAGG AA
GCAAGGTTGA AACTCAAAGGHAAT

GCAAGGTTGA
GCAAGGTTGA
GCAAGGTTGA

* ok k ok ok ok ok ok ok ok

GCAAGGTTGA

el
965

AATTCGAAGC
AATTCGAAGC
AATTCGAAGC
AATTCGAAGC
AATTCGAAGC
AATTCGAAGC

kkkkk kK Kk kK

AATTCGAAGC

A
1025
TAGGETTT]
TAGGETTT

TAGGETTT]

TAGGETTT

TAGGATTTTC
TAGGATTTTC
TAGGATTTTC

* Kk kK kKK

TAGGMTﬁYﬁT@“ﬁWW]

1085'”

AACTCAAA:
AACTCAAA
AACT

* K Kk kK ok ok kX

AACTCAAA

Ay
A6

AACGCH
AA al
an€GCq
AACGC
AACG

GAZ

* Kk Kk ok Kk

AACGCGAA

* K

1035
CTTCGG]

A ——ay (o

CT
CT
CT

*****

1095

AA(‘
SASACCT
AATTCGAAGC AACGCGAAGAH Hﬁﬂq

1105

|
875
CATTAAGCAC
CATTAAGCAC
CATTAAGCAC
CATTAAGCAC
CATTAAGCAC
CATTAAGCAC
CATTAAGCAC

Kk kA Kk kK k kK

CATTAAGCAC

R |
935
GGCCCGCACA

R,

Mh\'
GTCRIGACAT

GTCTTGACA

ECTTGAC

ok ok ok ok ok kK

TTGACAT

[
1055

AT G

G GCATG

EGGACA
GGGACA GAGGAGACAG GTGGTGCATG GTTGTCGTCA

KKk Ak kK kkkkk KAhkkkhkAkAkAAkKk KAhkAkrAkAAkKk A KA K

i

1115

R I
885
TCCGCCTGGG
TCCGCCTGGG
TCCGCCTGGG
TCCGCCTGGG
TCCGCCTGGG
TCCGCCTGGG
TCCGCCTGGG

Ak kKA Kk KKk Kk Kk

TCCGCCTGGG

el
945
AGCGGTGGAG
AGCGGTGGAG
AGCGGTGGAG
AGCGGTGGAG
AGCGGTGGAG
AGCGGTGGAG
AGCGGTGGAG

W* KKk Kk k ok
\' SBeccl GCGGTGGAG

CCCTCTGACC
CCTCTGACC
CCCTCTGACC

*k kk kK Kk kK

CCYTCTGACC

el
1065
GTTGTCGTCA
G GTCGTCA
HGTCGTCA
# TCGTCA
'TTGTCGTCA
GTTGTCGTCA

1125

.|
895
GAGTACGACC
GAGTACGACC
GAGTACGACC
GAGTACGACC
GAGTACGACC
GAGTACGACC
GAGTACGACC

Kk kA Kk kK k kK

GAGTACGACC

R -
955
CATGTIGGTTT
CATGTGGTTT
CATGTIGGTTT
CATGTGGTTT
CATGTGGTTT
CATGTIGGTTT
CATGTGGTTT

* Kk ok k ok ok ok ok ok ok

CATGTGGTTT

R |
1015
GBCCTAGAGA
GBCCTAGAGA
GBCCTAGAGA
GECCTAGAGA
GTCCTAGAGA
GTCCTAGAGA
GTCCTAGAGA

*  kkkkkkkk

GKCCTAGAGA

R |
1075
GCTCGTGTCG
GCTCGTGTCG
GCTCGTGTCG
GCTCGTGTICG
GCTCGTGTCG
GCTCGTGTCG
GCTCGTGTCG

KAk kK kK Kk kKK

GCTCGTIGTICG

-
1135

TGAGATGTTG GGTTAAGTCC CGC CGAGC GCAA(ECTA TTGTTAGTWCCATCATTAA

T AGATGTTG GGTTAAGTCC CGCAACGAGC
TGAGATGTTG GGTTAAGTCC CGCAACGAGC
TGAGATGTTG GGTTAAGTCC CGCAACGAGC

KAk kK kA hkA Kk, KAkrAkkAhkkk khhkk *rxkkhkhkk kkk%

TGAGATGTTG GGTTAAGTCC CGCAACGAGC

GCAACCCCTA
GCAACCCCTA
GCAACCCCTA

KAk KKk Kk Kk kKK

GCAACCCCTA

TTGTTAGTTG
TTGTTAGTTG
TTGTTAGTTG

Ak kk KKk Kk kK

TTGTTAGTTG

CCATCATTAA
CCATCATTAA
CCATCATTAA

KAk Kk Kk Kk Kk Kk kK

CCATCATTAA

95
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R I
1145
GTTGGGCACT
GTTGGGCACT
GTTGGGCACT
GTTGGGCACT
GTTGGGCACT
GTTGGGCACT
GTTGGGCACT

