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Health & Welfare

Genetic detection of bacteria improves
selective breeding in channel catfish
Saturday, 1 February 2003

By Lelania Bilodeau, Ph.D. , William R. Wolters, Ph.D.  and David J. Wise, Ph.D.

Emerging solution for resistance against diseases like enteric
septicemia
Channel cat�sh (Ictalurus punctatus) production in the United States has developed over the past 40 years to
establish the species as the primary food�sh of the U.S. aquaculture industry. The U.S. Department of Agriculture’s
Agricultural Research Service (USDA-ARS) has developed a selective-breeding program for these important �sh and
recently released a genetically improved NWAC103 strain to the industry in cooperation with Mississippi State
University. Research on subsequent generations of this strain will result in further improvement of economically
important traits, including improved disease resistance, in the �sh.

Enteric septicemia of cat�sh (ESC) is the most prevalent and costly disease affecting channel cat�sh commercial
production. Caused by the bacterium Edwardsiella ictaluri, ESC occurs most commonly in the fall and spring, when
water temperatures are 18 to 27 degrees-C.

Pathogen uptake occurs primarily through the gut, nares and gills and appears to be facilitated by active feeding
during periods of disease outbreak. Progression of ESC is usually rapid and most signi�cantly affects �ngerlings.
Clinical disease signs that manifest within a few days post-infection (Fig. 1) are usually followed by death within two
weeks. A better understanding of the early stages of ESC infection and clearance of E. ictaluri in exposed �sh could
improve selective breeding for disease resistance.

(https://www.aquaculturealliance.org)
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Pathogen detection
Sensitive detection of ESC is important to the successful development of a selective-breeding program for ESC
resistance. Until recently, however, accurate quantitative assessment of pathogen levels has been problematic when
infection levels are low.

Therefore, a genetic assay using quantitative polymerase chain reaction was developed for early detection of E.
ictaluri DNA in channel cat�sh blood. The assay provides high accuracy and speci�city and is capable of detecting as
few as 2.5 cells of E. ictaluri in 100 μl of infected blood in less than three hours from the time of sample collection.

Use in genetic improvement
When applied to selective breeding for disease resistance, the genetic assay provides the tools necessary to track the
early stages of infection and the sensitivity necessary to detect differences among �sh populations per families that
have different levels of innate disease resistance. The assay can also be used to further study the kinetics of ESC
infection and monitor clearance rates during infections.

Disease resistance
NWAC103 channel cat�sh families show a consistent response to ESC infection relative to susceptibility. But some
families are highly resistant to ESC and others are highly susceptible (Fig. 2). Within each family there is a large degree
of variability in response to the infection.

Fig. 1: Enteric septicemia is a prevalent disease in cat�sh production. Its signs of infection include
lesions on the skin.Photo by Jimmy Avery.
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This complicates selective breeding for disease resistance. Acquiring speci�c information on disease progression at
early stages of infection could help by having a trait in addition to mortality to utilize as a selection criterion.

Bacterial levels and clearance 
A spring 2002 study by USDA-ARS scientists at the Thad Cochran National Warmwater Aquaculture Center in
Stoneville, Mississippi, USA addressed how bacterial levels and disease clearance vary in experimental channel cat�sh
families. Two families that showed a consistent response to ESC in prior experiments – one susceptible and the other
resistant – were challenged with E. ictaluri. Initial uptake of the pathogen, changes in bacterial load over time, and
clearance of the pathogen from the animals’ blood were measured with the genetic detection assay.

Initial uptake was assessed two hours after �sh were exposed to E. ictaluri. No difference was evident based on
bacterial DNA levels in the blood samples. This indicated that any differences in susceptibility were not related to
uptake of the bacteria.

One to �ve days after exposure, �sh from the susceptible family carried higher bacterial levels in their blood than �sh
from the resistant family (Fig. 3). However, when the rate of decrease in bacterial concentrations was measured, there
was no difference between the groups (Fig. 4).

Fig. 2: Typical variation in mortality of channel cat�sh families after
experimental exposure to Edwardsiella ictaluri.
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This suggested that survival after ESC infection is not determined by clearance rates from blood and that the immune
system can suppress ESC infection in resistant �sh. Continued low-level infections in resistant �sh may be a source of
subsequent infections of ESC.

Conclusion
The genetic detection assay described here will improve selective-breeding programs by providing an assessment of
early stages of infection and an understanding of the mechanisms responsible for disease resistance. In this case,
comparison of resistant and susceptible �sh showed that initial uptake did not affect survival, that susceptible �sh
had higher levels of bacteria 24 hours after exposure compared to resistant �sh, and that clearance of E. ictaluri was
equivalent for both susceptible and resistant �sh.

(Editor’s Note: This article was originally published in the February 2003 print edition of the Global Aquaculture
Advocate.)
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Fig. 3: Levels of Edwardsiella ictaluri DNA in blood samples from two
families of channel cat�sh after ESC challenge.

Fig. 4: Clearance of E. ictaluri from cat�sh blood.
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