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Abstract: This study describes the levels of gut lysozyme and IgM, the number, size and density of
gut-associated lymphoid tissue (GALT) regions, and the lymphocyte population in Asian seabass
following field oral administration of a feed-based vaccine. Fish in a grow-out farm were selected
and divided into two groups; Group 1 was vaccinated at week 0, 2, and 6, while Group 2 was not
vaccinated. Samplings were done at 2-week intervals when the fish were observed for clinical signs,
and gross lesions were recorded. The intestinal tissue and gut lavage fluid were collected. GALT
regions (numbers, size, density and population of lymphocytes) were analyzed. Clinical signs such
as abnormal swimming pattern and death, and gross lesions including scale loss, ocular opacity,
and skin ulceration were observed in both groups. At the end of the study, the incidence rate be-
tween both groups were significantly different (p < 0.05). The gut IgM level and lysozyme activity,
lymphocyte population, number, size and density of GALT regions of Group 1 were significantly
(p <0.05) higher than Group 2. Therefore, this study concludes that the feed-based vaccine reduces
the incidence of vibriosis by stimulating the gut immunity of the vaccinated fish with an enhanced

GALT region, specific IgM production against Vibrio harveyi, and lysozyme responses.
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1. Introduction

Vibrio spp. are Gram-negative bacteria, with a sheath-enclosed polar flagella that are
either straight or comma-shaped rod [1]. They are found mainly in the marine environ-
ment [1,2], but despite being halophiles, they are also present in freshwater. Vibrio anguil-
larum, V. ordalii, V. salmonicida, V. vulnificus, V. alginolyticus, V. harveyi, V. parahaemolyticus,
V. ponticus and Photobacterium damselae subsp. damselae are recognised as important species
that cause vibriosis in cultured marine fishes [3,4]. Infection starts either from the intestine
after oral ingestion, or from aberrated skin and gills. The resulting septicaemia leads to
lodging of the bacterium in vital organs like liver, spleen and kidney [5]. Marine fish and
shellfish are frequently affected by vibriosis thus, is regarded as one of the most important
diseases of wild and reared aquatic animals [6]. Vibriosis is economically important in
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marine fish culture, where fishes are predisposed to at least one Vibrio sp. [3,4]. Hitherto,
vibriosis has a worldwide distribution [3].

Bacterial diseases cause significant economic impacts to the marine aquaculture in-
dustry [7]. The economic loss due to vibriosis is largely incriminated to the high cumula-
tive mortality, which is about 40% [2]. A recent study in Malaysia disclosed that the aver-
age cost of vibriosis in Asian seabass (Lates calcarifer) cultured in floating marine cage-
culture system was 0.24 USD/tail and with mortality, it costs 0.19 USD/tail. The cost of
treatment was 0.05 USD/tail and diagnosis was 0.003 USD/tail [8]. Thus, Malaysia was
reported to face a total loss of 7.4 million USD due to vibriosis in cultured marine fish [8].
In early 1990, Indonesia reported more than 100 million USD due to vibriosis in shrimp
farm. Vibriosis was shown to reduce the growth rate in marine cultured fish due to stress
and inappetence, thus causing decrease in productivity [2].

Antibiotics, particularly oxytetracycline, tetracycline, quinolones, nitrofurans, poten-
tiated sulfonamides, trimethoprim, sarafloxacin, flumequine and oxolinic acid are used to
control bacterial outbreaks, including vibriosis [2]. Although they are effective to control
vibriosis, the risk of developing antibiotic resistance is a public health concern. Therefore,
researches have been conducted to explore the use of vaccine against vibriosis in fish. Un-
like antibiotics, which is bactericidal, vaccines stimulate the immune system of fish
through antibody production that protects the fish from specific diseases [4,9,10].

In general, livestock vaccination should consider three main aspects; the ability to
confer long-term protection, the ease of vaccine delivery, and widespread vaccine cover-
age [11]. Considering these aspects, oral vaccination is superior in the latter two aspects.
However, the intraperitoneal and intramuscular injections could possibly result in better
protection levels by eliciting systemic immune responses [12,13]. Nevertheless, vaccines
delivered via injection have few disadvantages such as fish must be anesthetized prior to
vaccination to reduce stress. Furthermore, it is time consuming, laborious, and may cause
severe reaction, especially in the event where it was not properly administered [11].