kAR kA Kk kK Kk Kk

GTTGGGCACT

el
1205

TCATCATGCC
TCATCATGCC
TCATCATGCC
TCATCATGCC
TCATCATGCC
TCATCATGCC
TCATCATGCC

* ok k ok ok ok ok ok ok ok

TCATCATGCC

el
1265
CAAGCCGGTG
CAAGCCGGTG
CAAGCCGGTG
CAAGCCGGTG
CAAGCCGGTG
CAAGCCGGTG
CAAGCCGGTG

kkkkk kK Kk kK

CAAGCCGGTG

A
1325
ACTCGCCTAC
ACTCGCCTAC
ACTCGCCTAC
ACTCGCCTAC
ACTCGCCTAC
ACTCGCCTAC
ACTCGCCTAC

Ak Kkk KKk Kk kK

B ﬁﬁﬁﬁﬁ*ﬁ. !

13851]

-
1155
CTAGCGAGAC
CTAGCGAGAC
CTAGCGAGAC
CTAGCGAGAC
CTAGCGAGAC
CTAGCGAGAC
CTAGCGAGAC

Kk kA Kk kK Kk kK

CTAGCGAGAC

R -
1215
CCTTATGACC
CCTTATGACC
CCTTATGACC

R .
1165
TGCCGGTAAT
TlccGGTAAT
TGCCGGTAAT
TGCCGGTAAT
TGCCGGTAAT
TGCCGGTAAT
TGCCGGTAAT

Kk kk Ak Kk kK

TRCCGGTAAT

ol
1225
TGGGCTACAC

CCTTATGACC T

CCTTATGA
CCTTATGA

CCTTA
Kk ok ok ok ok ok

ACGGG
ACGgY
ACG

AN G
CASGC
ACGGCHEAGET
ACGGCAAGCT
ACGGCRACCT

* Kk Kk ok Kk * K

ACGGCAAG,

ATGAR e u__:
ATIJ‘GTCGG
AT

AL =a (5

AAGTCGG AATCGCTAGT AATCGCGGAT

|
1175
AAACCGGAGG
AAACCGGAGG
AAACCGGAGG
AAACCGGAGG
AAACCGGAGG
AAACCGGAGG
AAACCGGAGG

Kk kA Kk kK k kK

AAACCGGAGG

R -
1235
ACGTGCTACA
AccTGCTAfA

R I
1185
AAGGTGGGGA
AAGGTGGGGA
AAGGTGGGGA
AAGGTGGGGA
AAGGTGGGGA
AAGGTGGGGA
AAGGTGGGGA

Ak kKA Kk KKk Kk Kk

AAGGTGGGGA

el
1245
ATGGTTGGTA
ATGGTTGGTA
ATGGTTGGTA
ATGGTTGGTA
ATGGTTGGTA
ATGGTTGGTA
ATGGTTGGTA

* ok Kk ok ok ok ok ok ok ok

ATGGTTGGTA

el
1305
TTCGGATT

AGTTCGGATT

TTCGGATT
AGTTCGGATT

<‘AGTTCGGATT

AT

CGGAT

***** KAk Kk KAk AkAkAkAhkhkk KAk kAkrkk Kk kK

1395

1405

1415

AGTTCGGATT
AGTTCGGATT

Kk Kk kkkkkkhk kK

AGTTCGGATT

-

1365
CAGCACGCCG
CAGCACGCCG

LA Tt el A, C GCC G

hdCACGCCG

SAGCACGCCG
CAGCACGCCG
CAGCACGCCG

Ak Kkk KKk Kk kK

M

1425

.|
1195
TGACGTCAAA
TGACGTCAAA
TGACGTCAAA
TGACGTCAAA
TGACGTCAAA
TGACGTCAAA
TGACGTCAAA

Kk kA Kk kK k kK

TGACGTCAAA

R -
1255
CAACGAGTCG
CAACGAGTCG
CAACGAGTCG
CAACGAGTCG
CAACGAGTCG
CAACGAGTCG
CAACGAGTCG

* Kk ok k ok ok ok ok ok ok

CAACGAGTCG

R |
1315
GTAGGCTGCA
GTAGGCTGCA
GTAGGCTGCA
GTAGGCTGCA
GTAGGCTGCA
GTAGGCTGCA
GTAGGCTGCA

Kk kkkkkkkkk

GTAGGCTGCA

A ——
1375
ceeTcaTac
CGGTGAATAC
CGGTGAATAC
CGGTGAATAC
CGGTGAATAC
CGGTGAATAC
CGGTGAATAC

kAhkKkkk Kk k*k

CGGTGRATAC

|
1435

GTTCCCGGGC CTTGTACACA CCG CGTCA CACCP&AGA GTTTGTAAWCCCGAAGTCG

Ci
T GG

GETCCCGGGC
GTTCCCGGGC
GTTCCCGGGC
GTTCCCGGGC

Ak Kkk KKk Kk kK

GTTCCCGGGC

CTTGTACACA
CTTGTACACA
CTTGTACACA

KAk kK kK Kk kKK

CTTGTACACA

CCGCCCGTCA
CCGCCCGTCA
CCGCCCGTCA

Ak Kkk KKk Kk kK

CCGCCCGTCA

CACCACGAGA
CACCACGAGA
CACCACGAGA

KAk KKk Kk Kk kKK

CACCACGAGA

