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RINGKASAN

UNI PURWANINGSIH. Vaksin Polivalen Edwardsiella ictaluri  Untuk
Pencegahan Penyakit Enteric Septicemia of Catfish Pada Ikan Patin
(Pangasianodon hypophthalmus). Dibimbing oleh SUKENDA, ANGELA
MARIANA LUSIASTUTI, ALIMUDDIN, WIDANARNI dan SRI NURYATI.

Kasus kematian akibat penyakit Enteric Septicemia of Catfish (ESC) yang
disebabkan oleh bakteri Edwardsiella ictaluri menjadi kendala utama pada
budidaya ikan patin di Indonesia. Perbedaan kondisi geografis antar wilayah diduga
menjadi faktor penyebab variasi fenotipe dan genotipe isolat E. ictaluri.
Karakteristik spesifik isolat dapat menjadi dasar pertimbangan dalam
pengembangan riset vaksin polivalen E. ictaluri yang mampu memproteksi
terhadap variasi antigen heterolog dan meningkatkan nilai relative percent survival
(RPS). Penelitian ini bertujuan untuk mengembangkan vaksin polivalen E. ictaluri
untuk pencegahan penyakit ESC pada ikan patin, dengan lima tahap penelitian yaitu
1) karakterisasi fenotipe dan genotipe E. ictaluri, 2) identifikasi gen virulen dan
evaluasi korelasi terhadap patogenisitas E. ictaluri, 3) profil protein dan toksisitas
protein bakteri E. ictaluri pada ikan patin, 4) efikasi berbagai sediaan vaksin inaktif
sel utuh E. ictaluri pada ikan patin didukung kajian uji kualitas dan keamanan
vaksin, dan 5) efikasi dan proteksi vaksin inaktif polivalen sel utuh E. ictaluri
dengan dan tanpa booster pada ikan patin.

Penelitian tahap pertama bertujuan mengidentifikasi isolat E. ictaluri secara
fenotipe dan genotipe. Karakteristik terhadap tujuhbelas isolat bakteri yang berasal
dari wilayah berbeda yaitu tujuh isolat dari Jawa Barat (PCjG, PJIG), PSb5G,
PSb3G, PSb1G, PSmH, P), satu isolat dari Jawa Timur (PTaH), dua isolat dari Riau
(PR1G, BRSH), tiga isolat dari Sumatera Selatan (B1, B2, A2), satu isolat dari
Jambi (PJbH), satu isolat dari Lampung (S.935G), dan dua isolat dari Kalimantan
Selatan (PBm1G, PBm2G) secara biokimia dan API 20E teridentifikasi sebagai E.
ictaluri. Seluruh isolat termasuk B-hemolitik namun zona paling terang terlihat
pada isolat PSb1G, PJbH, A2, P, dan PBm1G. Aktivitas enzim dan profil antibiotik
homolog pada semua isolat. Analisis PCR semua isolat dengan primer spesifik E.
Ictaluri terdeteksi pada 129 bp. Isolat E. ictaluri asal Indonesia menunjukkan
variasi genotipe. Semua isolat memiliki kemiripan 99.56-100% dengan strain E.
Ictaluri 93-146 complete genome.

Penelitian tahap kedua bertujuan mengidentifikasi gen virulen dan
menganalisis korelasi gen virulen dan patogenisitas dalam menentukan komposisi
penyusun vaksin polivalen E. ictaluri. Identifikasi gen virulen menunjukkan hasil
variatif dan secara umum pada semua isolat E. ictaluri memiliki gen T6SS (evpC)
dan urease. Kematian ikan patin akibat infeksi E. ictaluri tertinggi sebesar 96.67-
100% terjadi pada ikan yang dinfeksi dengan E. ictaluri PSb1G, PJbH, A2, P, dan
PBm1G dengan rerata waktu kematian 3.73-4.58 hari pascainfeksi. Mortalitas ikan
patin akibat infeksi ESC tidak dipengaruhi oleh jumlah gen virulen yang dimiliki
bakteri E. ictaluri. Infeksi E. ictaluri menyebabkan perubahan abnormalitas
natologi klinik, gambaran darah, dan kerusakan jaringan.

