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Abstract 
 

Early mortality syndrome (EMS) in shrimp has been reported in Vietnam, Malaysia, and 
Thailand in 2010, 2011 and 2012, respectively. We carried out a metagenomic analysis using 
universal bacterial primers for PCR amplification of bacterial small subunit ribosomal RNA 
(ssurRNA) gene fragments to determine whether any unique bacteria (culturable or 
unculturable) were associated with EMS. Analysis of read frequencies revealed the highest 
significant differences between shrimp from the EMS ponds and normal ponds in amplified 
sequences with high identity to bacteria never previously reported as shrimp pathogens but 
known to be common in aquatic environments. Delftia species (sp) is one among those 
bacteria. In this study, we investigate whether Delftia sp. can be either the cause or associated 
cause of EMS in shrimp. Specific PCR primers for detection of Delftia sp. were designed 
based on the conserved region of 16S rRNA sequence. Attempts to obtain natural Delftia 
isolate from EMS specimens failed. Therefore, isolate Delftia acidovorans (most closely 
related by 16S rRNA comparison) was obtained from a culture collection, and testing by 
injection at 103 CFU per 3 gram shrimp in laboratory challenges revealing 100% of mortality 
shrimp after 9 days. Histopathological examination showed the collapse of epithelial cells, 
vacuolated E-cell, vacuole formation in lymphoid organ, and the presence of eosinophilic 
cytoplasmic inclusions in hematopoietic tissue. Taken together, the results suggest that 
Delftia sp. can infect shrimp and cause shrimp mortality. The on-going experiment is to 
optimize the culture medium to isolate Delftia sp. from shrimp and use to confirm its 
pathogenicity in shrimp.   
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Introduction: 
 
The emerging disease, early mortality syndrome (EMS) has caused large losses among 
shrimp farmers in China, Vietnam, Malaysia and Thailand. EMS is characterized by mass 
mortalities during the first 20 to 30 days of culture in grow-out ponds (NACA, 2012). We 
hypothesized that bacteria might be a causative agent of shrimp EMS evidenced by the 
histopathological bacterial lesions found in the moribund shrimp collected from EMS pond. 
We thus carried out a metagenomic analysis to determine whether any unique bacteria 
(culturable or unculturable) might be present in EMS ponds when compared to normal ponds 
(Prachumwat et al., 2012). Analysis was based on amplification of bacterial 16S rRNA gene 
fragments using universal primers and was therefore focused on detecting differences based 
on organizational taxonomic units (OTU). The analysis revealed in the shrimp from EMS 
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ponds a significantly higher proportion of some bacterial OTU not previously reported as 
shrimp pathogens (unpublished data). These included the bacteria from the order 
Berkholderiales and Actinomycetales. In this study we chose the bacterium from the genus 
Delftia in the order Berkholderiales for further study. Delftia is a Gram-negative, short-rod-
shaped, motile, non-spore-forming bacterium. D. litopenaei has been isolated from a 
freshwater shrimp culture pond in Taiwan (Chen et al., 2011). D. acidovorans has been 
reported in the gut microbiome of grouper Epinephilus coioides (Sun et al., 2009). The recent 
report demonstrated that D. acidovorans can infect the European eel, Anguilla anguilla, in the 
Spanish Mediterranean (Andree et al., 2013). The purpose of this study is to test if Delftia can 
cause shrimp mortality. The specific PCR method to detect Delftia sp., based on its 16S 
rRNA sequence has been established and validated using reference bacterial strains. 
 
Methodology 
 
Bacteria  
Delftia acidovorans (NCCB 28024) was purchased from NCCB (Netherlands Culture 
Collection of Bacteria) in the Netherlands and grew on TSA plate (Tryptic soy agar, Difco). 
TSB (Tryptic soy broth) plus 0.5% NaCl was used to culture single colony of the bacteria 
picked from TSA.  
 
Bioassay  
The specific-pathogen free white-leg shrimp, Litopenaeus vannamei with the 3 g body weight 
were purchased from hatchery and cultured in aerated plastic tanks containing the 20 ppt 
artificial seawater (Marinium) for 3-5 days. The challenged experiments were divided to 2 
groups. Group 1: injection with 103 CFU of D. acidovorans per 3-gram shrimp. Group 2: 
injection with 50 μl of 0.85% of NaCl as a control. Each tank contained 10 shrimps. The 
number of moribund shrimp was recorded daily and fixed in Davidson’s solution for analyzing 
histopathology. The experiment has been performed twice. 
 