Oral vaccination is the easiest delivery method and the antigen is directly delivered
into the digestive system of the fish [14], stimulating the mucosal immunity through the
mucosa-associated lymphoid tissue (MALT). In the intestinal tract of animals including
fish, the gut-associated lymphoid tissue (GALT) is a MALT that is expected to be stimu-
lated following oral vaccination. Studies pertaining to GALT is important as the intestine
is a major portal of entry of vibriosis; commercial pellets are used to feed farmed fish thus,
provides opportunity to regulate fish health by addition of drugs and vaccines [15].

Previously, we developed and tested a feed-based vaccine against vibriosis that was
proven to be efficacious to prevent vibriosis in Asian sea bass and grouper in field settings
[16,17]. Furthermore, it also resulted in significant increment of growth rate, decreased
rate of Vibrio spp. isolation, and higher lysozyme activities and IgM in the mucus and
serum [16]. Since this is a feed-based vaccine, it is expected to also stimulate the mucosal
gut immunity. Thus, this study seek to understand the mechanisms of this feed-base
against vibriosis by assessing the mucosal immune response of Asian seabass.

2. Materials and Methods
2.1. Feed-Based Vaccine Preparation

Trypticase soy agar (TSA) (Oxoid, UK) supplemented with 1.5% NaCl was used to
culture Vibrio harveyi strain VHI1. Then, the colonies were transferred into flasks contain-
ing Trypticase soy broth (TSB) (Oxoid, UK) with 1.5% NaCl and were incubated at 30 °C
in a rotary shaker at 150 rpm overnight. The standard plate count technique was used to
determine bacterial concentration before the concentration was adjusted to 6.7 x 108 cfu
mL-. Then, 0.5% neutral-buffered formalin in phosphate-buffered saline (PBS) was added
and incubated for 24 h at 4 °C to inactivate the bacteria. The suspension was washed four
times using sterile PBS followed by centrifugation at 6000x g for 15 min to remove the
media and formalin residues. The inactivated bacteria was then resuspended into sterile
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PBS, streaked onto TSA supplemented with 1.5% NaCl, and incubated at 30 °C overnight.
This was done to reconfirm that the bacterial cells were successfully inactivated.

A feed-based adjuvant vaccine was prepared following previously described method
[18]. The palm oil (Vesawit, Malaysia) was used as an adjuvant and oil was mixed with
the inactivated bacteria to a final concentration of 10%. To prepare the vaccine-incorpo-
rated vaccine feed, commercial fish feed pellets (Star Feed, Star Feed Mills SDN. BHD.,
Klang, Malaysia) were ground to a fine powder. The vaccine-adjuvant mixture was dis-
tributed onto the feed powder using an industrial mixture (Golden Bull-B10-A Universal
Mixers, Johor Bahru, Malaysia) to achieve the final concentration of 108 cfu g of feed. PBS
and palm oil were mixed with the same commercial pellet and was used as a sham feed-
based vaccine. Finally, a mini feed pellet machine (Golden Avill, Guangdong Province,
China) was used to re-pellet the vaccine-incorporated feed to the size of 1 cm x 0.5 cm
before drying for 48 h at 30 °C.

2.2. Fish

The study was conducted in a commercial farm in Pulau Ketam, Selangor, Malaysia.
A total of 4800 Asian seabass with an average body weight of 182 + 31 g were selected and
kept within 8 net cages sizing 4 m x 4 m x 3.5 m. They were selected from a farm with
endemic vibriosis and were kept in the same farm. Fifteen fish were randomly selected
from each cage, and were dissected before swab samples were collected from the gut and
kidney. The swabs were then cultured onto Thiosulfate-Citrate-Bile Salts-Sucrose (TCBS)
agar as a selective media for Vibrio spp., followed by incubation for 24 h at 30 °C to ensure
that the fish were free from Vibrio spp. As no Vibrio spp. was detected in these samples,
the fish were determined to be free of vibriosis prior to the start of the study.