Penelitian tahap ketiga bertujuan menganalisis profil protein, toksisitas sel
utuh, dan extracellular product (ECP) serta korelasinya terhadap patogenisitas.
Karakterisasi protein sel utuh dan ECP E. ictaluri menggunakan SDS-PAGE



ditunjukkan dengan hasil pengukuran berat molekul (BM) pada masing- masing
sediaan. Profil protein sel utuh pada isolat PJbH menunjukkan 14 pita protein pada
kisaran 11.18-140 kDa, sedangkan pada isolat P dan PBm1G menunjukkan 10 pita
protein pada kisaran 11.18-71.06 kDa. Profil protein ECP terdeteksi hanya
ditemukan 2 pita, yaitu 11.18 dan 14.30 kDa. Mortalitas tertinggi terjadi pada
perlakuan sel utuh P dan PBm1G sebesar 97.78% dan 100% sedangkan pada PJbH
menunjukkan kematian rendah sebesar 15.56%. Toksisitas sel utuh menyebabkan
gejala klinis, perubahan anatomi dan kerusakan jaringan.

Penelitian tahap keempat bertujuan menganalisis sinergitas dan kompetensi
berbagai antigen bakterin E.ictaluri dalam menginduksi imunitas pada ikan patin.
Hasil dari karakterisasi fenotipe, genotipe, similaritas strain, gen virulen, dan
patogenisitas serta potensi sel utuh dijadikan dasar dalam penyusunan formulasi
vaksin. Vaksin sebelum digunakan dilakukan uji kualitas dan keamanan terlebih
dahulu. Komposisi penyusun vaksin polivalen terdiri dari isolat PJbH, P, dan
PBm1G dengan perbandingan 1:1:1. Sediaan vaksin monovalen, bivalen, dan
polivalen inaktif sel utuh E. ictaluri inaktivasi formalin 0.3% terbukti aman
digunakan dan tidak menimbulkan efek samping pada ikan patin. Efikasi vaksin
monovalen, bivalen, dan polivalen E. ictaluri dengan konsentrasi 10° CFU mL*
ikan diinjeksikan secara intraperitoneal. Vaksin inaktif polivalen E. ictaluri
terbukti mampu memberikan proteksi terbaik dan meningkatkan respons imun
spesifik dan non-spesifik hingga pemeliharaan 35 hari.

Penelitian tahap kelima bertujuan mengkaji efektivitas dan proteksi vaksin
inaktif polivalen sel utuh bakterin E. ictaluri dengan dan tanpa booster dalam
menghasilkan respons imun dan meningkatkan kelangsungan hidup ikan patin. Ikan
patin divaksinasi dengan vaksin inaktif polivalen bakterin E. ictaluri konsentrasi
10% dan 10° CFU mL* ikan™. Vaksin inaktif polivalen sel utuh E. ictaluri 10'° CFU
mL? ikan'* dengan booster terbukti mampu memberikan proteksi nilai RPS terbaik
yaitu sebesar 90.47, 55.00, dan 60.00% ketika diuji tantang dengan isolat PJbH, P,
dan PBm1G serta menunjukkan peningkatan respons imun spesifik dan non-
spesifik dibanding non-booster hingga pemeliharaan 77 hari.

