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INTRODUCTION

In the southwest region of Madagascar in the fall
of 1999, severe mortalities of commercially farmed
Penaeus monodon occurred in grow-out ponds. Clini-
cal signs of diagnostic importance included necrosis on
the carapace of moribund animals, and some of the
shrimp displayed calcium precipitate visible on the
cephalothorax. Although no grossly visible atrophy
was observed, moribund shrimp in the pre-molt stage
were characterized by a whitish hepatopancreas.
Histological examination of moribund shrimp samples
preserved in Davidson’s fixative (Bell & Lightner 1988)
revealed a systemic infection caused by a rickettsia-
like bacterium (RLB). Cytoplasmic masses were com-
posed of tiny bacterial rods of ~0.5 to ~1 µm that
stained gram-negative with the Gram-Twort stain
(Ollett 1947). The principal target tissues affected by

the RLB in P. monodon included, in order of severity,
the lymphoid organ, connective tissue (systemically),
circulating hemocytes, fixed phagocytes, and cuticular
epithelial cells (Nunan et al. 2003).

A wide range of aquatic crustaceans can be infected
with rickettsia-like microorganisms. Amphipods, crabs,
freshwater crayfish and prawns have been docu-
mented to be infected with RLB (Federici et al. 1974,
Harshbarger et al. 1977, Bonami & Pappalardo 1980,
Larrson 1982, Johnson 1984, Brock et al. 1986, Ander-
son et al. 1987, Krol et al. 1991, Frelier et al. 1992, Fryer
& Lannan 1994, Bower et al. 1996, Jimenez et al. 1997,
Edgerton & Prior 1999, Wang & Gu 2002, Nunan et al.
2003). The purpose of this study was to determine
whether the RLB that caused severe mortalities in
Penaeus monodon could infect and cause mortalities
in specific pathogen free (SPF) P. vannamei. With the
international movement of shrimp stocks (Lightner et
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al. 1997, Harper 2002), and the co-culture of P. mon-
odon and P. vannamei in grow-out ponds in areas of
Southeast Asia (Lightner et al. 1987, Rosenberry 2000),
the infectivity of this RLB in P. vannamei becomes an
important cultural and economic consideration. 

MATERIALS AND METHODS

Experimental shrimp. Specific pathogen free (SPF)
Penaeus vannamei were obtained from the Oceanic In-
stitute in Hawaii (Wyban et al. 1992, Pruder et al. 1995).
These shrimp were reared from postlarvae to approxi-
mately 3 g juveniles at the University of Arizona Aqua-
culture Pathology Center using the methods reported by
White et al. (2002). In each of the bioassays performed,
4 × 90 l capacity glass aquaria were stocked with 5
shrimp per tank. Shrimp were acclimated for 24 h prior to
treatments. Both injection bioassays were conducted for
a period of 21 d. The per os bioassays were maintained
for a minimum of 21 to 35 d. Injection bioassay shrimp
were fed a daily ration of the commercial Rangen 35%
pellet diet at a rate of 4% of their overall biomass. Per os
bioassay shrimp were fed either minced Penaeus mon-
odon tissue at a rate of 5% of the overall biomass for 2
consecutive days or minced P. vannamei tissue at a rate
of 5% of the overall biomass for 5 consecutive days.

The aquaria were disinfected (200 ppm chlorine
from calcium hypochlorite), freshwater rinsed and
filled with artificial seawater (salinity 23 ppt) (Forty
Fathoms Bio-Crystals Marinemix, Marine Enterprises
International) and maintained at room temperature
(~25°C). Each aquarium was outfitted with a 1 l biolog-
ical filter containing crushed oyster shell and granular
activated carbon, with water recirculation provided by
an airlift to each filter. Aeration was delivered to each
tank by 2 teflon air lines: 1 for the airlift and 1 for water
aeration. Control aquaria were isolated from the treat-
ment aquaria and the top of each was covered with a
plastic sheet to prevent aerosol cross-contamination.
Individual nets were assigned to each tank to maintain
sanitary conditions.