2.3. Experimental Design and Vaccine Regimen

Fish of Group 1 were vaccinated by feeding with the feed-based inactivated vaccine,
whereas Group 2 was fed with the sham feed-based vaccine and served as a non-vac-
cinated control group. All fish from both groups were not fed for 24 h prior to the feeding
of feed-based vaccine for Group 1, and sham feed-based vaccine for group 2. This was to
ensure intake of the feed for all fish. The first vaccination was done on week 0, followed
by the first and second boosters on weeks 2 and 6, respectively. During each vaccination,
the feed-based vaccine was given for three consecutive days at 4% body weight. On other
days, the fish were fed with untreated commercialized pellets (Figure 1). The feeding and
husbandry practices of the farm were maintained. The vaccination trial was carried out
for a total of 16 weeks.

-+ttt

o 1 2 3 4 5 6 7 8 9 10 141 12 13 14 15 15

Weeks l l

First booster Second booster

[[] Three consecutive days of vaccination

[0 Sampling

Figure 1. Summary of vaccination regimen using the feed-based inactivated V. harveyi vaccine in
Asian seabass.
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2.4. Sampling

Sampling was done at 2-week intervals starting from week 0 until the end of the
study on week 16. During each sampling, data of incidence rates and general clinical signs
were noted before 15 fish from each replicate were randomly selected and immediately
euthanized by pithing. Necropsy was conducted immediately to examine for gross le-
sions. The gut was sampled for collection of lavage fluid [18] and histology examinations.

2.5. Incidence Rate

To determine the incidence rate, 15 random fish were collected from each replicate.
Based on the presence of gross lesions suggestive of vibriosis, and positive Vibrio spp.
isolation and detection, from the kidney and gut samples, the diagnosis were collected
from 15 random fish of each replicate. These samples were subjected to bacteriology by
culturing on TCBS agar for 24 h at 30 °C. Suspected colonies of Vibrio spp. were collected
and confirmed by PCR using a previously described protocol [19]. Detection of Vibrio spp.
in the kidney and gut were considered positive of vibriosis. The incidence rates were cal-
culated using the following formula:

(Number of fish with vibriosis/15) x 100 1)

2.6. Measurement of Gut Specific IgM against V. harveyi

The gut IgM levels were measured using indirect ELISA according to a previously
described method, with minor modifications [18]. Flat-bottom microtitre plates (Greiner-
bio One, Frickenhausen, German) were coated with 100 uL coating antigen containing 105
formalin-killed whole cells of V. harveyi per mL, in carbonate-bicarbonate buffer per well.
The plates were left overnight at 4 °C, followed by washing twice with phosphate buffer
saline +0.05% Tween 20 (PBST). Then, 200 uL of 1% bovine serum albumin (BSA), diluted
in PBS, was used to block the plate by incubation for 1 h at 37 °C. Once the reaction wells
were washed thrice with PBST, 100 puL of 1:1000 gut lavage, diluted in PBS, was trans-
ferred into the reaction well and re-incubated for 1 h at 37-C. The unbounded antibodies
were removed by washing the reaction wells thrice with PBST. Specific IgM was detected
using anti-Asian seabass IgM monoclonal antibody (Aquatic Diagnostics Ltd., Stirling,
UK, 1/33 in PBS, 1 h), accompanied by incubation with anti-mouse HRP (1/5000, Nordic,
1 h). Then, 100 pL of TMB substrate solution (Thermo Fisher Scientific, Waltham, MA,
USA) was added into the reaction wells after washing three time along with PBST. The
reaction was stopped with 0.2 mol/L sulphuric acids. Multiskan spectrum microplate
reader (Thermo Fisher Scientific Inc., Madison, WI, USA) was used to obtain the values
by measuring the absorbance at 450 nm. The cut-off value was the highest possible true-
positive rate that was used as an indication of protection. It was determined by perform-
ing ELISA on 100 samples collected from non-immunized and uninfected fish [20].

