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Abstract: Infections with Flavobacterium oreochromis pose risks to Colossoma macropomum production.
Since no treatment exists, prophylaxis through vaccination is the only form for disease control. The
enzyme-linked immunosorbent assay (ELISA) is widely used in aquaculture to assess animal
immunity and mainly to validate vaccination protocols. The method based on the use of
immunoglobulin Y (IgY) is an alternative to consider due to its advantages over antibodies
produced by small mammals. This study aimed to standardize an indirect ELISA (iELISA) protocol
to validate the immunization of C. macropomum against F. oreochromis. A hen and fish were
immunized to obtain anti-C. macropomum and anti-F. oreochromis antibodies, which were used to
standardize the test. The iELISA was composed of the inactivated bacteria in the coating step, C.
macropomum anti-Flavobacterium oreochromis as the primary antibody, and anti-C. macropomum 1gY
as the secondary antibody. The results demonstrate that the highest antibody titers were among the
immunized groups, which were bacterin + adjuvant and bacterin. The iELISA enabled the detection
of antibodies produced by C. macropomum, which were mediated by IgY specificity.

Keywords: IgY; immunoassay; plasma; tambaqui; vaccine

1. Introduction

Colossoma macropomum has significant economic value in Latin America, despite facing
challenges in the intensification of its production [1]. Among the major issues related to the
production of this fish species, bacterial diseases can highlighted, with infections caused by
Aeromonas hydrophila [2], Aeromonas jandaei [3], Edwardsiella tarda [4] and Flavobacterium oreochromis [3]
having already been reported.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Columnaris-causing bacteria drastically affect tropical freshwater fish like C. macropomum [5].
These bacteria reside in water, ponds, mud and sediments, and can survive for extended periods in
various environmental conditions [6]. Fish affected by these pathogens may present clinical signs
such as anorexia, lethargy, erratic swimming, rapid opercular movements, gill lesions, tegument
erosion, fin erosion, melanosis and saddleback lesions [3]. High mortality rates associated with
columnaris have been reported in both natural and experimental infections [7,8]; However. vaccines
have been developed as an effective prophylactic measure against F. oreochromis [9]. Through
vaccination, the immune system is stimulated to develop memory antibodies, thus enhancing the
acquired immune response upon exposure to the pathogen [10].

To develop vaccination protocols, it is necessary to validate the immunological memory against
the target-pathogen through laboratory analyses such as the indirect enzyme-linked immunosorbent
assay (iELISA). This method involves coating a microplate with an antigen, followed by the
sequential addition of a primary antibody and a secondary antibody linked to a revealing enzyme
[11]. The ELISA assay requires specific antibodies for its standardization, which are used as
biotechnological tools [12]. Immunoglobulin G (IgG) produced by mammals is widely used in
research and laboratory diagnostics, but its extraction is invasive, often involving bloodletting and
euthanasia of animals like mice and rabbits to obtain large blood volumes [13]. As an alternative to
IgG, the immunoglobulin Y (IgY), which is produced by chickens, provides immune support during
the embryonic and post-natal phases [14]. IgY is abundantly produced in the egg yolk and serum of
birds, can be generated rapidly with minimal environmental impact, requires low investment in
infrastructure and has low production and handling costs when obtained from chickens [15]. IgY has
been used in aquaculture with good results for diagnostic purposes in various aquatic animals [16],
and has already been applied in immunological assays for the detection of infection by Aeromonas
hydrophila in fish [17].

Combining the potential use of IgY with emerging vaccinations against columnaris and
considering the scarcity of information on the immunity and antibody titers in C. macropomum, this
study aimed to standardize an iELISA using IgY extracted from chicken plasma to validate an
experimental vaccination protocol applied to C. macropomum against F. oreochromis.

