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→ Introduction

The Chesapeake blue crab (Callinectes sapidus) is a crustacean found in the western
Atlantic Ocean, the Gulf of Mexico and in the Pacific Region of Central America (see
Figure 2). The Chesapeake Bay, located between Maryland and Virginia, has long
been famed for its blue crabs. Their cultivation and sale is regarded as an important
economic contributor to the region. Recently however, the population of blue crabs in
this region has been falling - there has been a 70% fall in blue crab numbers between
1993-2008 due to overfishing and environmental degradation.

Figure 1: Callinectes sapidus (taken from (1)) Figure 2: Geographical Location (4)

Although environmental safeguards have subsequently been put in place, such as har-
vesting restrictions which boosted blue crab numbers in 2009, high year to year popu-
lation variability suggests that current explanations for the changes in crab population
size are inadequate. Also, the practice of harvesting pre-molt, or soft shell crabs to
offset yearly fluctuations carries a high intrinsic rate of crab mortality (around 25%),
thought to be the result of:

• Poor water quality in harvest spaces

• Stress from handling and transportation

• Physiological stress of molting

These factors result in crabs being more susceptible to infection. Although many dis-
eases are known to exist for blue crabs, little is known about their quantitative effect
on the overall population size.

→ Investigating blue crab disease by assaying

Advances in molecular biology techniques have made it scientifically and economically
feasible to develop assays to genotype and test for diseases. Bowers et al. designed an
assay to detect virus genomes by enrichment of dsRNA from putatively infected crabs.
This technique was then used to develop a PCR array to allow widespread viral testing
in the blue crab population.

→ Methods

Bowers et al. collected diseased and healthy pre-molt and mid-molt crabs from a com-
mercial soft shell crab operation near Baltimore and performed the following analyses:

• Separated 150mg of tissue and enriched for dsRNA versus ssRNA by exploiting the
relative hydrophobicity between the RNA structures.

• Developed a virus detection assay to detect a specific 483 bp region of the 1.2 kb
viral genomic segment.

• Used a pool of dsRNA from an infected crab to sequence a portion of the viral
genome and use it for homology analysis using BLAST (2).

• Performed a virus transmission study by infecting healthy crabs with a viral prepa-
ration and analysing the crabs continually post inoculation.

→ Results: Detecting and genotyping the virus

The dsRNA assay suggested a virus was present in diseased crabs which was
genotypically similar to a known crab reo-virus.
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was more efficiently enriched using CF11 affinity chro-
matography and analyzed by extended agarose gel
electrophoresis, an image of 12 bands was visualized.
The bands co-migrated with the DNA ladder at appar-
ent sizes of 1.1 to 4 kb, with an electrophoretic pattern
of 1/5/6 (Fig. 1B).

Tissues of the crab displaying puta-
tive reovirus dsRNA segments were
fixed and processed for histology. Cyto-
plasmic inclusions consistent with a
reo-like virus were observed in hemo-
cytes within gill tissue (G. Messick,
data not shown). The dsRNA enrich-
ment method was applied to the 10 re-
maining crabs in this initial study: 5
additional mortalities and 5 apparently
healthy crabs. Of the 5 mortalities, 4
showed the same dsRNA banding as
seen in Fig. 1; among the 5 live crabs,
none showed virus-like dsRNA bands.
These data are summarized in Table 2.
Ammonia and nitrite levels were peri-
odically tested during the study. Nitrite
remained below 0.011 mg l–1 in all but
one sample (rising to 0.018 mg l–1 once),
and ammonia stayed below 0.12 mg l–1,
save for a single reading of 0.25 in the
same sample with highest nitrite. There
were no mortalities during or immedi-
ately after this spike in nitrogen.