2.7. Measurement of Gut Lysozyme Activity

Lysozyme activity was measured based on the lysis of the lysozyme sensitive Gram-
positive bacterium, Micrococcus lysodiekticus (Sigma-Aldrich, St Louis, MO, USA) [21].
Twenty-five pL of gut lavage fluid was added into 75 pL of lyophilized M. lysodeikticus
cell suspension (Sigma, 75 mg/mL) prepared with 0.1 M phosphate citrate buffer at pH 6.3
in wells of a 96-well plate in triplicate. After rapid mixing, the change in turbidity was
measured every 30 s for 5 min at 450 nm. The absorbance was measured continuously for
1 h at 450 nm. A unit of lysozyme activity was defined as the amount of enzyme causing
a decrease in absorbance of 0.001 per min and expressed as U/mg unit.
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2.8. Gut Histopathology

The posterior guts were excised from the collected gut samples and were fixed in 10%
neutral buffered formalin for at least 48 h. The hindguts were selected and were subjected
to routine tissue processing using paraffin embedded technique. Sectioning was done at
4 um, and the tissues were stained with Hematoxylin and Eosin. These sections were ex-
amined and scored based on a previously described method [22]. Briefly, eight random
fields were examined at magnifications 40x to 400x. Lesions were described and types of
lesions were noted. Subsequently, these lesions were scored under the magnification of
200x. For each type of lesion, they were semi-quantitatively scored; score 0 for normal
tissue, score 1 for tissue with <15 % lesion, score 2 for tissue with 15-30% lesion, score 3
for tissue with 30-50% lesion, and score 4 for tissue with >50% lesion.

2.9. GALT Histomorphometric Analysis

Similar tissue sections were used for histomorphometric analysis of GALTs [23,24],
which included determining GALT regions, its area size and density, in addition to the
number of lymphocytes. The sections were observed using Microscope Nikon Trinocular
Clinical 50 i Eclipse (Nikon, Japan) at 200x and 400x magnifications [13]. For each sample,
a total of 10 microscopic fields [24], were observed and analysed. The area of GALT was
measured using Image] [25]. Number of lymphocytes in GALTs were manually counted.
Based on the number of lymphocytes and the measured area, the density of the GALT was
calculated by dividing the number of lymphocytes by the area of GALT, and was ex-
pressed in cell unit pm=2 (Cu pm-2).

2.10. Statistical Analysis

Data of the incidence rate, gut IgM level, lysozyme activity, GALT area, lymphocyte
population and GALT histomorphometric were analysed using T-test to compare be-
tween the two groups. Results were deemed significant at p < 0.05. All statistical analyses
were performed using IBM SPSS Statistics® version 25.0.

3. Results
3.1. Clinical Findings and Gross Lesions

Clinical signs and gross lesions were observed in both groups. The clinical signs in-
cluded abnormal swimming such as consistent swimming at the water surface, erratic
swimming, and death. All clinical signs were observed as early as week 2 and continued
until the end of the study. At necropsy, various gross lesions typical of vibriosis were
observed in both groups between week 2 and week 16. Loss of scales was the earliest gross
lesion, starting from week 2. At week 6, some fish from both groups were observed with
ocular opacity, accompanied by loss of scales. In the control Group 2, these lesions were
usually accompanied by skin ulceration, which was absent in the vaccinated fish of Group
1. From week 10, some fish developed fin erosion with severe ocular opacity and extensive
scale loss and skin ulceration (Figure 2). These lesions persisted until the end of the exper-
imental period. All dead fish developed at least one of these lesions.
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Figure 2. Gross lesions in Asian seabass observed throughout the 16-week vaccination trial. (a) Ar-
eas of scale loss (arrows), which was observed on week 2. (b) Ocular opacity (arrow) was observed
on week 6. (c) Extensive loss of scale was observed on week 8. Note the reddish discoloration (ar-
rows) due to ulceration. (d) Extensive loss of scale, ulceration, and fin erosion, accompanied by se-
vere ocular opacity in week 10.