Simpulan akhir dari penelitian ini adalah E. ictaluri yang berasal dari Jawa,
Sumatera, dan Kalimantan berbeda secara fenotipe dan genotipe, memiliki variasi
jumlah gen virulen yang berbeda namun secara umum memiliki gen T6SS (evpC)
dan urease. Infeksi E. ictaluri menyebabkan perubahan abnormalitas patologi klinik,
gambaran darah dan kerusakan jaringan. Sel utuh E. ictaluri mengandung
komponen faktor virulen yang berperan dalam mekanisme patogenesis infeksi ESC
pada ikan patin. Vaksin inaktif polivalen E. ictaluri konsentrasi 10° CFU mL™*
ikan? mampu menginduksi respons imun spesifik dan non-spesifik serta
memberikan proteksi terbaik dengan nilai RPS sebesar 61.02% terhadap multi-
infeksi E. ictaluri dibanding vaksin monovalen, bivalen, dan kontrol hingga
pemeliharaan selama 35 hari. Vaksin polivalen E. ictaluri konsentrasi 10'° CFU
mL* ikan™ dengan booster mampu menginduksi respons imun spesifik dan non-
spesifik serta memberikan proteksi terbaik dengan nilai RPS tertinggi terhadap
infeksi isolat E. ictaluri PJbH, P, dan PBm1G hingga pemeliharaan selama 77 hari.

Kata kunci: E. ictaluri, fenotipe, genotipe, polivalen, relative percent survival



SUMMARY

UNI PURWANINGSIH. The Edwardsiella ictaluri Polyvalent Vaccine for
Prevention Enteric Septicemia of Catfish. Supervised by SUKENDA, ANGELA
MARIANA LUSIASTUTI, ALIMUDDIN, WIDANARNI and SRI NURYATI.

The cases of death due to Enteric Septicemia of Catfish (ESC) disease
caused by the bacterium Edwardsiella ictaluri are the main obstacles in catfish
farming in Indonesia. The differences in geographical conditions between regions
are thought to be a factor causing phenotype and genotype variations of E. ictaluri
isolates. The specific characteristics of isolates that can be a basis for consideration
in the development of research on polyvalent E. ictaluri vaccines that can protect
against heterologous antigen variations and increase the relative percent survival
(RPS) value. The aim of this study was to develop a polyvalent E. ictaluri vaccine
for the prevention of ESC disease in catfish, with five stages of research, namely 1)
phenotype and genotype characteristics of E. ictaluri, 2) identification of virulent
genes and evaluation of correlation to pathogenicity of E. ictaluri, 3) fractionation
and bacterial protein toxicity of E. ictaluri in catfish, 4) the efficacy of various
Inactivated whole cell vaccine preparations of E. ictaluri in catfish supported by
studies on vaccine quality and safety, and 5) the efficacy and protection of whole
cell inactivated polyvalent vaccine E. ictaluri with and without booster on catfish.

The first phase of the study was aimed at identifying E. ictaluri isolates
phenotypically and genotypically. The characteristics of the seventeen bacterial
Isolates from different regions were seven isolates from West Java (PCjG, PJIG),
PSb5G, PSh3G, PSh1G, PSmH, P), one isolate from East Java (PTaH), two isolates
from Riau (PR1G, BRSH), three isolates from South Sumatra (B1, B2, A2), one
Isolate from Jambi (PJbH), one isolate from Lampung (S.935G) and two isolates
from South Kalimantan (PBm1G, PBm2G) were biochemically and API 20E
Identified as E. ictaluri. All isolates were B-hemolytic but the brightest zones were
seen in PSb1G, PJbH, A2, P, and PBm1G isolates. The enzyme activities and
antibiotic profiles were homologous in all isolates. The PCR analysis of all isolates
with specific primers of E. ictaluri detected at 129 bp The E. ictaluri isolates from
Indonesia showed variations in genotypes. All isolates were 99.56-100% similar to
strains of E. ictaluri 93-146 complete genome.

The second phase of the study aimed to identify virulence genes and analyze
the correlation of virulence and pathogenicity genes in determining the composition
of the E. ictaluri polyvalent vaccine. The identification of virulent genes showed
varied results and in general all isolates of E. ictaluri had T6SS (evpC) and urease
genes. The highest mortality of catfish due to infection with E. ictaluri of 96.67 —
100% occurred in fish infected with E. ictaluri PSb1G, PJbH, A2, P, and PBm1G
with an average time of death of 3.73-4.58 days postinfection. The mortality of
catfish due to ESC infection was not affected by the number of virulent genes
possessed by E. ictaluri. The E. ictaluri infection causes changes in clinical
pathological abnormalities, blood picture, and tissue damage.