GTTTGTAACA
GTTTGTAACA
GTTTGTAACA

Ak kk KKk Kk kK

GTTTGTAACA

CCCGAAGTCG
CCCGAAGTCG
CCCGAAGTCG

KAk Kk Kk Kk Kk Kk kK

CCCGAAGTCG
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2. The consensus sequence
http://frodo.wi.mit.edu/primer
for amplification of 16S r
that considered in product

selected primer for this study had 123
reverse primer, 50-55% of GC conte_l}_; '

P
144
GTGAGGTAAC
GTGAGGTAAC
GTGAGGTAAC
GTGAGGTAAC
GTGAGGTAAC
GTGAGGTAAC
GTGAGGTAAC

kAR kA Kk kK Kk Kk

GTGAGGTAAC

CTTTTAGGAG
CTTTTAGGAG
CTTTTAGGAG
CTTTTAGGAG
CTTTTAGGAG
CTTTTAGGAG

*

CTTTTAGGAG

CCAGCCGCCT
CCAGCCGCCT
CCAGCCGCCT
CCAGCCGCCT
CCAGCCGCCT
CCAGCCGCCT

CCAGCCGCCT

AAGGTGGGAT
AAGGTGGGAT
AAGGTGGGAT
AAGGTGGGAT
AAGGTGGGAT
AAGGTGGGAT

AAGGTGGGAT

TAACAAGGTA
TAACAAGGTA

TAACAAGGTA

end of forward and reverse prime

3. The selected primer was.
S.iniae by NCBI BLAST thatﬂo

AGATGATTGG
AGATGATTGG
AGATGATTGG
AGATGATTGG
AGATGATTGG
AGATGATTGG

AGATGATTGG

GGTGAAGTCG
GGTGAAGTCG
GGTGAAGTCG
GGTGAAGTCG

GGTGAAGTCG

97

mer3 program (available at
were selected specifically

ze, 20 bps of length both forward and
nd 3 bases and 2 bases at the 3 prime

start len il &% éw
1 LEFT PRIMER : 4 780 M(QSQAGT AACGCGTAG
RIGHT PRIMER “12?3 20 60.01 50.00 4.00 2.00 TTCATGTAGGLGAGTTGCAG
PRODU : A 0.0
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PCR primer design for sodA gene of S.agalactiae and S.iniae

The sodA gene of S.agalactiae and S.iniae was designed two subregions, including whole
sodA gene and internal part of sodA gene associated with Manganese (Mn)-dependent
superoxide dismutase.

Whole sodA gene

1. The full length of S.agalactiae and S.iniae sodA gene (approximately 600 to 3103 bps)
obtained from GenBank nucleotide database (Accession no. of S.agalactiae Y12224 and
S.iniae EU661272) was aligned all of the sequences and reported consensus sequence. The
red label showed the variable region of 16S ene between S.agalactiae and S.iniae.

R .
1860

890 1900
Y12224 GATTTCGACA TGGCHEAT CCAGAT CATATGATGC
EU661272 TATG CATATGATGC

Kk hkkkhkkkkk kK

_________ A TGGWCCA AR
Clustal Co koK kok ‘ :**‘*q;

Consensus GATTTCGACA TGGCW G _CATATGATGC

B P I

1910 p . 3 1950
Y12224 GAGCCA CA , CAATNICACAC CATGATARBC
EU661272 GAGCCA CA '
Clustal CO *  kkkkkk Kk ok * *
Consensus KYTWGAGCCA CAWWTIEGAT CATGATAARC

o e T N

1960 2000
Y12224 ACCATGCHEAC TTATGTTGA
EU661272 ACCATGCEAC TTATGTITGET AATGE
Clustal CO K’k kkkk Kk Kk
Consensus ACCATGCRAC

[P .