3.2. Incidence Rates of Vibriosis

In week 0 both vaccinated and control groups had no incidence rate of vibriosis,
while in week 2, the incidence rates of vibriosis in both groups were about 10%, showing
no significant (p > 0.05) difference between the two groups. Thereafter, the incidence rates
of vibriosis in the control group spiked and reached its highest at (28.3 + 2.7), and re-
mained significantly (p <0.05) higher compared to the vaccinated group until week 14. On
the contrary, the incidence rates of vibriosis in the vaccinated group remained lower than
those of the control group from week 4 until week 14, ranging between (10-17%). In week
16, the incidence rates of vibriosis in the two groups were not significantly (p > 0.05) dif-
ferent (Figure 3).

35

N w
(4] o
*

Incidence Rate (%)
N
o

15
10
5
0
0 2 4 6 8 10 12 14 16
Week
~—a— Group 1 (vaccinated) ~—&— Group 2 (control)

Figure 3. The incidence rates of vibriosis following vaccination with a feed-based vaccine. Asterisks
(*) indicate significant (p < 0.05) difference between the two groups at various sampling points.
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3.3. Gut Specific IgM against V. harveyi

In general, the gut specific IgM against V. harveyi of both groups showed similar pat-
terns throughout the study. The gut IgM levels were consistently higher in the vaccinated
Group 1 compared to the control Group 2 from week 2 until the end of the vaccination
trial. However, significant (p < 0.05) higher levels were observed in the vaccinated Group
2 compared to the control Group 2 following boosters on weeks 2 and 6. In the vaccinated
Group 1, Between weeks 4 and 8§, the gut specific IgM against V. harveyi levels increased
and peaked on week 8, following the second booster. Thereafter, the levels of gut specific
IgM against V. harveyi of both groups showed a downward trend, but with those of the
vaccinated Group 1 consistently showing significantly (p < 0.05) higher levels compared
to the non-vaccinated Group 2 (Figure 4a).

a b

o N o ©

OD 45 nm
Lysozyme Activity (U/mL)

© = N W & »n

Week Week

—a— Group | (vaccinated) ~—e— Group 2 (control) ~—Group I (vaccinated) == Group 2 (control)

Figure 4. (a) The gut IgM response following vaccination with a feed-based vaccine. Dashed line
indicates the cut-off value. (b) The lysozyme activity of the gut following vaccination with a feed-
based vaccine. The control fish were fed commercial pellet formulated with PBS. Asterisks (*) indi-
cate significant (p < 0.05) difference between the two groups at various sampling points.

3.4. Gut Lysozyme Activities

The lysozyme activity in the gut lavage at week 0 for both groups was similar. Then,
the vaccinated group showed higher lysozyme activity in week 2. Between weeks 4 and
6, the vaccinated Group 1 showed significantly (p < 0.05) higher lysozyme activity than
the control Group 2 and continued to increase significant (p < 0.05) and rapidly in week 8
following the second booster. From week 8 onwards, the lysozyme activity of the vac-
cinated Group 1 started to decline but remained significantly (p < 0.05) higher in weeks 10
and 16 than the control Group 2. The highest lysozyme activity was in week 8 and lowest
was in week 0. The control group showed similar trend with slow increased between
weeks 2 and 6. This was followed by a rapid increase in week 8, a slight decreased in week
10, increased back in week 14 and continued to decline in week 16. The highest lysozyme
activity of the control group was in week 8 and lowest in week 0 (Figure 4b).

3.5. Gut Histopathology

Both groups showed similar histopathological changes in the intestine. The guts were
either normal or with mild inflammation, mild congestion or minimal haemorrhage. The
inflammation was characterized by mild infiltration by eosinophilic granular cells in the
lamina propria, while congestion was mild, involving few blood vessels. Similarly, haem-
orrhage was minimal and limited to the mucosal layer (Figure 5). Histopathological scor-
ing of the gut revealed generally low scores for all types of lesions (inflammation, conges-
tion, and haemorrhage), and no significant (p > 0.05) difference was observed between the
vaccinated Group 1 and the control Group 2 for all types of lesion (Table 1).
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Table 1. Comparison of the histopathological lesion severity scores of the gut of the vaccinated and
non-vaccinated control Asian seabass.