Inoculum preparation and injection. Both inocula
for the injection bioassays were prepared by homoge-
nizing 1 g of infected tissue, originating from either
naturally infected Penaeus monodon or experimentally
infected P. vannamei, in 1× TN (Tris; NaCl). The homo-
genates were centrifuged at 3000 × g for 10 min at
room temperature, to pellet cellular debris. The super-
natant fluid was diluted in sterile 2% NaCl to a final
dilution of 1:50. Treatment shrimp were intramuscu-
larly injected (0.05 ml) in the third abdominal seg-
ment using a sterile 1 ml syringe fitted with a 25 gauge
16 mm needle. The negative control shrimp were in-
jected with sterile 2% NaCl. Prior to initiation of the

bioassays, 3 randomly selected shrimp from the SPF
population were preserved in Davidson’s fixative and
their SPF status was verified by routine histology
following standard methods.

Bioassay 1A. Injection of rickettsia infected Penaeus
monodon homogenate into P. vannamei: The inocu-
lum was prepared from frozen (–70°C) RLB-infected P.
monodon, which originated from a shrimp farm in the
southwest region of Madagascar collected in the fall of
2000 (Nunan et al. 2003). A total of 15 SPF P. vannamei
were injected with the inoculum and then equally dis-
tributed between the 3 aquaria. In addition, 5 SPF
shrimp were injected with saline (2% NaCl) and
served as the negative control treatment. The shrimp
were observed daily for signs of disease. During the
course of the bioassay, moribund shrimp and represen-
tative survivors were preserved in Davidson’s fixative
(Bell & Lightner 1988). Records of daily mortalities
were maintained. Dead shrimp, when observed, were
removed from the aquaria and disposed of.

Bioassay 1B. Injection of rickettsia infected Penaeus
vannamei homogenate into P. vannamei: From the
previous bioassay, 1 g of frozen RLB-infected P. van-
namei tissue was used for the inoculum in this series
of bioassays. SPF P. vannamei (15) were injected with
the inoculum, equally distributed among aquaria and
observed daily for signs of disease. The negative con-
trol for this series of bioassays was 5 SPF shrimp
injected with saline. Moribund shrimp were collected
and fixed in Davidson’s fixative during the course of
the experiments to confirm disease status.

Bioassay 2A. Per os exposure of Penaeus monodon
to rickettsia infected P. vannamei tissue: RLB-infected
minced P. monodon tissue (Nunan et al. 2003) was fed
at a rate of 5% total body mass to 15 SPF P. vannamei.
Approximately 4.5 g of the tissue, originating from
frozen shrimp carcasses from the rickettsial disease
outbreak in Madagascar, was fed to the indicator SPF
shrimp at 2.5% body weight in 2 feedings daily for 2 d.
The 3 replicate tanks were maintained on pelleted
rations following the per os exposure. In addition, 5
SPF shrimp were fed pelleted rations and these acted
as the negative control for this series of bioassays.

Bioassay 2B. Per os exposure of Penaeus vannamei
to rickettsia infected P. vannamei tissue: Approxi-
mately 12 g of RLB-infected P. vannamei carcasses col-
lected on Days 11 through 14 during bioassay 1B was
minced and 750 mg (2.5% body mass) was placed into
separate bags for twice daily feedings of 15 SPF P. van-
namei. Per os exposure in this series of bioassays was
5 d. Following the exposure to infected tissue, the
shrimp were fed a pelleted ration. One 90 l tank con-
tained 5 SPF shrimp which were fed only a pelleted
ration for the duration of the bioassay and were main-
tained as the negative control. 
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Histology and gene probe. Moribund and surviving
shrimp from each of the bioassays were preserved in
Davidson’s fixative for histological examination (Bell &
Lightner 1988) and in situ hybridization assays with a
digoxigenin-labeled DNA gene probe specific to this
RLB (Nunan et al. 2003). 

RESULTS

Time course of mortality in the injection bioassays

In Bioassay 1A, mortalities began at 5 d post-
injection (PI) and continued through 19 d PI. A total of
57% of the mortalities occurred from 13 d to 15 d PI.
Cumulative mortalities ranged between 80 to 100%
among each treatment group. No mortalities occurred
in the SPF negative control populations injected with
saline (Fig. 1A).

