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Figure 1. The specific immune system uses various types  
of antigen presenting cells in conjunction with T cells to 
recognize antigens and stimulate both cellular and humoral 
responses to foreign invaders (http://users.rcn.com/jkimball.
ma.ultranet/BiologyPages/A/AntigenPresentation.html).

Fish rely on their immune systems  

to keep them healthy, and produce antibodies in  

response to infection by pathogenic organisms  

(virus, bacteria, fungi, parasites), or to vaccination.  

The enzyme-linked immunosorbent assay ( ELISA)  

is a reliable and low-cost method to measure antibody  

response and can be used to ensure that fish are  

protected from various pathogens in aquaculture 

production systems. This review describes how a fish 

produces an antibody response to a pathogen, the  

quantitative ELISA test for measurement of fish anti- 

bodies against a specific pathogen, and the application 

 of this quantitative test.

The vertebrate immune system has evolved to rec-

ognize and differentiate molecules present in the animal 

(self) from foreign molecules such as those on patho-

genic organisms (non-self). The immune system can be 

divided into non-specific and specific arms, and each of 

these has a separate role in the destruction and removal 

of invading pathogens. The non-specific immune system 

provides an immediate response to the pathogen, even in 

the absence of prior exposure. 

The non-specific immune system has both cellular 

and humoral (molecules circulating in the blood or 

other bodily fluids) components, some of which are 

instrumental in activating the specific immune response. 

As its name implies, the specific immune system typi-

cally reacts with only the foreign molecule that stimulat-

ed its response. Each pathogen has a variety of molecules 

that are unique to that organism, and portions of these 

molecules can be recognized by cells of the specific 

immune system. When these regions of the foreign mol-

ecules, termed antigens, are recognized by the specific 

arm of the immune system, they can elicit both cellular 

and humoral (e.g., antibody) responses against that 

particular antigen. 

The primary cell types involved in a specific antibody  

response are small cells having little cytoplasm termed  

lymphocytes. While morphologically similar, lympho-

cytes are characterized based on their function and 

include B cells and helper T cells. The B cells can recog-

nize free antigens by a cell surface form of the specific 

antibody they are programmed to produce. The T cells 

can only recognize an antigen when it is presented to 

them on the surface of another host cell. To produce an 

antibody response to an invading pathogen, recognition 

of the antigen by both helper T cells and B cells is typi-

cally required. 

When a pathogen infects a fish, some of the invaders  

are ingested and killed by macrophages or other non-

specific immune system cells. After ingestion and killing, 

the pathogen’s molecules are presented on the mac-

rophage surface to the helper T cells. This T cell binding, 

along with cell signals from the macrophage, activates 

the helper T cell to multiply and begin producing its 

own set of cell signals. Concomitantly, certain B cells 

will also bind to the foreign molecules of the pathogen if 

they are recognized by the surface-bound antibody. The 

combination of surface antibodies binding antigen and 

interaction with helper T cells activates this subset of B 

cells to multiply clonally and the B cells begin to secrete 

large amounts of specific, soluble antibody.

Production of antibodies to an invading pathogen 

usually takes several weeks although this is dependent on 

the fish species and the water temperature. Because both 

helper T cells and a variety of B cells are recognizing 

foreign molecules of an invading pathogen, the antibody 
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response is specific to that pathogen, but composed of a 

range of antibodies against various antigens or parts of 

antigens. This is termed a polyclonal antibody response 

as it is derived from the pool of all of the B cell clones 

that have been stimulated to expand. Furthermore, some 

of the expanded B and T cells enter a quiescent state 

and become memory cells. Memory cells can be readily 

activated upon re-infection of the fish with the same 

pathogen. The decreased amount of time needed to 

react to a second infection, and the increased secondary 

response is termed immunological memory and is the 

basis of vaccination against many diseases.

Measurement of Antibody  
Concentration by ELISA 
The enzyme-linked immunosorbent assay (ELISA) is a 

sensitive test that relies on the detection of an antigen by 

antibody, and an enzymatic change of color to correlate 

with the presence of the antigen. One of the tools that 
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have been essential for the development of ELISA for fish 

antibodies is the monoclonal antibody. Fish antibodies 

can be injected into mice to elicit an antibody response. 

Later, monoclonal antibodies can be made from the in 

vitro expansion of single clones of that mouse’s B cells 

that react with fish antibody. The monoclonal antibodies 

can be biochemically linked (conjugated) to an enzyme, 

usually peroxidase. 

Peroxidase is an enzyme that breaks down hydro-

gen peroxide (H
2
O

2
) if an electron donor is present. To 

detect the presence of the enzyme-conjugated monoclo-

nal antibody that has bound to fish antibody, addition 

of a colorimetric reagent (the substrate) to the ELISA 

is the final step. The colorimetric reagent includes a 

compound that changes from colorless to green when it 

donates electrons to the peroxidase to break down the 

hydrogen peroxide. As the colorimetric solution turns 

green, the ability of 405 nm wavelength light to shine 

through the solution decreases, thus its optical density  

at 405 nm is said to increase.

Figure 2. The specific humoral immune response relies on B  

cells that contain receptors that bind either soluble or presented 

antigens. When stimulated, these B cells expand in number 

and mature to become plasma cells capable of secreting large 

amounts of antibodies that specifically bind to the antigen that 

stimulated their production (http://users.rcn.com/jkimball.

ma.ultranet/BiologyPages/B/B_and_Tcells.html).

Figure 3. The enzyme-linked immunosorbent assay 

(ELISA) can be used to detect either antigens or antibodies. 