Lesions Group 1 (Vaccinated) Group 2 (Control)
Inflammation 0.46 + 0.08 0.56 +0.10
Congestion 0.36 +0.07 0.30+0.08
Haemorrhage 0.18 +0.05 0.28 +0.08
Overall 0.33 £ 0.04 0.38 + 0.05

Figure 5. Histopathology of the gut of vaccinated and control Asian seabass. (a) Mild inflammation
involving eosinophilic granular cell (arrows) infiltrates in the gut mucosa. (b) Mild congestion of
blood vessels (arrows) in the lamina propria and muscularis layer.

3.6. Assessment of GALT Regions

GALTSs were observed in the guts of both groups. They were observed either at the
base of villi in the lamina propria, or within the villi, also known as lymphocyte-filled villi
(Figure 6a,b). Majority of the GALT regions showed scattered pattern instead of a clear
aggregation. The mean number of GALT regions of both groups was similar throughout
the study period, which was generally low, ranging between 1 and 4. The number of
GALT regions of both groups were constant in the first two weeks of the study. At week
4, a slight increase was observed in the control group, while the vaccinated group showed
significant (p < 0.05) and abrupt increase in the number of GALT regions.
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Figure 6. Microscopic features of GALT of Asian seabass. (a) GALT in the form of lymphoid aggre-
gates (arrows) in the lamina propria at the base of intestinal villi. (b) GALT in the form of lympho-
cyte-filled villi (arrow).

Later, the numbers of GALT regions in both groups started to decrease before in-
creased again in week 10. However, the number of GALT regions of the vaccinated group
was significantly (p < 0.05) higher in week 8. Starting from week 14 onwards, the trend
between the two groups were not similar (Figure 7a). It was observed that the mean num-
ber of GALT regions in the vaccinated group increased following administration of boost-
ers at weeks 2 and 6.

Measurement and analysis of the size of GALT regions revealed that both groups had
similar size of GALT regions at the beginning of the study. However, both groups showed
a slow increasing trend between weeks 0 and 6. Despite the similar trend during this pe-
riod, the size of GALT regions in the vaccinated group was significantly (p < 0.05) bigger
than the control group. Between weeks 8 and 12, both groups showed marked increased
in size of GALT regions. Similar to the previous weeks, both groups showed an increasing
size, but the size of GALT regions in the vaccinated group was significantly (p < 0.05)
bigger than the control group. The size of GALT regions of the vaccinated group reached
peak on week 14. On the contrary, the size of GALT regions of the control Group 2 showed
a slight reduction but both groups had similar size of GALT regions at the end of the
study. There were significant (p < 0.05) differences in the size of GALT regions between
both groups at all sampling points except for weeks 0 and 16 (Figure 7b).

The number of lymphocyte in the vaccinated group increased between weeks 0 and
2 that was significantly (p < 0.05) more than the control group. The number decreased in
weeks 4 and 6 but remained significantly (p <0.05) more than the control group. Following
the second booster in week 6, the number of lymphocyte in the vaccinated group rapidly
increased and was significantly (p < 0.05) more than the control group. There was a slight
decrease in week 12, but recovered back in week 14 before decreased again in week 16. In
weeks 12 and 14, the numbers of lymphocyte were significantly (p < 0.05) more than the
control group. The highest number of lymphocyte was in week 14 and lowest in week 0.
The control group showed a decreasing number between weeks 0 and 2, but later in-
creased between weeks 4 and 12, decreased slightly in week 14 but finally increased back
in week 16. The highest lymphocyte population was in week 12 and lowest in week 2
(Figure 7c).