Bioassay 1B revealed similar mortality data when
compared with Bioassay 1A. Mortalities began 8 d PI
and continued through 12 d PI, with 60% of the die-off
occurring at 9 and 10 d PI. Cumulative mortalities of
the 3 replicate treatment groups was 100%. No mor-
talities occurred in the SPF negative control group that
was injected with saline (Fig. 1B).

The per os bioassays did not demonstrate infectivity
of this organism by this route of exposure. In Bioassay
2A, 1 mortality occurred 6 d PI. There were 14 surviv-
ing shrimp when the experiment was terminated 21 d
PI. As in the injection bioassays, no mortalities oc-
curred in the SPF control group (Fig. 2A).

Bioassay 2B yielded similar results to Bioassay 2A.
In this per os experiment, the indicator P. vannamei
shrimp were fed 5% of their body weight for 5 d and
monitored for 35 d. The negative results from Bioassay
2A necessitated increasing the RLB-infected feed and
the length of the experiment. Even changing these
parameters from the first per os bioassay did not pro-
duce infection. One mortality in the treatment groups
occurred 27 d PI. 14 shrimp survived until 35 d PI when
the experiment was terminated. All of the SPF shrimp
survived (Fig 2B).

Histological and gene probe confirmation
of RLB infection

Histological examination revealed RLB infections in
shrimp sampled from the injection bioassay experi-
ments. The principal target tissues affected by the RLB
included, in order of severity, the lymphoid organ (LO),
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Fig. 1. Mortality results from the injection challenges in which
(A) Penaeus monodon rickettsia-like bacterium (RLB)-infected
tissue homogenate was injected into specific pathogen free
(SPF) P. vannamei, and (B) P. vannamei RLB-infected tissue 

homogenate was injected into SPF P. vannamei

Fig. 2. Mortality results from per os challenges in which 
(A) Penaeus monodon rickettsia-like bacterium (RLB)-infected
tissue was fed at 5% body weight for 2 d to specific pathogen
free (SPF) P. vannamei, and (B) P. vannamei RLB infected 
tissue was fed at 5% body weight for 5 d to SPF P. vannamei
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connective tissue (systemically), and heart and gill
appendages. This organism did not infect the mucosal
epithelial cells of the midgut, anterior midgut caecum
or hepatopancreas. The degree of infection in the tar-
get tissues was variable. Cytoplasm of some infected
cells was filled with the organism, while the cytoplasm
of adjacent cells contained far fewer RLB.

In situ hybridization assays, a useful molecular tool
to further delineate the affected tissues, showed
strong, positive signals only in tissues of mesodermal
origin. The order of severity was similar to that
observed by histological examination with the LO, typ-
ically the most severely affected in the experimental
injection infections (Fig. 3). The gill and heart also
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Fig. 3. In situ hybridization assay results in the lymphoid organ (LO) stomal matrix cells using a digoxigenin-labeled DNA gene
probe specific to the rickettsia-like bacterium (RLB). A positive hybridization signal is demonstrated by the dark purple precipi-
tate. (A) Naturally occurring RLB infection in Penaeus monodon, (B) experimentally induced RLB infection in P. vannamei using
a RLB infected P. monodon homogenate, (C) experimentally induced RLB infection in P. vannamei using a RLB infected P.
vannamei homogenate, and (D) no reaction observed in the per os challenge using RLB infected P. monodon tissue fed to 

P. vannamei. Scale bars = 20 µm
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presented strong probe signals. A probe signal was
also present in the striated muscles, heart, the hemato-
poietic nodules, nerve ganglia, and nerve cord. How-
ever, these tissue types were not infected because the
positive probe reaction was a result of the presence of
infected connective tissue cells or hemocytes in these
tissues. SPF shrimp, sampled from the negative control
aquaria at the beginning and at the termination of the
bioassay experiments, did not react to the probe. Addi-
tionally, the shrimp tissues from the per os experiments
did not react to the RLB probe (Fig. 3).