2. Materials and Methods

2.1. Hen Immunization

A Dekalb White laying hen was maintained in an individual cage with drinking water and food
provided ad libitum. The hen was immunized via multiple pectoral muscle injections on days 0, 14,
and 21 with an inoculum containing 9.11 pL of C. macropomum immunoglobulin extract purified with
caprylic acid [18] and 300 pL of Montanide™ ISA adjuvant (Seppic, France), which was topped up to
600 pL with phosphate-buffered saline (PBS). Immunizations were carried out by the Ezscience
company (Manaus, Brazil). Blood samples were collected from the hen’s ulnar vein on days 0, 7, 14,
and 21. The aliquots were kept in the refrigerator for 2 h and then centrifuged at 2,000 x g at 4 °C for
12 min. The obtained plasma was stored at -80 °C until use in the ELISA standardization.

2.2. Bacterial Inoculum and Immunization of Fish against Flavobacterium oreochromis

The Flavobacterium oreochromis strain (AM-FO14) was previously obtained from diseased
Colossoma macropomum and ascertained according pathogenicity (complete Koch’s Postulate) and
identity (PCR-multiplex, REP-PCR and complete genome sequencing) [19]. The strain (stored at -80
°C in G broth enriched with glycerol 15%) was thawed and streaked onto G agar at 28 °C for 48 h. A
colony was picked, inoculated into G broth, and incubated under the same conditions, at 100 rpm.
The bacteria were resuspended in sterile PBS at a concentration of 3.3 x 10° colony-forming units
(CFU)/mL, which were determined using the plating-count method. The bacterial inoculum was
inactivated with 1% formalin and incubated at 4 °C for 24 h. Bacterin synthesis was confirmed by the
absence of bacterial growth on G agar (28 °C for 48 h). To produce the oil-adjuvanted vaccine, antigen
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(bacterin) and adjuvant (Montanide™) were mixed at a ratio of 27:73 (v/v), respectively, [20] and
emulsified.

For the immunization, fifty-four juvenile C. macropomum (average weight of 30 g) with no history
of diseases were acquired from a population maintained in tanks at Nilton Lins University. Prior to
the experimental assay, six fish were randomly selected and submitted to bacteriological examination
to ensure they were free from bacterial infections. The remaining fish were acclimated for 10 days
and later randomly distributed into the following groups: G1 — group inoculated with bacterin +
adjuvant, G2 — group inoculated with bacterin, G3 — group inoculated with adjuvant, and G4 — control
group (inoculated with sterile PBS). The fish were kept in polyethylene tanks (80 L) at a density of 6
fish per tank, with a supplementary aeration system, daily partial water exchange at a rate of 70%,
and a temperature of 28 °C. Commercial fish feed (Nutripiscis, Brazil, 36% protein) was provided
twice per day throughout the experimental and maintaince period. Immunization was carried out on
days 0 and 21 via intraperitoneal injection (i.p.), after anesthesia (benzocaine, 100 mg/L, immersion
bath), with 0.2 mL of inoculum per fish. On day 30, the experimental groups were inoculated with
bacterin via i.p. to stimulate the humoral response, except G4, which was inoculated with sterile PBS.
The experiment was conducted in duplicate. In order to evaluate humoral responses, blood samples
(0.5 mL) were collected from all fish via puncture of the caudal vein after anesthesia at 0, 21, 30, 40,
50, and 60-days post-inoculation (dpi).

2.3. Standardization of the iindirect Enzyme-Linked Immunosorbent Assay (iELISA)

For the standardization of the iELISA, polyethylene microplates (Kasvi, Brazil) were coated with
inactivated F. oreochromis diluted in carbonate/bicarbonate buffer (1:1,000). A volume of 50 pL of
concentrated antigen (0.5 x 102 CFU/mL) was added per well and the microplates were incubated in
a humid chamber for 1 h at 37 °C. For blocking, 150 pL of ELISA Blocking Buffer (Scienco Biotech,
Brazil) were added to each well, followed by incubation under the same conditions described above.
Next, the plate was washed four times with 200 uL per well of 1x PBS with 0.05% Tween (PBST).
After the washes, 50 uL of the primary antibody (anti-F. oreochromis from fish) were tested at the
following dilutions: 1:50, 1:100, 1:200, and 1:400. Then, the blocking buffer was added to each well
and incubated at 37 °C for 1 h. Five further washes with 200 uL PBST were performed. Then, 50 pL
of the unmarked secondary antibody (anti-C. macropomum 1gY), diluted at 1:100 in ELISA blocking
buffer were added in each well to recognize the primary antibody bound to the antigen fixed to the
plate. The plate was again incubated in a humid chamber at 37 °C for 1 h, followed by five washes
with PBST. Then, 50 uL of the labeled secondary antibody, goat anti-chicken IgY (Sigma-Aldrich,
Germany, catalog number: SAB3700226), diluted at 1:10,000 in ELISA blocking buffer, were added to
each well, followed by incubation (37 °C for 1 h) and five washes with PBST. The reaction step was
carried out using One Step — TMB Linear (Scienco) chromogenic substrate, added at 50 uL/well, with
a 2-minute reaction time. The reaction was stopped with 25 pL of 1M sulfuric acid in each well. The
plates were read in an ELISA plate reader (LMR-96, Loccus, Brazil) at a wavelength of 450 nm to
assess optical density.