2010 2050
Y12224 GAAATTGGHEG ;
EU661272 GAAATTGGHEG AKSA T_AGA GG
clustal co K’k Kk kkkkx K **I* * K x * Kk Kk Kk K
Consensus GAAATTGGWG AARA YMWATTCC

O O 2100
Y12224 GA
EU661272 GAT TC GC T ATCAATAA GGTGG GGA C
clustal co * % * Kk Kk ok Kk K * Kk x Kk x * ** * Kk kK K *khkKhkkk Kk k Kkx *
R qwﬁﬁ aswﬁvﬁmWﬁﬁmﬂ ;1 E]

2110 2120 2130 2140 2150
Y12224 GCT CTGGGAATT TCACC| AAACT) AA
EU661272 GCT T TT CTGGGAATT TCACC] AAACT] A T C AA
Clustal CO * kkk k kk Khkkhkkhkkkkkhk * KXk kKkkkx Kk X *kKkk*k Kk K K * Kk k%K
Consensus AYGCTYTKTT CTGGGAATTR WTRTCACCWG ARRAAACTSA ARTWWCAMAA

NN el

2160 2170 2190 2200
Y12224 ATT CTTTT TTTG TTTAA
EU661272 ATT CTTTT TTTG TTTAA
Clustal CO * * Kk kK * khkkkk Kk Ak Kkkkk Kk K * Kk ok kK

Consensus

GARKTWKCWR RWGMMATTRA YSMARCTTTT GGWICWTTTG AWGMYTTTAA
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2210 2220 2230 2240 2250
Y12224 AG CAGCAGCAG CAAC TTTTGGTTCH GGTTGGGCTT
EU661272 CAGCAGCAG CAAC TTTTGGTTCl GGTTGGGCTT
clustal CO khkkhkrkkhkhkkhkk khrkkk kk kk khkkkkkkkk * ok k ok k ok ok k kK
Consensus AGMWSMWTTY RCAGCAGCAG CAACWGGMCG TTTTGGTTCW GGTTGGGCTT
- .. . R

2260 2270 2280 2290 2300
Y12224 GTTGT GAA GG CTTG A TTC AACTGCEAAT
EU661272 GTTGT GAA GG CTTIG A TTC AACTGCEAAT
Clustal CO **k Kk Kk kk*k *k Kk kkx ok *kkk Kk K *k kkhkkkkk Kkkhk*k
Consensus GGYTWGTTGT TAMTRMWGAA GGMARWCTTG AARTKMYTTC AACTGCMAAT
R P I

2310 2320 2330 2340 2350
Y12224 CAAGATAC GA AGGT, CTATTTTAG CTTGATGT
EU661272 CAAGATAC TTTTAG CTTGATGT
clustal CO *khkkhkxkkkkk K K KkKkk \\ * Kk ok * Kk ok ok ok ok ok ok Kk
Consensus CAAGATACYC CWATTWY ¢ TAG SACTTGATGT

2360 2400
Y12224 TGGGAGCAT \ ACTACA
EU661272 TGGGAGCAT "TYRACT TAAT ACTACA
Clustal Co J Kk Kk Kk Kk Kk Kk K ; A : . Sk ok ok ok ok ok K
Consensus WTGGGAGCAT TA Y SRR . CWAACTACA
R R il 4 = LA N .
2410 . og J* — A 2450
Y12224 TcAABGCTTT 2
EU661272 TCAAMGCTTT
clustal c° Kk kk Kk kkk Kk
Consensus TCAAWGCTTT
o R [
2460 ' 2500
Y12224 AGCTGCTA AAGC] SAKEAT CEATAGECT CGTTTTTTTA
EU661272 AGCTGCTA AAGCETAA-- === . —
clustal CO *Ahkhkkkhhkkkk *kkhk Kkk*k ‘I“'J
Consensus MAAGCTGCTA %ﬁiCWTAAIﬂ_€Q§UE¥K
2. The consensus sequence he pri IMers v 1 er3 program (available at

http://frodo.wi.mit.edu/primer3). ) rimer were selected specifically
for amplification of sodA ge both S.agalactiae and S.iniae to/use in the present study that
considered in product size (coyer,mainly sodA gene), primer length (18-30 nucleotide in
length), GC content ( l‘ﬂS&IG‘ﬁp mﬁﬂiﬁlﬁmﬁjre (Tm) (within 58°C
to 60°C), numerous t% n t or C's). The selected
primer for this study had 1199 bps of product size, 20,bps of forward@nd reverse primer,

50-55% of GQ W{Tw ﬁ‘imaﬁ %lf]fgf ﬁ ﬁﬁwtﬁoﬂﬁd and reverse

primer.

3. The selected primer was double checked specificity to sodA of S.agalactiae and S.iniae by
NCBI BLAST that showed 90-100% of specificity.

No mispriming library specified
Using l-based sequence positions

OLIGO start len tm qo% any 3' seg
LEFT PRIMER 1044 20 60.15 55.00 6.00 2.00 gcttggaagocctacttgoag
RIGHT PRIMER 2242 20 60.01 50.00 4.00 2.00 cctgaaccaaaacgtcctgt

SEQUENCE SIZE: 3103
INCLUDED REGICN SIZE: 3103

PRODUCT SIZE: 1199, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00
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Internal part of sodA gene associated with Mn-dependent superoxide dismutase

1. The full length of S.agalactiae and S.iniae Internal part of sodA gene associated with Mn-
dependent superoxide dismutase gene (approximately 429 to 600 bp) obtained from GenBank
nucleotide database (Accession no. of S.agalactiae 795893 and S.iniae EU661272, 799176
and AM490314) was aligned all of the sequences and reported consensus sequence. The red
label showed the variable region of 16S rRNA gene between S.agalactiae and S.iniae.