The density of GALT regions in the vaccinated group showed an increasing trend
between weeks 0 and 8, with rapid increase following booster vaccine at week 6. Between
weeks 2 8, the vaccinated group has a significantly (p < 0.05) higher density of GALT re-
gions than the control group. Weeks 10 and 12 showed a decreasing trend before increased
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back in week 14, and later decreased again in week 16. The highest density of GALT re-
gions was in week 14 and lowest in week 0. The control group showed an increasing trend
between weeks 0 and 4, and decreased between weeks 6 and 8, slightly increased in weeks
10 and 12, and then decreased in weeks 14 and 16. The highest lymphocyte population
was in week 12 and lowest was in week 8 (Figure 7d). Micrographs of GALT regions of
the vaccinated and control Asian seabass throughout the study are presented in Figure 8.

Analysis of data throughout the 16-week study revealed a significant (p < 0.05) posi-
tive correlation (r = 0.88) between the size of GALT regions and number of lymphocytes
in the GALT regions. Similarly, the size of GALT regions, lymphocyte population and
GALT regions density showed significant (p < 0.05) differences between the groups but
not the number of GALT regions. The GALT regions number for the vaccinated group
was 2.4 +1.90, while that of the control group was 1.43 + 1.49, but the mean size of GALT
regions of the vaccinated group was 788.43 + 1065.62 pm? compared to 311.15 + 389.46 um?
of the control group. The lymphocyte population of the vaccinated group was 444.16 +
407.72 Cu, which was more than the control group (160.68 +186.05 Cu). The GALT regions
density of the vaccinated group was 1.37 + 0.92 Cu pum2, while that of the control group
was 1.20 £ 1.14 Cu pm=2.

a b
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S 25 2
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2 2 s 1500
- ]
S s [
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Y <
05 C s
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0 2 4 6 8 10 12 14 16
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et Group | (vaccinated) = Group 2 (control) «t Group | (vaccinated) ~=a— Group 2 (control)
c d
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E‘ :_ 250
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Figure 7. (a) The number of GALT regions following vaccination with feed-based vaccine. No sig-
nificant (p > 0.05) difference was observed throughout the study. (b) The size of GALT regions fol-
lowing vaccination. (c) The lymphocyte population. (d) The density of GALT regions. The control
fish were fed commercial pellet formulated with PBS. Asterisks (*) indicate a significant (p < 0.05)
difference between the two groups at a particular sampling point.
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Figure 8. Representative micrographs of GALT regions (arrows) of the vaccinated and control Asian
seabass. Insets are higher magnification for the GALT regions. GALT regions are small in both
groups at week 0. GALT regions are generally larger and denser in the vaccinated Group 1 com-
pared to the control Group 2 at week 4, 8, and 14.

4. Discussion

The vaccinated and non-vaccinated fish produced similar clinical signs and external
lesions, which remained even after the booster vaccinations. However, the control group
was generally showing a more severe skin lesion compared to the vaccinated group
whereby ulceration was seen only in the control group. This observation suggests some
degree of protection that hinder further development of external lesions. This is important
as the presence of external lesions can reduce the marketability of fish thus, affecting the
income of the farmers [2]. Vaccination enhances the resistance of fish against pathogens
with the assistance of antibodies or interfering with the receptors used by the bacteria to
infect cells [13]. This field study showed a significant difference on the incidence rate be-
tween the vaccinated and control groups, which reflects the ability of the vaccine to pro-
tect the vaccinated group.

Similar to a previous study on a feed-based vaccine of Streptococcus inige, enhance-
ment in the specific IgM and lysozyme activity reflects the ability of the vaccine to provide
both innate and humoral responses [24]. Lysozyme activity is one of the important pa-
rameters in innate immune response, involving a mucolytic enzyme that is antibacterial,
and could stimulate phagocytosis. The enzyme is known as an indicator of a non-specific
immune system that can kill both Gram-negative and Gram-positive bacteria [26]. The
lysozyme levels can be affected by factors like stress, infection, season, sex, sexual ma-
turity, salinity, water temperature, pH, sedimentation, nutrition, toxicants, probiotics and
immunostimulants [27]. An increase in lysozyme activity in both the control and vac-
cinated groups 2 weeks after the second booster reflects the innate immune response
against vibriosis. There was absence of outbreak in the farm during the 16-week study but
the similar increasing trends and peak between the two groups in week 8 suggests envi-
ronmental changes such as an increase in water temperature that may have cause the peak
which was similarly seen in a previous study done [27]. Even though, both groups showed
an increasing trend, the lysozyme activity in the vaccinated group was persistently higher
than the control group. Previously, a study stated that the levels of lysozyme activity will
start decreasing over time because the adaptive immune response has taken over which
was similarly seen in this study [27].