For detection of antibodies, the cognate antigen is attached 

to the bottom of the wells (http://www.microvet.arizona.

edu/courses/mic419/ToolBox/elisa.html).
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An ELISA is usually performed in a 96-well  

microplate, where a separate test can be done in each  

individual well. A variety of instruments are commer-

cially available to wash, add reagents, and measure  

the color change in the individual wells. Due to  

standardization of the microplates, many ELISA plates 

can be processed robotically in a high throughput  

laboratory.  

The ELISA described here is designed to measure the 

relative concentration of fish antibody to a particular 

pathogen. Streptococcus iniae is a bacterial pathogen of 

intensively reared warm-water finfish, including hybrid 

striped bass. The desire to measure the hybrid striped 

bass antibody response to S. iniae will be used to  

describe the ELISA procedure. 

1)  To measure the antibody response of hybrid striped 

bass against S. iniae, microplate well surfaces are 

coated with S. iniae cells. After allowing the bacterial 

cells to adsorb to the wells overnight, the unbound 

material is removed by a wash procedure. 

2)  A solution containing a high concentration of 

protein, such as skim milk, is added to the wells to 

adsorb to all of the sites not covered by the bacterial 

cells. The blocking solution is washed out after 30 

minutes of incubation. 

3)  The test fish serum samples are added to separate 

antigen-coated microplate wells. The microplate is 

incubated for 2 hours at the hybrid striped bass  

rearing temperature to allow any antibodies to S. 

iniae to bind to the microplate adsorbed bacteria. 

After the incubation period, the wells are washed  

to remove any unbound fish proteins.

4)  A peroxidase-conjugated mouse monoclonal anti-

body to the hybrid striped bass antibody is added to 

the microplate wells; the mouse antibody will adhere 

to any bacterium-specific fish antibody that bound 

to the microplate adsorbed bacteria. After a one- 

hour incubation at the fish’s rearing temperature, 

any unbound monoclonal antibody is washed from 

the wells. 

5)  A colorimetric reagent containing hydrogen per-

oxide is added to each well and the plate is incubated 

at 37°C for a set duration of time. The reaction is 

halted by the addition of a stop solution.

6)  The optical density at 405 nm of each microplate 

well is determined. The resulting values can be used 

to compare the antibody response of the test fish.

Because the microplate wells are all coated with the 

same amount of bacteria, and greater-than-saturating 

concentrations of the peroxidase-conjugated mono-

clonal antibody and colorimetric reagent are used, the 

limiting reagent is the hybrid striped bass antibody. 

Since the amount of color change is proportional to the 

concentration of antibody to S. iniae the relative levels 

of antibody in various test fish serum can be deter-

mined and used for comparisons. Fish serum with high 

concentrations of antibody to S. iniae will elicit a greater 

color change in the ELISA than serum with a low level of 

antibody to the bacteria (Figure 4).

Features and uses of the ELISA 
Several of the reasons that the ELISA is so prominent 

in fish disease research and disease monitoring are the 

ease of performing the assay, the low cost per sample, the 

sensitivity of the results, and the adaptability of the assay 

to a large number of samples. Since the microplate wells 

are generally filled with 0.2 milliliter of fluid, and the fish 

serum is diluted in saline buffer prior to being placed 

Figure 4.  Enzyme-linked immunosorbent assay (ELISA) for 

hybrid striped bass antibody (immunoglobulin) in a 96-well  

microplate format. Fish serum with high concentrations of anti-

body to S. iniae elicits a greater color change in the ELISA than 

serum with a low level of antibody to the bacteria.
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in the microplate well, very small volumes of serum can 

be tested. Thus, serum samples can be taken from fish 

less than 5 grams in size, and non-lethal samples can be 

taken from larger fish. 

One of the most effective ways to prevent an epi-

zootic within an aquaculture facility is to vaccinate the 

fish against the pathogen. The ELISA can be used to 

ensure that the fish have mounted an antibody response 

to the vaccine and are protected from exposure to the 

pathogen. Since new and non-traditional species of fish 

are now being reared, and the aquaculture environment 

can provide favorable conditions for otherwise unusual 

pathogens, a wide variety of new vaccines are needed for 

the culture of these fish. Finding an efficacious vaccine 

and vaccination strategy requires repeated studies to 

measure the antibody response of the fish. At this time, 

the ELISA is the best way to determine these results. 

Different pathogens can be used to coat the mi-

croplate well surfaces for an ELISA. The fish serum 

samples can then be tested against a variety of poten-

tial pathogens to monitor the exposure history of the 

fish. Thus, the causative agent of an epizootic can be 

determined or confirmed from an array of potential 

pathogens. Regular periodic monitoring by ELISA can 

demonstrate when the fish become exposed to different 

pathogens, and aquaculture practices can be modulated 

to limit the impact of the exposure. Regular monitoring 

of the aquaculture-reared fish by ELISA can also deter-

mine the normal and expected antibody response of 

those fish. Changes in the antibody response of the fish 

outside the normal range may be indicative of immu-

nosuppression due to environmental stress. Alterations 

in the aquaculture practices can then be performed to 

better protect the health of the fish.  

Summary
Fish rely on their immune systems to keep them 

healthy. One of the hallmarks of the vertebrate immune 

response is the production of antibodies in response 

to infection by pathogenic organisms (virus, bacteria, 

fungus, parasites) or to vaccination with antigens from 

such organisms. Antibodies are circulating proteins that 

are able to bind specifically to the antigenic molecules 

of the pathogen. Once antibodies attach to the patho-

gen, they can activate other host proteins to lyse the 

pathogen, and make it easier for certain white blood cell 

types to ingest and kill the pathogen. Because antibod-

ies are so important in fish health maintenance, and 

are present in the blood and easy to obtain from fish, a 

variety of assays for determining antibody concentra-

tion have been developed. 
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