DISCUSSION

The results from previous studies in aquatic crus-
taceans infected with rickettsia or rickettsia-like
organisms have demonstrated that these bacteria can
cause, or are suspected of causing, significant losses in
commercially raised shrimp, crayfish and wild crabs.
With the movement of aquatic species from one geo-
graphical area to another, the possibility of an infec-
tious agent in Penaeus monodon being spread to areas
that culture P. vannamei becomes an important eco-
nomic consideration. The disease caused by white spot
syndrome virus (WSSV) first severely impacted the
Asian shrimp growing regions and affected farms rais-
ing P. japonicus, P. chinensis and P. monodon. A few
years later, WSSV was found in P. vannamei, P. seti-
ferus and P. stylirostris in the Western Hemisphere and
caused similar, severe mortalities as were seen in
Asian penaeids (Lightner et al. 1997). The purpose of
the present study was to determine whether the RLB
can infect P. vannamei and cause similar disease and
mortalities.

Exposure of SPF Penaeus vannamei to the RLB was
accomplished by 2 methods. The first treatment was by
injection of an RLB-infected homogenate into the
SPF indicator shrimp. Cumulative mortalities of 97%
occurred in the shrimp challenged by injection. This
contrasts with the results from the per os exposure of
SPF P. vannamei to the RLB, in which there was a
93% survival rate. 

The results of these experiments indicate that per os
exposure of infected shrimp to SPF Penaeus vannamei
did not transmit disease. Per os exposure, at the feed-
ing rates investigated in the bioassays, may not have
been adequate to result in the transmission of the dis-
ease. Age of the indicator SPF shrimp (juveniles) ver-
sus the adult P. monodon from which the organism
originated may also play a role in disease outbreak by
per os exposure. Environmental factors, such as sea-
sonally elevated salinity and water temperatures dur-
ing the grow out season, may affect the per os sus-
ceptibility of the affected shrimp. In the experiments

reported here, the salinity and water temperatures
were constant throughout the series of bioassays and
the experimental shrimp were not subjected to the vari-
ations in temperature (>30°C) and salinity (>30 ppt)
experienced by the P. monodon in their natural envi-
ronment. The shrimp in the experimental exposures
were not in a stressful situation compared with the nat-
ural environment in which the P. monodon in Mada-
gascar were cultured, and this may have affected per
os disease expression.

Another possibility that may explain the per os
results is that a parasite or aquatic species, such as
crabs, may have served as a vector of the disease. This
is another possible route by which transmission of the
RLB could be accomplished in the natural environ-
ment. In the experimental challenge studies, vectors
were not a factor.

In both of the injection bioassays, the SPF shrimp
died due to RLB exposure. Disease status was con-
firmed by histology and in situ hybridization assays
with a specific gene probe to the RLB. No mortalities
were attributed to RLB in the per os challenges. In
summary, these series of experiments indicated that
Penaeus vannamei were susceptible to infection from
the RLB that was present in the P. monodon. Infectivity
data from one shrimp species to another is important
information to consider when transporting exotic spe-
cies from one area of the world to a different geo-
graphical location. Importation of live shrimp from
zones where major economic diseases are present is a
method by which new pathogens can be introduced
into new environments and species. Through the use
of domestication of shrimp lines and sanitary control,
spread of exotic pathogens from one species to another
can be minimized.

Acknowledgements. Funding for this research was provided
by a grant from the US Marine Shrimp Farming Program
through USDA, CREES; Grant No. 99-38808-7431. The
authors would like to thank Dr. Carlos Pantoja, Bonnie Poulos
and Rita Redman for their input and/or assistance in conduct-
ing these experiments.

LITERATURE CITED

Anderson I, Shariff M, Nash G, Nash M (1987) Mortalities
of juvenile shrimp Penaeus monodon, associated with
Penaeus monodon baculovirus, cytoplasmic reo-like virus,
and rickettsial and bacterial infections, from Malaysian
brackishwater ponds. Asian Fish Sci 1:47–64

Bell TA, Lightner DV (1988) A handbook of normal penaeid
shrimp histology. World Aquaculture Society, Baton
Rouge, LA

Bonami JR, Pappalardo R (1980) Rickettsial infection in marine
crustacea. Experientia 36:180–181

Bower SM, Meyer GR, Boutillier JA (1996) Stained prawn dis-
ease (SPD) of Pandalus platyceros in British Columbia,

47



Dis Aquat Org 54: 43–48, 2003

Canada, caused by a rickettsial infection. Dis Aquat Org
24:41–54

Brock JA, Nakagawa LK, Hayashi T, Teruya S, Van Campen
H (1986) Hepatopancreatic rickettsial infection of penaeid
shrimp, Penaeus marginatus (Randall), from Hawaii.
J Fish Dis 9:73–77