AOSEDE 00 mem======= s========= ========== —========= —========o
EU661272 ATGGCTATTA TTTTACCAGA ACTTCCATAT GCATATGATG CTTTAGAGCC
z%9176 @ @ —————— ——————— = - -
AM490314 @ —————— —————————— SRS Ry _——————
Clustal Co
Consensus ATGGCTATTA TTTTACC
o R .. 1 P
60 ' : . - 100
Z95893 —CATATTGAT e
EU661272 ACAATTTGAT
Z99176 —CAATTTGAT
AM490314 @ @ ————— GAT
Clustal Co HRx
Consensus ACAWWTTGAT SMWGA
[ ..., . 4% . / v % -..]....
110 B _ 150
795893 CTTATGITGC o RN 3
EU661272 CTTATGTTGC
Z99176 CTTATGTTGC
AM490314 CTTATGTTGC
Clustal Co * Kk ok ok ok ok ok ok k ok
Consensus CTTATGTTGC
I I . BAET S L P I
160, _ 200
Z95893 GAABACTTAG ARGESSCT T - -
EU661272 GAABMACTTAG
Z99176 GAABACTTAG
AM490314 GAABMACTTAG
Clustal CO * Kk Kk Kk kkk kK
Consensus GAARACTTAG ARGM%?TCTT RGCWRATRTT KMKYMWATTC CAGMMGATAT
‘LJEJ’MEJ‘MWEJ’JM
Z95893 ATCAATA GGTGGHEGG AC CARGCTETET
EU661272 T ATCAATA GGfGG GG AC CAMGCTHET
299176
AM490314 ﬁ%
Clustal Co K K x
Consensus T CARGCW KTMATCAATA AYGGTGGYGG ACAYYTKAAY CAYGCTYTKT
P e e e e e R .
260 270 280 290 30
295893 TCTGGGAATT TETCACCH G AAACTE AABTEECABA AG n ¢
EU661272 TCTGGGAATT TRTCACCH G AAACTE AABTEEICABA AG i ©
Z99176 TCTGGGAATT TETCACCH G AAACTE AABTEBCABA AG n ¢
AM490314 TCTGGGAATT TRTCACCH G AAACTE AABTEEICABA AG i ©
Clustal Co * Kk ok ok ok Kk k ok kk * Kk k Kk kK * % * K Kk kX * * K * Kk Kk kkx Kk * *
Consensus TCTGGGAATT RWTRTCACCW GARRAAACTS AARTWWCAMA AGAMKTWKCW



Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
299176
AM490314
Clustal Co
Consensus

Z95893
EU661272
Z99176
AM490314
Clustal Co
Consensus

O T T T L e e
310 320 330 340 350

ATTG CTTT TGGETCHRTTT TTTA AAG]

ATTG CTTT TGGETCHMTTT TTTA AAG

ATTG CTTT TGGETCHMTTT TTTA AAG

ATTG CTTT TGGETCHTITT G TTTA AAG TT

ok kK Kk ko okokkk kkk kK kkk Kk K,k ok ok Kok ok *
RRWGMMATTG AYSMARCTTT TGGWTCWTTT GAWGMYTTTA AAGMWSMWTT

[PNPN%!

* Q) Q) O Q

G
G
G
G
*

360 370 380 390 400
CAGCAGCA GCAACHGGHEC GTTTTGGTTC BGGTTGGGCT TGGEMTMGTTG
CAGCAGCA GCAACHGGEC GTTTTIGGTTC WMGGTTGGGCT TGGEMTEGTTG
CAGCAGCA GCAACHGGEC GTTTTGGTTC MGGTTGGGCT TGGEMTHEGTTG
CAGCAGCA GCAACHGGEC GTTTIGGTTC WGGTTGGGCT TGGETEGTTG
KAk hkkhkkhkhkk* Kkhkhkk Kk K*Kk Kk Khkkkhkk khkkkhkkhkkkhkk Kk *hkk Kk KkxkkKk