2.4. Statistical Analysis

After standardizing the technique, the comparison between experimental groups was
performed using linear mixed models, which were implemented according to the experiment’s
longitudinal dependency. The cut-off point was defined using the mean optical density readings from
negative samples (G3 and G4) multiplied by three times the standard deviation [21]. Groups with
antibody levels equal to or greater than the cut-off were considered immunized. Those with lower
results were considered unimmunized. Statistical analysis was conducted using R software v.4.3.1
[22], with various packages (tidyverse, Ime4, sjPlot, and hnp), considering a significance level of p <
0.05.
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3. Results

The iELISA was performed under the following conditions: 50 pL of antigen per well, 50 uL of
C. macropomum plasma diluted at 1:400 (best dilution of the primary antibody), 50 pL of anti-C.
macropomum IgY at 1:100 as the unlabeled secondary antibody, and 50 uL of anti-IgY at 1:10,000 as
the labeled secondary antibody. Under these conditions, the temporal samples from the experimental
groups were subjected to absorbance testing and analysis. Figure 1 shows the distribution of antibody
titers among the experimental groups. In general, groups G1 and G2 exhibited higher antibody titer
values, while the groups injected with adjuvant (G3) and PBS (G4) inoculum showed lower titer
values. When analyzing absorbance over time, it is evident that the G2 group had a stronger reaction
at day 0 compared to the other groups, but it was surpassed by the G1 at 40 and 50 days. The G1, G3
and G4 groups showed similar titration levels at 0 and 21 days, but G1 increased antibody titers from
day 30, the day on which the fish were re-inoculated with bacterin.
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ws= G3 ADJ
—— G4PBS
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0.00 1 . o
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Figure 1. Descriptive exploratory representation of the differences in absorbance values between the
groups over time at 0, 21, 30, 40, 50 and 60 days. Similar results were observed between G1 and G2,
with differences compared to G3 and G4.

The linear regression (mixed model) showed that G1 and G2 were similar and both differed from
groups G3 and G4 (Table 1).

Table 1. Linear regression analysis with a random effect for absorbance values. G1 was selected as
the reference for comparison with G2, G3 and G4.

Predictors Estimates Confidence interval p value
G1 - Bacterin + Adjuvant Ref. Ref. a
G2 - Bacterin 0.01 -0.00 - 0.02 0.091 2
G3 - Adjuvant -0.05 -0.06 - -0.04 <0.001°®
G4 - Control -0.05 -0.06 —-0.04 <0.001°®

According to the cut-off that was determined (0.088 ODuso), G1 and G2 were considered
immunized from 21 dpi (exceeded cut-off value). Groups G3 and G4 did not reach the cut-off


https://doi.org/10.20944/preprints202408.1454.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2024 d0i:10.20944/preprints202408.1454.v1

throughout the analysis and are therefore considered unimmunized. The model’s prediction (Figure
2) shows the overlap of confidence bands between G1 and G2, demonstrating the statistical similarity
between those immunized with bacterin + adjuvant and bacterin. The figure also shows the overlap
of bands between G3 and G4, demonstrating the statistical similarity between those that are
unimmunized. According to the regression analysis (Table 1), the immunized groups differ (p<0.05)
from unimmunized groups.
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Figure 2. Representation of the model’s prediction. Cut-off determined at 0.088 (3x standard
deviation, upper dashed line) and 0.077 (2x standard deviation, lower dashed line) ODuso.

