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Pathogenic Vibrios associated with loose shell syndrome in mangrove crabs (Scylla spp.)
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Abstract: An emerging disease known as loose shell syndrome, with unknown etiology, impacts ~ Article history:

mangrove crab aquaculture in the Philippines. This study investigated the presence and characterized
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pathogenic Vibrio spp., which might be implicated in loose shell syndrome in mangrove crabs, Scylla Ay ailable online 25 February 2025

spp. Five bacterial isolates associated with loose shell syndrome in mangrove crabs were obtained

and purified. Polymerase chain reaction (PCR) amplification using Vibrio-specific primers identified
one isolate carrying the hemolysin (vhh) virulence gene of Vibrio harveyi, which was later confirmed
by sequencing of the 16S rRNA. The other non-Vibrio isolates were Proteus, Shewanella, and
Stutzerimonas. This study provides valuable insights into the possible etiology of loose shell
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syndrome in mangrove crabs, contributing to a better understanding of whether the condition stems

from bacterial, environmental, or a combination of both factors.

Introduction

Mangrove crabs (Scylla spp.) are among the top
species cultured in the Philippines for aquaculture
production, as they are well-liked for their taste,
texture, and nutritive value (Triflo et al., 1999). In fact,
the country is the second-top producer of mangrove
crabs in the world. As one of the major mangrove
crab-producing countries, the Philippines needs to
ensure the sustainability of the mangrove crab farming
industry. However, this goal faces significant
challenges due to the emergence of infectious and
non-infectious diseases.

Loose shell syndrome is characterized by a loosely
attached carapace, diminished internal mass, and
reduced body size (Villarias et al., 2024). It shares
similarities with the loose shell syndrome observed in
shrimps, where the exoskeleton covering the
abdominal musculature becomes weak, loose, or soft
(AftabUddin et al., 2018). It also results in a noticeable
reduction in body size and significantly diminished
internal mass relative to typical specimens. A possible
etiological agent for loose shell syndrome in
mangrove crabs is the Vibrio species, which is known

“Correspondence: Christopher Marlowe A. Caipang
E-mail: cacaipang @up.edu.ph

for causing bacterial diseases in aquaculture (Haseeb
and Singh, 2012). These bacteria predominantly affect
the gills, guts, hepatopancreas, hemolymph, and
exoskeleton of crabs (Saha et al., 2023). Vibrio spp.
have also been identified in shrimps with loose shell
syndrome, raising the possibility of a similar link in
mangrove crabs (Jayasree et al., 2008; Naik et al.,
2020).

In a previous study, Villarias et al. (2024) found an
association between the occurrence of Vibrios in
mangrove crabs with loose shell syndrome, suggesting
the potential role of this group of bacteria in the
progression of the disease. To gain a more
comprehensive understanding of how Vibrios
contribute to the occurrence of loose shell syndrome
in mangrove crabs, the present study aimed to
characterize these pathogenic Vibrios at the
morphological, biochemical, and molecular levels.
The data derived from this study will provide crucial
information on the transmission dynamics and host-
pathogen interactions of these Vibrios in order to
develop targeted interventions for effective health
management of mangrove crab aquaculture.
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Table 1. Summary of primer pairs used to target pirA, vhh, and toxR genes for PCR amplification.

Primer Sequence Expecteq Gene Reference
name product size
AP3-F 5-ATGAGTAACAATATAAAACATGAAAC-3' . . .

336 bp pirA Sirikharin et al. (2014)
AP3-R 5-GTGGTAATAGATTGTACAGAA -3'

VhhF 5’-GCATTGGGTGACAGCTTGTCG-3’
VhhR 5’-CGGTTGTAGTTCATGAAGTCATTC-3’

320 bp vhh Castroverde et al. (2006)

Materials and Methods

Sample collection and isolation of putative Vibrio
spp.: Mangrove crabs that exhibit loose shell
syndrome were purchased from a local crab landing
site in Roxas City, Capiz, and transported to the
laboratory of the National Institute for Molecular
Biology and Biotechnology at the University of the
Philippines Visayas for analysis. The affected crabs
were identified by their soft, thin carapace, reduced
body size, and reduced internal mass compared to
apparently healthy crabs. The gills and gut were
excised, weighed, and placed in a 1.5 mL centrifuge
tube. An equal volume of normal saline solution
(NSS) was added, and the samples were homogenized.
Serial dilutions and the isolation of Vibrios and
Vibrio-like colonies on Thiosulfate—Citrate—Bile
Salts—Sucrose (TCBS) agar plates followed the
method described previously (Villarias et al., 2024).
Biochemical characterization: Five bacterial isolates
were further characterized after initial NA+ and TCBS
agar plate assessments. Colony
evaluated on Chromogenic Vibrio agar (CVA), and
Gram staining further detailed their morphology.
Biochemical properties were analyzed following
American Society for Microbiology protocols,
including tests for motility, hydrogen sulfide
production, catalase, citrate utilization, and gelatin
hydrolysis, based on Bergey’s Manual (Holt et al.,
2000).