Evidence of virus in additional soft shell systems 
and in a crab hatchery

The dsRNA enrichment assay was used to assess
whether the high prevalence of a putative reo-like
virus observed in crabs dying in the Baltimore facility
was representative of crabs dying in other places and
times (summarized in Table 2). In 2008, 7 crabs from
the original soft shell facility were investigated, and it
was found that virus-like dsRNA was present in 2 of
4 dead crabs but in none of 3 live crabs. Two additional
soft shell production facilities were investigated in
2008. A recirculating soft shell facility on the Gulf coast
of Florida provided 12 blue crabs that died before or
during molting. Of these, 7 displayed the same dsRNA
banding seen in Fig. 1. A flow-through system on the
eastern shore of Chesapeake Bay (Tilghman) provided
9 crabs that died in the molting process; of these, 7
were positive for the virus. An additional 10 live pre-
molt crabs were also collected from the Tilghman facil-
ity, brought to COMB, and maintained in isolated indi-
vidual tanks. All 10 crabs died prior to or during the
molting process, and 8 displayed the familiar virus-like
dsRNA banding.

Thus far, all crabs investigated had been maintained
in captivity where they suffered high mortality. There-
fore, inter- and pre-molt fresh harvest crabs were also
studied; 2 samples were obtained from the same re-
gion of the Chesapeake Bay from which animals were
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Fig. 1. Callinectes sapidus. Visualization of an apparent virus genome by en-
richment of double-stranded RNA (dsRNA). (A) Agarose gel electrophoresis
of dsRNA enriched by LiCl precipitation. Lane 1: 100 bp DNA molecular
weight (MW) size marker; Lanes 2 to 4: total RNA extracted from hepato-
pancreas, muscle, and hypodermis of a dying crab; Lanes 5 to 7: RNA extrac-
ted from hepatopancreas, muscle, and hypodermis of a healthy crab. (B) Elec-
tropherogram of dsRNA enriched by CF11 chromatography. Lane 1: 100 bp 

DNA marker (M); Lane 2: blue crab reo-like virus (R)

Table 2. Callinectes sapidus. Prevalence of putative reo-like
virus in captive (soft shell systems, hatchery) and wild popula-
tions of blue crab as determined by presence of double-stranded
RNA (dsRNA) banding. Baltimore: MD, USA; Tilghman: MD, 

USA; COMB: Center of Marine Biotechnology

Source of crabs No. dsRNA+ 
tested (%)

2007 soft shell systems
Baltimore, flow through, healthy 5 0
Baltimore, flow through, dead/dying 6 83

2008 soft shell systems
Baltimore, flow through, live 3 0
Baltimore, flow through, dead 4 50
Florida Gulf coast, recirculating, dead 12 58
Tilghman, flow through, dead 9 78
Tilghman, transfer to COMB, dead 10 80

2008 fresh harvest
Inter-molt, live 42 0
Pre-molt, live 16 0

2006–2008 archived mortalities
COMB recirculating hatchery 12 50

Figure 3: Visualisation of an unknown viral genome (3)

Figure 3A shows the differentiation
of viral dsRNA between a diseased
and healthy crab. The diseased crab
shows 1-4kb size bands of distinct
dsRNA after precipitation; in the
healthy crab this banding is absent.

Figure 3B shows the dsRNA banding
similarity of the putative virus and a
known reo-like blue crab virus.

Additional supporting evidence was also found to suggest the presence of a
new virus:

1. The dsRNA banding was also seen in high proportion of diseased crabs. The virus
was not detected in crabs freshly harvested in the wild.

2. Homology modelling revealed that the putative virus shared some similarities in its
RNA reverse transcriptase protein with a reo-virus taken from the mud crab Scylla
serrata.

→ How deadly is the virus?

Bowers et al. developed a virus preparation and injected five healthy hatchery-reared
crabs and compared their mortality over the following 16 days. All crabs injected with
the preparation died within 13 days. None of the uninfected crabs monitored over the
same period suffered any mortality.

The authors also investigated the passage of infection by sampling tissue from
injected crabs over the time course of the study.

Bowers et al.: Physicochemical discovery of blue crab reovirus

obtained for the 2007 and 2008 soft shell system stud-
ies (Table 2). Of 42 live inter-molt crabs assessed, none
had dsRNA banding. Similarly, analysis of 16 freshly
caught, pre-molt crabs also revealed no evidence of
virus dsRNA.

The wild-harvest broodstock in the blue crab hatch-
ery at COMB was also investigated. These mature,
mated females are collected yearly from the lower
Chesapeake Bay and are maintained in closed recircu-
lating aquaculture until needed for larvae production.
Cumulative mortalities among wild broodstock may
exceed 50%. An analysis of 12 archived broodstock
mortalities (from 2006 to 2008) revealed that 6 carried
dsRNA indistinguishable to that seen in Fig. 1 (Table 2,
bottom panel).