The third phase of the study aimed to analyze the protein profile, whole cell
toxicity and extracellular product (ECP) and their correlation to pathogenicity. The
characterization of whole cell protein and ECP E. ictaluri using SDS-PAGE were
indicated by the results of molecular weight (BM) measurements in each



preparation. The protein profile of intact cells in PJbH isolates showed 14 protein
bands in the range 11.18 — 140 kDa, while in isolates P and PBm1G showed 10
protein bands in the range 11.18 — 71.06 kDa. The ECP protein profile detected
only found 2 bands, namely 11.18 and 14.30 kDa. The highest mortality occurred
in the treatment of whole cells P and PBm1G of 97.78% and 100%, while the PJbH
showed a low mortality of 15.56%. The whole cell toxicity causes clinical
symptoms, anatomic changes, and tissue damage.

The fourth stage of the study aimed to analyze the synergy and competence
of various E.ictaluri bacterin antigens in inducing immunity in catfish. The results
of the characterization of phenotype, genotype, strain similarity, virulence, and
pathogenicity genes, whole cell potential were used as the basis for the preparation
of vaccine formulations. Vaccines were tested for quality and safety before being
used. The composition of the polyvalent vaccine consisted of PJbH, P, and PBm1G
isolates in a ratio of 1:1:1. The whole cell monovalent, bivalent, and polyvalent
vaccine preparations of E. ictaluri inactivated 0.3% formalin proved safe to use and
did not cause side effects in catfish. The E. ictaluri monovalent, bivalent, and
polyvalent vaccine efficacy with a concentration of 102° CFU mL* fish? injected
intraperitoneally. The inactivated polyvalent E. ictaluri vaccine provided the best
level of protection and shown to be able to increase specific and non-specific
immune responses until maintenance for 35 days.

The fifth stage of the study was aimed at assessing the effectiveness and
protection of the inactivated polyvalent whole cell vaccine of E. ictaluri bacterin
with and without a booster in producing an immune response and increasing
survival in catfish. The catfish were vaccinated with the inactivated polyvalent
bacterin E. ictaluri vaccine at concentrations of 10%° and 10° CFU mL™ fish. The
inactivated polyvalent whole cell E. ictaluri vaccine 10° CFU mL™* fish™ with a
booster was proven to be able to provide the best protection for RPS values of 90.47,
55.00 and 60.00% when challenged with PJbH, P, and PBm1G isolates and showed
an increase in specific and non-specific immune responses compared to non booster
until maintenance for 77 days.

The final conclusion from this research was that E. ictaluri originating from
Java, Sumatra, and Kalimantan, differ in phenotype and genotype; have variations
in the number of different virulent genes but generally have T6SS (evpC) and urease
genes. The E. ictaluri infection causes changes in clinical pathological
abnormalities, blood picture, and tissue damage. The whole cell of E. ictaluri
contain components of virulent factors that play a role in the pathogenesis
mechanism of ESC infection which causes a high mortality rate of 97.78-100% in
catfish. The monovalent, bivalent, and polyvalent whole cell vaccines E. ictaluri
inactivated formalin 0.3% proved safe to use and did not cause side effects in
catfish; the polyvalent inactivated vaccine E. ictaluri at a concentration of 101° CFU
mL* fisht was able to induce specific and non-specific immune responses and
provide the best protection with RPS values. by 61.02% against multiple infections
of E. ictaluri compared to monovalent, bivalent, and control axins to maintenance
for 35 days. The polyvalent vaccines of E. ictaluri at a concentration of 10'° CFU
mL* fish™ with a booster were able to induce specific and non-specific immune
responses and provide the best protection with the highest RPS value against E.
ictaluri PJbH, P, and PBm1G infection until maintenance for 77 days.

Keywords: E. ictaluri, genotype, phenotype, polyvalent, relative percent survival
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