Molecular identification of pathogenic Vibrios:
DNA from the isolates was extracted using a
commercial genomic DNA  extraction kit
(Invitrogen™ PureLink™ Genomic DNA Mini Kit)
following the manufacturer’s protocol. The extracted
DNA was used to screen for the presence of
pathogenic Vibrio spp. via polymerase chain reaction

features were

(PCR) using different primer sets, and portions of each
isolate were sent for sequencing (Macrogen Inc.,
Korea). Different primer sets were utilized for the
PCR analysis to detect the target virulent genes. One
of the primers used was the VhhFR primer pair
(Castroverde et al, 2006) for the specific
amplification of a 320-bp fragment of the hemolysin
gene from Philippine isolates of Vibrio spp. The AP3
primer set of Sirikharin et al. (2014) targeted the toxin
gene pirA causing Acute Hepatopancreatic Necrosis
Disease (AHPND). The primer pair is unique to the
DNA sequences derived from the plasmid of V.
parahaemolyticus and has been shown to effectively
target V. parahaemolyticus AHPND-positive isolates
(Kongrueng et al., 2015). Table 1 summarizes the
primer pairs used in this study for PCR and their
respective sequences, target genes, and expected
product size.

Prior to loading the DNA samples on the thermal
cycler, a PCR reaction mix was prepared, which
includes DNA polymerase, dNTPs, PCR buffer, and
primers following the procedures of Caipang et al.
(2010). Amplification was performed with an initial
denaturation of 95°C for 1 minute, followed by 35
cycles of denaturation at 95°C for 30 seconds,
annealing at 53°C for 30 seconds, elongation at 72°C
for 1 minute, and a final elongation at 72°C for 5
minutes completed the reaction. PCR products were
resolved on a 1% agarose gel alongside the VC 100bp
Plus DNA Ladder (Vivantis Technologies) for size
determination. Gel images were analyzed using the
Gel Doc XR+ System to identify isolates positive for
the target genes.

Phylogenetic analysis: The 16S rRNA sequences of
the five bacterial isolates were compared to the
sequences available in the GenBank database using
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Table 2. Morphological characterization of selected bacterial isolates from mangrove crabs with loose shell syndrome.

Colony Morphology
Isolate Margin Elevation Color on Color on Color on Gram Stain
NA* TCBS CVA
P1 Smooth Convex Creamy white Green Pink-rose Negative
P4 Smooth Convex Creamy white Yellow Colorless Negative
P5 Smooth Convex Creamy white Green Pink-rose Negative
P6 Smooth Convex Creamy white Green Pink-rose Negative
P10 Smooth Convex Creamy white Yellow Colorless Negative
Table 3. Biochemical characterization of selected bacterial isolates from mangrove crab with loose shell syndrome.
Isolate Motility HoS Catalase Gelatin Sucrose Citrate
Production Hydrolysis Fermentation Utilization
P1 + + + - - +
P4 + - + + + -
P5 + + + + - -
P6 + + + + + -
P10 + + + + - -

the National Center for Biotechnology Information
(NCBI) Basic Local Alignment Search Tool (BLAST)
to determine bacterial identities. Closely related
species or strains with high similarity scores, as
determined by BLASTn results, were selected, with
Acinetobacter baumannii DSM30007 included as an
outgroup for rooting the phylogenetic tree. Multiple
sequence alignments were performed using MAFFT
(Version 7) (Katoh et al., 2019), followed by trimming
with TrimAl (Capella-Gutierrez et al. 2009) to remove
regions with poor alignment and gaps. The trimmed
alignments in FASTA format were then converted to
PHYLIP file for tree-building using IQTree, and the
constructed phylogenetic tree was visualized using
FigTree (Version 19 1.4.4). The species closest to the
clade containing the reference sequence was identified
for each bacterial isolate.

Results and Discussions

The morphological characteristics of the five selected
bacterial isolates are detailed in Table 2. All isolates
were Gram-negative and produced smooth, convex,
and creamy-white colonies on NA+. On TCBS,
isolates P1, P5, and P6 produced green colonies,
whereas isolates P4 and P10 produced yellow colonies

or sucrose fermenters. On CVA, isolates P1, P5, and
P6 produced pink rose colonies, while isolates P4 and
P10 exhibited colorless colonies.