Experimental infections with the putative virus

To investigate whether the putative virus could be
passaged and cause blue crab mortality, a filtered
homogenate of infected muscle and hypodermis was
injected into 5 naïve, hatchery-reared juveniles. Puta-
tive virus-injected crabs died at Day 10 (1 crab), Day 12
(1 crab), and Day 13 (3 crabs) post-injection. None of
the un-injected control crabs died over this time, and
were sacrificed at Day 14. Upon analysis of dsRNA,
each of the putative virus injected crabs displayed reo-
like dsRNA bands, while the control crabs showed no
dsRNA banding (Trial 1, Table 3). The virus prepara-
tion was re-tested after storage at –80°C (5 mo) for the
ability to cause death of disease-free blue crabs. When
injected into 11 naïve crabs (Trial 2; Table 3), all died
within 15 d. Injections (n = 5) of sterile saline did not
result in crab mortality.

To assess how rapidly dsRNA appears during an
experimental infection with the virus, a time course
study was conducted, in which 10 naïve crabs were
injected with virus preparations and then sacrificed at

intervals from Day 0 to 16. As shown in Fig. 2, within
3 d of injection (earliest sampling) crabs displayed ob-
vious virus dsRNA, particularly in gills (Fig. 2A) as
compared to muscle (Fig. 2B). The amount of virus
dsRNA increased through Days 13 and 16, when crabs
were moribund and dying.

Crabs dissected 9, 12, 13, 15, and 16 d post inocula-
tion demonstrated histological characteristics consis-
tent with varying degrees of infection by reo-like virus
infections (Johnson 1977, 1984). Reo-like virus infec-
tions were identified based on morphologic similarities
published by Johnson (1977, 1984), which include
angulated, basophilic, Feulgen negative, cytoplasmic
inclusions in hemocytes (Fig. 3A). Also apparent in the
crab dissected 16 d post inoculation were necrotic
hemocytes and a few nodule formations due to host
response to the viral foreign bodies found in gill and
epidermal tissues.

Electron microscopic examination of infected gill tis-
sue revealed that many of the hemocytes within the tis-
sue appeared to have degenerating cell membranes
and were filled with apparent virus-like particles
~55 nm in diameter. Virus-infected cells also contained
numerous filamentous structures, ~30 nm in width, but
of highly variable lengths (some exceeding 800 nm)
(Fig. 3B).
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Table 3. Callinectes sapidus. Blue crab mortality following
injection of putative reo-like virus. na: not applicable; 

nt: not tested

Injection N Mortality Days to Virus 
(%) death RNA 

prevalence

Trial 1
Virus filtrate 5 100 10 to 13 100
No injection 5 0 na 0

Trial 2
Virus filtrate 11 100 9 to 16 nt
Saline injection 5 0 na nt

Fig. 2. Callinectes sapidus. Passage of virus double-stranded
RNA (dsRNA) to uninfected hatchery-reared crabs. Agarose
gel analysis of a time course of dsRNA appearance after injec-
tion. Day 0 (duplicate samples) is pre-injection; Day 3 is the
earliest sampling point. (A) dsRNA isolated from gills. (B)
dsRNA isolated from leg muscle and hypodermis. Equivalent

amounts of tissue are represented in each panel

Figure 4: Time course of viral infection (3)

Figure 4 shows the progression of the
virus after healthy crabs were injected
with the virus preparation. After three
days, crabs displayed detectible levels
of viral dsRNA. Histological investiga-
tion was consistent with infection of a
reo-like virus.

→ Conclusions

Bowers et al. used methods to discover and test for a putative reo-like virus infecting
blue crabs in Chesapeake Bay. The main implications of this research are:

1. Improved testing of pre-molt crabs in farmed conditions can help inspire healthier
hatchery conditions and help reduce crab mortality.

2. Lower mortality in farmed crabs would deliver economic benefits to crab farmers
through reduced wastage.

3. This approach for enriching dsRNA can be adapted to test for a variety of viral
genomes and therefore facilitates the discovery and monitoring of aquatic infections.
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