Bacteria preparation for bioassay 
Pick a single colony of D. acidovorans from TSA plate and inoculate in 2 ml of TSB plus 
0.5% NaCl. Bacteria were cultured at 30oC with shaking 230 rpm for 1 hour. Thereafter, the 
culture was transferred to a flask containing freshly prepared 50 ml of TSB plus 0.5% NaCl, 
and incubated at the same condition mentioned above. Bacterial growth was checked every 
hour by measuring optical density at 600nm (OD600), until OD600 reached to 0.6 (~2 x 108 

CFU/ml). 
 
Histological processing 
The procedure is followed by previously described method (Bell & Lightner, 1998). The 
moribund shrimp was immediately fixed in Davidson solution (330 ml of 95% ethanol, 220 ml 
of 100% formalin, 115 ml of glacial acetic acid, and 335 ml of distilled water) for 24 hours, 
and then changed with 70% ethanol for long-term storage. Shrimp tissue was dehydrated to 
remove water, embedded in paraffin block, sectioned and stained with hematoxylin and eosin. 
The processed tissue on slide was observed under light microscope. 
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DNA extraction 
The protocol was used to extract DNA from either bacteria culture or shrimp hepatopancreas. 
Bacteria culture in broth was centrifuged at 12,000 rpm for 10 minutes to obtain the bacterial 
pellets. The pellet was then re-suspended in 1,000 μl of DNA extraction buffer (pH 8.0) 
containing 20 μl of proteinase K. The mixture was heated at 56oC for 1 hour. The DNA 
extraction was performed as suggested by Sambrook and Russell (2001).  The concentration of 
DNA was measured by spectrophotometry at OD260. The extracted DNA with known 
concentration was stored at -20oC until use. 
 
The specific PCR detection for Delftia sp. 
The primers (forward primer: 5’-CTT GCG AGA TTT CGC CGT TT-3’ and reverse primer: 
5’-GGA GGG AGC GAA AAG AGC AT-3’) were designed, based on 16S rRNA gene 
sequence of the bacteria of genus Delftia obtained from NCBI database. The 12μl PCR 
reaction composed of 1.2 μl of 10X reaction buffer, 0.75 μl of 50 mM MgCl2, 0.5 μl of 10nM 
dNTPs, 0.5 μl of each primer, 0.125 μl of Taq polymerase, 6.425 μl of free DNase water, and 
2μl of 50ng/μl DNA template. The PCR cycle is performed by pre-denaturation at 94oC for 5 
minutes, followed by 30 cycles of 94oC for 30 seconds, 60oC for 30 seconds, and 72oC for 40 
seconds; a final extension step at 72oC for 5 minute. The PCR product was determined by 
1.5% agarose gel electrophoresis. 
 
Results 
 
Injection of D. acidovorans resulted in shrimp mortality 
Shrimp were divided into two groups; injection with 103 CFU/3 gram of D. acidovorans and 
injection with 0.85% NaCl (control). The results were shown in Figure 1. There was no 
shrimp mortality observed until 9 days post injection in the control group. In contrast, the 
mortality in Delftia-injected group started at day 5 and continued to 100 % on day 9th post 
injection. These results suggested that D. acidovorans could cause shrimp mortality upon 
injection. The experiment was repeated with the different lot of shrimp and preparation of 
bacterial culture.  In the second experiment, shrimp mortality started earlier at day 3 after 
injection. This is probably depending on the difference in shrimp capability to cope with the 
infection between lots of shrimp. However, the moribund shrimp from the second experiment 
showed similar histopathology as observed in shrimp from the first experiment.   
 

 
Figure 1: Percentage of cumulative mortality in shrimp group injected with Delftia 
acidovorans (Delftia) and shrimp group injected with 0.85% NaCl (control) from day 5-9 
post injection. Graph was plotted from the results of the first experiment. 
Histological examination of the moribund shrimp 
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The moribund shrimp from Delftia-injected group were collected for histopathological 
examination. Major lesions were found in shrimp hepatopancreas (HP) including the 
collapsed epithelial cells (Figure 2A1), vacuolated E cells (Figure 2B1) and lymphoid organ 
(Figure 2C1), and the presence of eosinophilic cytoplasmic inclusions in hematopoietic tissue 
(Figure 2D1).  
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Figure 2: Histopathological lesions of L. vannamei injected with D. acidovorans. The 
sections obtained from shrimp injected with 0.85% NaCl or 103 CFU/3-gram shrimp. The 
collapsed epithelial cells (A1); vacuolated E cells (B1); vacuoles in lymphoid organ (C1); 
eosinophilic cytoplasmic inclusions in hematopoietic tissue (D1); A2, B2, C2, and D2 show 
normal structures, respectively. 
  