YRCAGCAGCA GCAACWGGMC TGGYTWGTTG

el

450
TT
TT

TT
TTART

* KKk K * K

TTAMTRMWGA

cd
ccC
ccC
cC

**k kKK

CCWATTWYRG

-
46
G
G
G
G
*

ATGCTTATTA CC ACTAC

ﬂﬂﬂiﬂiﬁ A5

GTTC G AACTA.@ATCAATGCT

" We%h%rﬂ SeHmAINEaY

TAAAGCATAA

101
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2. The consensus sequence used to generate the primers with Primer3 program (available at
http://frodo.wi.mit.edu/primer3). Many designed pairs of primer were selected specifically
for amplification of internal part of sodA gene associated with Mn-dependent superoxide
dismutase gene both S.agalactiae and S.iniae to use in the present study that considered in
product size (cover mainly Mn-sodA gene), primer length (18-30 nucleotide in length), GC
content (within 30-80%), annealing and melting temperature (Tm) (within 58°C to 60°C),
numerous bases at the 3 prime end (no more than two G's or C's). The selected primer for
this study had 512 bps of product size, 25 and 23 bps of forward and reverse primer, 36-38%
of GC content, 56°C of Tm and 3 bases and 5 bases at the 3 prime end of forward and reverse
primer.

3. The selected primer was double. cheekec ; ity to internal part of sodA gene
associated with Mn-dependent supetoxide d .agalactiae and S.iniae by NCBI

No mispriming library speci
Using l-based sequence pé
OLIGO start ‘ s2g

LEFT PRIMER 5 v c-' I \ |\. c X gatgctttagagccacaatttgat
EIGHT PRIMER 54 . & w36 0 .0 attgatgtagtttggacgaaca
SEQUENCE SIZE: 610 f 4

INCLUDED REGION SIZE: 614

PRODUCT SIZE: 512, PAIR ANM

]

X
ﬂ‘UEHﬂEJ'VIiWEI"]ﬂ‘E
’QW'WéNﬂ‘iflJ UAIINYAY
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APPENDIX E

Purification of nucleic acid with DNA-binding spin column
(NucleoSpin® Extract II, Germany)

Mix 40 pl of sample (PCR product) with 80ul of Buffer NT

Place a column into a collection tube

Centrifuge for 2 muft 0 remove BufferINT3 and dry column

Transfer

minute at room temperature and
minute at 11,000 g

¥

¢
¥ i
| |
i¥ |

AULINENINYINT
AN TUNM NN Y
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APPENDIX F
Safety test of vaccine

Water quality (water temperature, pH, amount of ammonia and nitrite) was monitored daily
during the experiment.

Group

Water quality FKC FKC+ECP TSB None
Day 1% of testing
pH 7.5 7.6 7.5 7.6
Ammonia (mg/1) 0.25 0.25
Nitrite (mg/1) 0.10 0.05
Water temperature (OC) 29.0 29.0
Day 2™ of testing
pH 7.3
Ammonia (mg/l) 0.50
Nitrite (mg/1) 0.05
Water temperature (°C) 9.5 29.0
Day 3" of testing
pH 7.5
Ammonia (mg/1) 1.00
Nitrite (mg/1) 0.00
Water temperature (OC) 30.0
Day 4" of testing
pH 7.3
Ammonia (mg/1) i3 \ 0.25
Nitrite (mg/1) e 2 Rl ————~ ¢ 0.05
Water temperature (°C V” £ 30.0
Day 5™ of testing a -
pH ‘7 3-7.6 7.3-7.6 7.3-7.6
Ammonia (mg/l) ﬂ u ﬂ Iﬁ?‘l 8 ﬂ ﬁm 8 I] fﬁﬁ 0.25
Nitrite (mg/1) 0.05
Water temperature 29.5 29.0 29.0 29.0
o RN DINBNINEI A

7.3
Ammonla (mg/l) 0.50 0.25 0.25 0.25
Nitrite (mg/1) 0.10 0.05 0.00 0.00
Water temperature (OC) 29.0 29.0 29.5 29.0
Day 7™ of testing
pH 7.3-7.6 7.0-7.3 7.3-7.6 7.3-7.6
Ammonia (mg/1) 0.5-1.0 0.5-1.0 0.25 0.25
Nitrite (mg/1) 0.1-0.25 0.1-0.25 0.00 0.10

Water temperature (OC) 28.5 29.0 28.5 28.5
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Water quality (water temperature, pH, amount of ammonia and nitrite) was monitored daily

during the experiment.

