Disease Control

Significant progress was made in developing and refining disease diagnostic tools for the shrimp farming industry. UAZ made significant progress towards developing a polyclonal antibody detection method for IHHNV (Task 2.3.1.1.1). IHHNV causes runt-deformity syndrome in L. vannamei and is on the USMSFP’s list of specific pathogens for SPF penaeids. Although there are PCR methods for detecting IHHNV, some IHHNV primers react to non-infectious IHHNV-related sequences resulting in false positives. An antibody-based detection method will mitigate these false positive results. UAZ also made progress in developing a RT-LAMP (reverse-transcriptase loop-mediated isothermal amplification) method to detect IMNV in resource-poor diagnostic settings (Task 2.3.1.1.2). This method combines a simplified nucleic acid extraction, isothermal amplification, and a one-step colorimetric confirmation to detect IMNV at a sensitivity that is 100 times greater than one-step RT-PCR. In addition, a new TSV RT-PCR method was developed by UAZ which has a high sensitivity and can be used to detect various geographical isolates of this important pathogen (Task 2.3.1.1.5). Similarly, a modified one-step PCR assay for the detection of WSSV was developed which exhibits more sensitivity and is faster to use than the currently recommended OIE protocol (Task 2.3.1.1.5). Importantly, this modified assay was able to detect WSSV from different geographical locations. The α-proteobacteria, NHP-B, causes necrotizing hepatopancreatitis (NHP) and is a problem to shrimp farmers in south Texas and other shrimp farming regions of the Western Hemisphere. UAZ developed a new real-time PCR method to detect and quantify NHP-B in shrimp hepatopancreas and fecal samples (Task 2.5.2.1). The sensitivity of conventional NHP-B PCR can be increased to a detection limit of 103 copies using this new method. Finally, UAZ developed a multiplex PCR method to detect rickettsia-like bacteria (RLB) that cause Milky Hemolymph Syndrome (MHS; Task 2.3.1.2.1). MHS of farmed spiny lobsters is being considered for listing as a notifiable disease by the OIE, and other decapods have been affected by this syndrome, including penaeid shrimp.         
Research continued on emerging viral, bacterial, and fungal diseases. In FY09, UAZ received shrimp from Brazil exhibiting a severe systemic disease which was histologically consistent with Reovirus infections in crabs and shrimp (Task 2.3.1.3). UAZ is continuing to work on characterizing the disease agent and intends to develop traditional and molecular diagnostic tools for this pathogen. UAZ also received shrimp samples from a U.S. company growing L. vannamei in super-intensive, indoor RAS. Shrimp were infected with Fusarium solani, a fungal pathogen that was described in American penaeid shrimp more than 20 years ago (Task 2.3.1.3). Although there are traditional and molecular diagnostic tools for this pathogen, there are no effective methods for treatment of fusarium infections.  As RAS become more prevalent in the U.S., there may be more case submissions with bacterial and fungal pathogens. Finally, microsporidia infections have been identified in P. monodon from east Africa and the Middle East. Microsporidia infect shrimp muscle tissue, lymphoid organ, hepatopancreas, and other tissues and are spread horizontally by cannibalism, contact, and water. UAZ has developed a duplex PCR assay which targets both small and large subunit genes and has elucidated phylogenetic relationships among three geographical isolates and with other sporozoans (Task 2.3.1.3).  

In an effort to develop strategies to protect shrimp from pathogenic agents, NSU investigated the efficacy of a commercially available probiotic to control pathogenic Vibrio harveyi (Task 2.3.1.2.2). In a small-scale experiment, concentrations of V. harveyi were reduced significantly in the presence of the commercial probiotic. This finding is significant because shrimp farmers, especially those using RAS, need to combat potential crop loss from bacterial infection without using antibiotics, and probiotics may represent a viable alternative. In contrast, UAZ tested the performance of three different commercial probiotics, all containing Bacillus, in terms of antifungal activity and antimicrobial activity against Vibrio spp. and found that none of the products was effective in inhibiting pathogen growth (Task 2.7.2.1). In addition, UAZ assessed the performance of different feed additives (probiotics, prebiotics, and organic acids) on mucosal epithelial cell height and found no differences between treated and control groups (Task 2.7.2.1).                  