Establishment of the specific PCR detection for Delftia species 
 
Specificity and sensitive testing 
The primers were designed for exclusive detection for 16S gene region of Delftia sp. by PCR 
method. The result indicated that the amplification product with the size of 347 bp. The 
specificity of the detection method was tested by using other bacterial DNA such as Leifsonia 
antarctica, Rhodococcus sp., Shewanella amazonensis, Vibrio parahaemolyticus and 
Ralstonia solanacearum, as template. The results showed cross reactivity of PCR primers 
with other bacteria (Figure 3A). 
 
Various concentrations of DNA template, 40, 4, 2, 0.4, 0.3, 0.2, 0.1, and 0.04 ng/μl, were 
used to determine the sensitivity of the PCR detection method for Delftia. The result revealed 
that amplified product at very low template concentration as 0.1 ng/μl (Figure 3B, lane 8). 
 
                               (3A) 
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                       (3B) 
 

 

 
 

Figure 3: (3A) Testing of the specificity of the PCR method for detection of Delftia; lane M: 
DNA ladder marker; lane1: negative control; lane 2: DNA extracted of Delftia acidovorans; 
lane 3: DNA extracted of Leifsonia antarctica; lane 4: DNA extracted of Rhodococcus sp.; 
lane 5: DNA extracted of Shewanella amazonensis; lane 6: DNA extracted of Vibrio 
parahaemolyticus (VPAHPND); and lane 7: DNA extracted of Ralstonia solanacearum. (3B) 
Testing of the sensitivity of the PCR method for detection of Delftia; lane M: DNA ladder 
marker; lane1: negative control; lane 2: 40 ng of template; lane 3: DNA concentration of 4 
ng/μl; lane 4: DNA concentration of 2ng/μl; lane 5: DNA concentration of 0.4 ng/μl; lane 6: 
DNA concentration of 0.3 ng/μl; lane 7: DNA concentration of 0.2 ng/μl; lane 8: DNA 
concentration of 0.1 ng/μl; lane 9: DNA concentration of 0.04 ng/μl. 
 
Sequence analysis 
The 347 bp product amplified from the PCR detection method for Delftia was subjected for 
DNA sequencing and compared their similarity to other known genes with BlastN program 
on NCBI database. The results showed high similarity of the sequences of the amplified 
product to those of D. acidovorans (ATCC 9355) 16S ribosomal RNA gene partial sequence 
(accession number FJ410384.1) with 99% identity, 100% query coverage. It is thus suggested 
that the PCR protocol for Delftia detection is specific.  
  
Discussion 
 
This is the first time to describe the bacteria of genus Delftia from the order Berkholderiales 
can cause shrimp mortality. The mortality is rapid starting from 5 days post injection with 
1,000 cells in 3 gram-shrimp. It has been identified from the metagenomic analysis of DNA 
obtained from shrimp with the criteria of early mortality syndrome. In this study, the 
preliminary result revealed that Delftia acidovorans cause the mortality of shrimp after 
injection challenge test with concentration of 103 CFU/3 gram shrimp. The moribund shrimp 
demonstrated the changes of histological structures such as the collapse of the epithelial cells 
of the hepatopancreatic tubules, vacuolated E-cells, the presence of vacuoles and eosinophilic 
cytoplasmic inclusions in lymphoid organ and hematopoietic tissue, respectively. We also 
found the bacteria cells in the hepatopancreas of infected shrimp. These histopathological 
patterns were not described in shrimp with acute hepatopancreatic necrosis disease (AHPND) 
caused by Vibrio parahaemolyticus (Tran et al., 2013), which has been previously 
characterized by massive, medial sloughing of shrimp hepatopancreatic tubule epithelial cells 
in the absence of any recognizable microbial pathogens by light or electron microscopy. In 
order to know if the bacterial cells found in the hepatopancreas including the described 
histological alterations are specific for Delftia infection, the in situ hybridization with specific 
Delftia-DNA probe should be performed.  
Although these bacteria were also discovered in the specimens of shrimp with EMS by the 
metagenomic analysis, they were easily overlooked by the difficulty in their isolation. The 
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on-going experiment is to establish the appropriated medium to isolate the natural isolate of 
Delftia sp. from live shrimp specimens, which will further test to confirm its pathogenicity. It 
will also be used to study the association of Delftia sp. with AHPND-inducing V. 
parahaemolyticus. It might be possible that Delftia sp. is an opportunistic pathogen after 
AHPND occurs, which results in the rapid mortality of shrimp in the pond.   
 
Conclusion 
 
Metagenomic analysis showed that Delftia species could be the associated cause of EMS in 
farmed shrimp. We have established the PCR detection method specific for Delftia sp. based 
on small subunit ribosomal RNA (ssurRNA) gene fragments. The representative isolate, D. 
acidovorans from an international culture collection were tested and found to cause shrimp 
mortality at low injection doses. This data demonstrate, for the first time to our knowledge, 
that Delftia sp. can be a direct cause of mortality in shrimp. 
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