IgM in the main Ig in teleost and plays a main role in systemic immune response [3].
It is secreted by the gut epithelium [15]. The current study showed that specific IgM levels
against V. harveyi of the gut increases after vaccination. IgM is known to be present in the
gut mucus following vaccination [15]. In this study, the levels of the specific IgM against
V. harveyi in the posterior gut remained high following the second booster till the end of
the 16-week study period. This observation is generally similar to a previous study that
employed a formalin-killed feed-based vaccine against S. iniae [24]. Following vaccination,
the intraepithelial macrophages and lymphoid tissues in the gut take up the antigen. Sub-
sequently, the antigens are phagocytosed by the macrophages before these cells migrate
to other lymphoid organs, eliciting a systemic immune response [13]. In this study, the
specific IgM against V. harveyi levels appear to be in agreement with histomorphometric
of the GALT regions wherein the vaccinated fish showed stimulation of the GALT regions
size, lymphocyte population, and density, but not the GALT regions number. Many pre-
vious laboratory studies have shown significant increment in the number and size of
GALT regions among vaccinated fish [13,23,24]. In this field study, it is possible that the
insignificant number of GALT regions between the two groups could be due to natural
environmental factors. In field situations, fish are in constant contact with pathogens,
where immune responses including GALT regions along the gastrointestinal tract are
stimulated [28].
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Significance in the numbers of GALT regions between the two groups was recorded
only in weeks 4 and 8, each corresponding to the booster dose on week 2. This suggests
that booster vaccinations stimulate further development of GALT [24]. In this study, var-
ious sizes and forms of GALT regions were observed; small, large, diffused, or in the form
of lymphocyte-filled villi. The diffused form of GALT regions were mostly seen from
week 10 onwards. It is possible that as more GALT regions were formed, they fused to-
gether, resulting in larger GALT regions but less number of GALT. This phenomenon,
however, was not previously reported in fish.

The lymphocyte population, and the size and density of GALT regions of the vac-
cinated fish were higher than the control fish. This reflects that vaccination recruited more
lymphocytes into the lamina propria of fish, causing the GALT regions density to be
higher [13]. Upon intake of vaccinated feed, the antigens translocate into the lamina pro-
pria [29], which incites of lymphocytes or other immune cells such as macrophages,
plasma cells, and lymphocytes that eventually leads to formation of GALT regions
[13,30,31]. In general for the teleost MALT, both B and T lymphocytes responses after an
infection or vaccination, which gives rise to mucosal specific adaptive immunity in fish
[32]. This is observed in this study as the vaccinated group showed an increasing trend of
the GALT regions development across the 16 weeks especially for the GALT regions size
and lymphocyte population following the second booster, as well as the specific IgM lev-
els against V. harveyi.

Even though the parameters of the vaccinated group showed to be higher than the
control, similar trends were seen in the control group for many of the measured parame-
ters. Due to the field setting of this study, persistent contact with pathogens in the envi-
ronment, and possible leaching of antigen from the vaccine due to water current are pos-
sible. Furthermore, development of GALT regions is a physiological phenomenon even in
non-vaccinated fish [33].

5. Conclusions

Oral vaccination using a feed-based Vibrio harveyi vaccine is beneficial to caged Asian
seabass where it reduces the incidence of vibriosis and the severity of external lesions. The
mechanisms of this vaccine involves stimulation of the gut immunity of the fish through
the production of specific IgM against V. harveyi, increased lysozyme activities, and stim-
ulation of GALT regions size and density, and their lymphocyte population.

6. Patents

The method and composition of the oral vaccine have been filed for a patent (Patent
number: P12021000105).
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