4. Discussion

This study demonstrated the potential of anti-C. macropomum IgY in recognizing the fish’s
humoral immunity, ensuring the reliability of the developed standardization of the iELISA. iELISA
has already been established to evaluate humoral immunity in fish species such as Ictalurus punctatus
[23], Oreochromis niloticus [24] and Piaractus mesopotamicus [25]. Despite the imminent risks that
Flavobacterium sp. can pose to fish production, to our knowledge, to date, there is no description of
this fundamental tool for the detection of antibodies against Flavobacterium oreochromis that infects C.
macropomum.

For the standardization of the iELISA, the implementation of IgY technology is an ethical and
cost-effective alternative [26]. Unlike the production of antibodies in mammals, the use of IgY
eliminates the need for bleeding and killing animals and produces a high yield of antibodies [27].
Additionally, it offers practical material collection and ease of handling [28], especially when
extracted from chicken eggs. The use of IgY has already been described for the immunodetection of
Aeromonas hydrophila [29] and Streptococcus agalactiae [30] in Oreochromis niloticus. Despite evidence of
promising applicability in fish farming, to our knowledge, this study is the first to implement a
methodology for IgY production using an Amazonian fish species.

The standardization of the iELISA developed in this study demonstrated that IgY specific to C.
macropomum (anti-C. macropomum IgY) was successfully recognized by the fish serum, indicating that
the immune response or the presence of the target-protein in the serum can be successfully detected
by IgY antibodies. Therefore, it allowed the antibody titration in fish immunized against columnaris.
The results achieved support a standardized technique that, despite being performed at an
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experimental level, could be used in the market as a laboratory method to verify the health and/or
immunization status of C. macropomum.

In our study, it was observed that, on day 0, there was a similarity in antibody titers between
groups G1, G3 and G4, while G2 had a greater abundance. Operational factors can influence the
accuracy of the test and result in a false positive, such as the use of a polyclonal antibody, which has
less specificity compared to a monoclonal antibody and has the capacity to recognize different
epitopes, enabling cross-reactivity in the ELISA [31]. Furthermore, there is also the possibility of the
prior exposure of individuals in G2 to Flavobacterium oreochromis, since the bacteria are present in the
aquatic environment and healthy fish may be infected [32]; however, the disease could manifest itself
when associated with predisposing factors such as poor water quality, injuries and prolonged
transportation [3].

The fish were immunized on day 0 and received a booster on day 21. The increase in antibody
abundance between these days, especially in G1 and G2, was relatively low compared to the increase
observed between days 21 and 40 (Figure 1). During this period, a safe challenge (day 30) was
performed with bacterin to assess the humoral response of C. macropomum. The increase in antibody
abundance demonstrates that the vaccine booster is an important factor for enhancing fish immunity
against F. oreochromis, as the absorbance values of groups G1 and G2 remained high until day 60
(higher than the calculated cut-off, Figure 2), with the peak antibody level recorded on day 40 after
the first immunization. In contrast, a study evaluating Rhamdia quelen vaccinated against Aeromonas
hydrophila observed that the peak antibody titer occurred on day 21 after vaccination with a single
dose [33]. The humoral immunity of Oreochromis spp. against TiLV showed a significant increase in
antibody levels between day 0 and day 14 after challenge, with levels remaining elevated for up to
six weeks. The research evaluated the individual immune response and demonstrated variations in
antibody titers between individuals [34]. The interpretation of these results suggests that the pattern
of humoral immune response is associated with the fish species and pathogens studied, which is
reflected in the processing of immunological analyses and the standardization of the immunoassay.

5. Conclusions

In conclusion, the IgY obtained from hen serum in this study was able to react specifically against
epitopes present in the serological material of Colossoma macropomum and can be used in the
standardized iELISA protocol to detect antibodies from this fish species immunized against
Flavobacterium oreochromis. The application of the iELISA will enable the analysis of antibody titration
and the validation of vaccine protocols in future studies.
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