Group
Water quality FKC FKC+ECP TSB None
Day 8™ of testing
pH 7.6 7.3 7.6 7.3
Ammonia (mg/l) 0.25 0.50 0.25 0.50
Nitrite (mg/1) 0.05 0.05 0.00 0.05
Water temperature °C) 29.0 28.5 29.0 29.0
Day 9" of testing
pH 7.3 7.6
Ammonia (mg/1) 0.25 0.50
Nitrite (mg/1) 0.00 0.00
Water temperature (OC) 29.0 29.0
Day 10" of testing 7
pH 7.3 7.3
Ammonia (mg/1) 0.25 0.25
Nitrite (mg/1) 0.00 0.05
Water temperature (OC) 30.0 29.5
Day 11" of testing
pH 7.3 7.3
Ammonia (mg/1) 0.25 0.25
Nitrite (mg/1) : 0 0.00 0.00
Water temperature © C) 2904 3 o . 29.5 29.5
Day 12" of testing R V4
pH f "7.3-7.6 7.3-7.6
Ammonia (mg/l) m 0. 70.25 0.50
Nitrite (mg/1) - 0.05 0.10 0.00 0.00
Water temperatu 29.0
oftesunﬁﬁmmﬂmwa'ms
pH 7.3
Ammom 0.50
i aenSal i gy i
Water temparature (OC) 29.0 29.5 30.0 30.0
Day 14" of testing
pH 7.6 7.3 7.3-7.6 7.6
Ammonia (mg/1) 0.50 0.25 0.25 0.25
Nitrite (mg/1) 0.05 0.10 0.00 0.05
Water temperature °C) 29.0 29.5 29.5 29.0
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The survival and dead tilapia of vaccinated tilapia with Formalin Killed Cell (FKC) vaccine and
FKC mixed Extracellular product (ECP) (at a dose of 3 X 10° CFU per fish, by intraperitoneal
route) was analyzed statistically with the Kruskal-Wallis one way analysis of variance by
range (non-parametric method) to evaluate the vaccine safety. The vaccinated group was
compared with non-vaccinated group (control group) i.e. Placebo vaccinated control and
untreated control at 14 days post-vaccination. The result showed that the vaccinated and non-
vaccinated group are not difference statistically (o = 0.05).

NPar Tests

Kruskal-Wallis Test

.

> // ‘ ~\\,_f'm .
“Group, | l\"\%\ | Me

SurvivaRate. // 1) *.i
7

a. Kruskal Wallis Test
‘hGroupin Variable: GROUP

AUEINDAINEINT
ARIAINTUNRIINYINY



Determine streptococaal v. : el “with challenge test

ol
B B i i
—i
" 4, 7 = P
P 2 / 5
- =t oy e

-— -
Vi ; eh' J

AULINENINYINT
IR TN TN
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Antibody titer

f 200 gram-tilapia fish with Formalin Killed Cell (FKC) vaccine (at
ost vaccination.

The antibody titer against streptococcosis by direct agglutination test (log
dose of 6 X 10® CFU per fish) at pre-vaccination, 3", 5", 8" 10".a \'} q

Arm.m-.m glutination test

sorum 0 wk 3wk B 10 wk 12 wk Post challenge

Log, Logipy Logx Logio ‘_ﬂ l-ﬂ rbm gip Log, Logip Log Logn Log Logio

1 1 0.301 3 0.903 8 "t 4 1204 8 2408 12 3.612

2 3 0.903 4 1.204 8 2408 4 1204 12 3612

3 3 0.903 4 1.204 3 093 3 0903 11 3311

4 2 0.602 6 1.806 7 2107 4 1204 12 3612

5 1 0.301 3 0.903 3 093 3 0903 11 3311

6 3 0.903 5 1.505 4 1204 4 1204 11 3311

7 3 0.903 5 1.505 6 1806 2 0602 12 3612

8 2 0.602 5 1.505 4 1204 3 0903 11 3311

9 2 0.602 6 1.806 4 1204 4 1204 12 3612

10 1 0.301 6 1.806 5 1505 2 0602 11 3311
11 2 0.602 7 2.107 6 1806 8 2408
12 1 0.301 8 2.408; 6 1806 5 1.505
13 1 0.301 8 2408 ¥ i = 5 1505 3 0.903
14 2 0.602 4 1.204 4 5 1505 3 0.903
15 1 0.301 6 1.806 6 1806 3  0.903
16 3 0.903 8 2.408 g 6 1806 NA NA

Mean 194  0.583 5 586 12 1542 393 1.184 1150 3.461

SD 0.85  0.257 1 67 (éé 13 § 41 0424 183 0551 053 0.158

NA, not available

qmmnmiwﬁwmﬁ"a
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The antibody titer against streptococcosis by direct agglutination test (log;g) of 200 gram-tilapia fish with FKC mixed Extracellular product
(ECP) vaccine (at dose of 6 X 10° CFU per fish) at pre-vaccination, 3", 5™, 8", 10™ and 12" week post-vaccination.