Edgerton BF, Prior HC (1999) Description of a hepatopan-
creatic rickettsia-like organism in the redclaw crayfish
Cherax quadricarinatus. Dis Aquat Org 36:77–80

Federici BA, Hazard EI, Anthony DW (1974) Rickettsia-like
organism causing disease in a crangonid amphipod from
Florida. Appl Microbiol 28:885–886

Frelier PF, Sis RF, Bell TA, Lewis DH (1992) Microscopic and
ultrastructural studies of necrotizing hepatopancreatitis
in Pacific white shrimp (Penaeus vannamei) cultured in
Texas. Vet Pathol 29:269–277

Fryer JL, Lannan CN (1994) Rickettsial and chlamydial infec-
tions of freshwater and marine fishes, bivalves and crus-
taceans. Zool Stud 33:95–107

Harper C (2002) Disease risks associated with importation of
aquatic animals. Aquaculture 28(2):62–66

Harshbarger JC, Chang SC, Otto SV (1977) Chlamydiae (with
phages), mycoplasmas, and rickettsiae in Chesapeake Bay
bivalves. Science 196:666–668

Jimenez R, Romero X (1997) Infection by intracellular bac-
terium in red claw crayfish, Cherax quadricarinatus (von
Martens) in Ecuador. Aquacult Res 28:923–929

Johnson PT (1984) A rickettsia of the blue king crab, Para-
lithodes platypus. J Invertebr Pathol 44:112–113

Krol RM, Hawkins WE, Overstreet RM (1991) Rickettsial and
mollicute infections in hepatopancreatic cells of cultured
Pacific white shrimp (Penaeus vannamei). J Invertebr
Pathol 57:362–370

Larrson R (1982) A rickettsial pathogen of the amphipod Rivu-
logammarus pulex. J Invertebr Pathol 40:28–35

Lightner DV, Hedrick RP, Fryer JL, Chen SN, Liao IC, Kou GH
(1987) A survey of cultured penaeid shrimp in Taiwan
for viral and other important diseases. Fish Pathol 22(3):
127–140

Lightner DV, Redman RM, Poulos BT, Nunan LM, Mari JL,
Hasson KW (1997) Risk of spread of penaeid shrimp
viruses in the Americas by international movement of live
and frozen shrimp. Rev Sci Tech 16:146–160

Nunan LM, Poulos BT, Redman R, Le Groumellec M, Lightner
DV (2003) Molecular detection methods developed for a
systemic rickettsia-like bacterium (RLB) in Penaeus mon-
odon (Decopoda: Crustacea). Dis Aquat Org 53:15–23

Ollett WS (1947) A method for staining both gram positive
and gram negative bacteria in sections. J Pathol Bacteriol
59:357–358

Pruder GD, Brown CL, Sweeney JN, Carr WH (1995) High
health shrimp systems: seed supply—theory and practice.
In: Browdy CL, Hopkins JS (eds) Swimming through trou-
bled water. Proc Special Session on Shrimp Farming.
World Aquaculture Society, Baton Rouge, LA, p 40–52

Rosenberry B (ed) (2000) World shrimp farming. Shrimp News
International, San Diego

Wang W, Gu Z (2002) Rickettsia-like organism associated
with tremor disease and mortality of the Chinese mitten
crab Eriocheir sinensis. Dis Aquat Org 48:149–153

White BL, Lightner DV, Schofield PJ, Poulos BT (2002) A
laboratory challenge method for estimating TSV resis-
tance in selected lines of Penaeus vannamei. J World
Aquac Soc 33:341–348

Wyban JA, Swingle JS, Sweeney JN, Pruder GD (1992)
Development and commercial performance of high health
shrimp using specific pathogen free (SPF) broodstock
Penaeus vannamei. In: Wyban JA (ed) Proc Special
Session on Shrimp Farming. World Aquaculture Society,
Baton Rouge, LA, p 254–259

48

Editorial responsibility: Timothy Flegel, 
Bangkok, Thailand

Submitted: October 3, 2002; Accepted: December 19, 2002 
Proofs received from author(s): February 25, 2003