To better understand wild hosts as reservoirs for NHP-B, GCRL conducted a survey of wild shrimp from Mississippi (Task 2.4.2). Using PCR detection methods, none of the 41 Litopenaeus setiferus collected in the survey tested positive for this bacterial pathogen. Frozen commodity shrimp pose a significant risk for pathogen introduction into the U.S. and UAZ monitored a variety of imported products for viruses in FY09 (Task 2.4.4). During the reporting period, 59 cases were submitted for inspection, including commodity shrimp, artemia cysts or biomass, rotifers, copepods, gamarids, polychaetes, squid, finished feeds or feed ingredients, and other aquaculture and fishery products.  IHHNV was the only shrimp pathogen of concern that was detected in FY09, and it was found in batches of shrimp from the U.S., Mexico, Guatemala, and Vietnam.  

In an effort to better understand the innate immune response of shrimp, Tufts made progress towards characterizing shrimp hemocytes using monoclonal antibodies (MAbs; Task 2.6.1). Forty eight MAbs were generated against hemocytes from L. vannamei and five MAbs were selected for four color flow cytometry analysis. The five selected MAbs were able to discriminate among semigranular, granular, and hyaline subsets, and the antibodies led to the discovery of two new hyaline subsets. Antigens identified by the 48 MAbs ranged from about 15 kDa to 171 kDa. Based on this work, hemocytes from L. vannamei can be categorized as hyaline subset 1 (33% of all hemocytes), hyaline subset 2 (18%), semigranular (17%), and granular (15%). The remaining unstained hemocytes represent about 17% of the total hemocyte population.

The origin, movement, and genetic diversity of viral pathogens were investigated using phylogenetic analysis (Task 2.5.1.1). In FY09, UAZ sequenced a portion of the TSV genome from shrimp samples collected from Indonesia, Mexico, and Saudi Arabia. The deduced amino acid sequence from these samples were aligned with 44 other TSV isolates collected from various geographical regions and a phylogenetic tree was calculated. Results revealed four major TSV lineages corresponding to the origin of the isolates. Interestingly, the isolate from Saudi Arabia appeared to be separate from the four major lineages and may, in fact, be a new variant. UAZ is continuing to analyze this isolate to better understand its phylogenetic relationship with other TSV isolates and there may be a need to develop new TSV RT-PCR primers for this isolate. In addition, UAZ analyzed genetic sequence variation of IHHNV collected from the Americas and Southeast Asia to determine the genetic diversity among isolates. Analyses revealed three main lineages including the Philippine/American type (infectious), the Thailand type (infectious), and IHHNV-related shrimp genomic sequence (non-infectious). Interestingly, analyses indicated that there is not a pattern of country-specific clustering of IHHNV, as was seen with TSV. In FY09, UAZ compared the genomic sequence of hepatopancreatic parvovirus (HPV) in shrimp samples from Madagascar with isolates from Australia, Thailand, Korea, and Tanzania. There appears to be genetic variation of 24% in the capsid protein-coding region of the genome, indicating that HPV has a high degree of genetic diversity.

In an effort to better understand the epidemiology of shrimp disease, GCRL continued to develop mathematical models for TSV which incorporated the relationship between time and TSV load, as well as TSV load and transmission (Task 2.4.1). The transmission of virus from living, TSV-infected shrimp is about 0.1, whereas transmission from dead, infected shrimp is about 0.6. Epidemiological models suggest that living shrimp have lower transmission coefficients because they have lower viral loads compared with dead shrimp.  

Although TSV-resistant and TSV-susceptible lines of shrimp exist, there is a lack of understanding about the genetic basis for disease resistance. In FY09, GCRL developed microarrays and quantitative PCR to identify differentially expressed genes between TSV-resistant and TSV-susceptible lines of L. vannamei.  A total of 397 genes were differentially expressed between lines (resistant versus susceptible) or time after TSV exposure (6 hours versus 24 hours). Hierarchical cluster analysis revealed that gene expression profiles at 6 hours did not effectively discriminate between resistant versus susceptible shrimp lines but, by 24 hours post-exposure, the two lines displayed dramatically different gene expression profiles. This work could lead to a better understanding of the genetic mechanism for disease resistance in shrimp and may lead to marker-assisted selection for disease resistance.