Y

Antibody titer biy/JifCet agglutination test

serum 0 wk 3 wk , S vk 10 wk 12 wk Post challenge
L0g2 LOgl() Lng L0g10 _ 708 .‘ 3 210 L0g2 LOgl() Lng LOgl() Lng L0g10
1 1 0.301 8 2.408 : 3 6 1.806 5 1.505 12 3.612
2 1 0.301 3 0.903 6 1.806 2 0.602 11 3.311
3 4 1.204 3 0.903 4 1.204 1 0.301 11 3.311
4 2 0.602 5 1.505 4 1.204 3 0.903 11 3.311
5 2 0.602 1 0.301 8 2.408 2 0.602 12 3.612
6 4 1.204 3 0.903 6 1.806 4 1.204
7 5 1.505 5 1.505 4 1.204 9 2.709
8 3 0.903 4 1.204 4 1.204 3 0.903
9 4 1.204 6 1.806 8 2.408 5 1.505
10 4 1.204 8 2.408 7 2.107 5 1.505
11 1 0.301 5 1.505 6 1.806 7 2.107
12 1 0.301 5 1.505 1 0.301 5 1.505
13 1 0.301 8 2.408 2 0.602 7 2.107
14 1 0.301 7 2.107. 5 1.505 3 0.903
15 1 0.301 6 1.806 3 0.903 4 1.204
16 2 0.602 6 1.806 5 1.505 3 0.903
Mean 2.31 0.695 5.2 1.561 46 494 1486 425 1279 114 3.431
SD 1.45 0.436 2.04 0.614 O 500 2 15 0.649 198 059 2.11 0.636 0.55 0.165

ﬂ‘lJEJ'W]EJWﬁWEJWﬂ‘i
Q‘W’mﬁﬂ‘im UANAINYA Y
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The antibody titer against streptococcosis by direct agglutination test (log;g) of 200 gram-tilapia fish with Placebo vaccinated control (TSB
injection) at pre-vaccination, 3rd, Sth, 8th, 10™ and 12" week post-vaccination.

serum

O T e S Sy
o\m_';wNHO\OOO\]O\UI-PUJNP—

e e e ° i B e N e i S LY B OS IR, J
©
(O8]
(e}
[

0.301 30"

Mean

%
)

2 e B
AULINYNINYING

PRIAIATUUMINYAE

12 wk
Lng Log10
2 0.602
2 0.602
1 0.301
1 0.301
2 0.602
2 0.602
1 0.301
6 1.806
1 0.301
1 0.301
3 0.903
2 0.602
1 0.301
1 0.301
1 0.301
2 0.602
1.81  0.545
1.27  0.384
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The antibody titer against streptococcosis by direct agglutination test (log;o) of 200 gram-tilapia fish with Untreated control at pre-vaccination,
3, 5™ 8™ 10™ and 12" week post-vaccination.

serum 3 wk 12 wk

Log,  Logio Log, Logio

1 3 0.903 2 0.602
2 2 0.602 1 0.301
3 2 0.602 4 1.204
4 1 0.301 3 0.903
5 1 0.301 2 0.602
6 2 0.602 3 0.903
7 1 0.301 1 0.301
8 1 0.301 1 0.301
9 2 0.602 1 0.301
10 3 0.903 1 0.301
11 1 0.301 1 0.301
12 1 0.301 1 0.301
13 1 0.301 1 0.301
14 1 0.301, 1 £ 1 0.301
15 3 0.903 | = ————O30 " 2 0.602
16 3 0.903 1 0.301
Mean 175 0527 1.62  0.489
SD 0.85  0.258 109 0329 0.96 0.288

AUINENINYINT
PRIAIATUUMINYAE
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Water quality (water temperature, pH, hardness, alkalinity, amount of ammonia and nitrite) was monitored monthly during the experiment before
challenge test.

Water quality parameter
Month (date of collection) Groups pH ' DO Water temperature Total bacterial count

1o/l . / (of} 0
sk~ /" () (CFU/ml)

FKC

0.80 X 10°

FKC+ECP g _ 3
Month 2 (18/7/2551) 8-8.3 7 2932 139X 10
TSB 8.3 7.1 29-32 103X 10°
None 8-8.3 29-32 121 X 10°

[ L ' v N . "
. . i ‘ ‘ i
. i W i | #

AN TUNMINYAE
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Water quality (water temperature, pH, hardness, alkalinity, amount of ammonia and nitrite) was monitored weekly during the challenge test.

Water quality parameter
on 7 Nitrite Hardness  Alkalinity =~ Water temperature

L1
H ot
P mg/l)

Week (date of collection) Groups
o/ mg/l mg/l °0)

FKC
FKC+ECP
TSB

None

Week2 (19/8/2551)

AU INENTNYINS
AR TN TN
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APPENDIX H

Vaccinated Survivors

¥

All vaccinated surv ﬁ streptococcal infection by
conventional mlcrobm ulgj fﬂ‘ Hmmﬂf‘lﬁ ?acterlal pathogens, including
streptococcus, was not $éund in all cases (T ble 4.22). The vaccinated survivors those presented skin
abscess (Figu 5 ied using the bacterial
culture nor hi mﬂﬁﬁoﬂﬁmmﬁ mwr (Figure H-2 and H-3,
H&E x100). Gulture of the abscess content failed to recover streptococcal bacteria whilst the

histological examination of the skin abscess revealed fibrous connective tissue surrounding debris
(Figure H-4, H&E x40).
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