Additionally, microscopic examination revealed
that isolate P2 exhibited the characteristic comma-
shaped morphology of Vibrio species. Table 3
provides an overview of the biochemical properties of
the bacterial isolates. All isolates are shown to have
tested positive for motility and catalase test. However,
in the citrate utilization test, only isolate P1 tested
positive, while the remaining isolates tested negative.
Conversely, in the gelatin hydrolysis test, isolate P1
tested negative, whereas the other isolates tested
positive. The the agarose gel
electrophoresis of the PCR showed that none of the
isolates amplified the pirA gene as there is no distinct
band that can be observed. This absence suggests the
lack of virulent V. parahaemolyticus strains harboring
the pirA gene among the tested isolates.

Figure 1 presents the gel electrophoresis result of
the PCR aimed at detecting the vhh gene in the
selected isolates. A distinct band can be observed
above the 300-bp marker in lane 2 (Isolate P2),
indicating the presence of the vhh gene. This suggests
that Isolate P2 is likely a pathogenic Vibrio. The other

results from
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Figure 1. Agarose gel electrophoresis of PCR products targeting the vhh gene.

lanes show varying degrees of DNA fragments or
band sizes, which may imply that the observed bands
in these lanes result from non-specific amplification.

The phylogenetic tree, generated through
maximum likelihood analysis of 16S rRNA
sequences, is illustrated in Figure 2. The results
indicate that isolate P4 forms a distinct clade with
Vibrio harveyi and is supported by a bootstrap value
of 94%, confirming its classification within the Vibrio
genus. Conversely, isolates P1 and P5 cluster closely
with Shewanella algae, with 73% and 88% bootstrap
values, respectively. Isolate P6 shares significant
sequence similarity with Stutzerimonas stutzeri,
supported by a bootstrap value of 70%. Additionally,
1solate P10 is closely related to Proteus mirabilis, with
the highest bootstrap value of 100%. Overall, except
for isolate P4, which is identified to be a putative
V. harveyi, all other isolates belong to different
bacterial genera.

Phenotypically, Vibrio spp. are motile, Gram-
negative bacteria that are curved-rod in shape,
facultatively aerobic, catalase-positive, and with a
fermentative and respiratory metabolism (Weil and
LaRocque, 2020). To isolate Vibrios from the

mangrove crabs with loose shell syndrome, TCBS
agar was used as a medium as it is widely used to
isolate Vibrio spp. from environmental samples.
Sucrose-fermenting Vibrios, such as V. cholerae, form
yellow colonies on the medium, whereas the non-
sucrose-fermenting Vibrios, including
V. parahaemolyticus, form green colonies. Among the
five bacterial isolates selected for phenotypic
characterization, two produced yellow, and three
produced green colonies. All isolates were Gram-
negative. They also tested positive for catalase and
motility. For other biochemical properties, the results
can vary depending on the Vibrio species. Typically,
Vibrios test negative for hydrogen sulfide (H2S)
production due to their inability to reduce thiosulfate
to sulfide in SIM medium. In bacteria that can reduce
thiosulfate, the resulting sulfide reacts with iron in the
medium to form a black precipitate, indicating H2S
production. Unlike Vibrio species, bacteria such as
Salmonella and Proteus produce this black precipitate
(Paydar, 2013). Only Isolate P4 tested negative for
H>S production, suggesting it could be a putative
Vibrio, while the others may belong to different
bacterial genera. Isolate P4 also displayed the
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Figure 2. Phylogenetic tree of the 16S rRNA sequences of the selected bacterial isolates.

characteristic comma-shaped morphology under the
microscope. These findings question the selectivity of
TCBS agar as a culture medium for the isolation of
Vibrios.

In a study conducted by Shikongo-Nambabi
(2012), it was found that many of the putative Vibrio
isolates obtained did not belong to the bacterial group.
Their findings underscore the need to improve the
selectivity of TCBS to inhibit the growth of non-
Vibrios Pseudomonas, Aeromonas,

such as

Shewanella, and members of Enterobacteriaceae.
Another selective culture medium used in this study
for screening Vibrios was the Chromogenic Vibrio
Agar (CVA). This selective medium is designed to
differentiate three types of Vibrios based on unique
enzyme activity. B-glucosidase activity results in blue-
green colonies, typical of V. parahaemolyticus. Red or
pink colonies indicate 3-galactosidase activity and are
observed in V. cholerae and V. vulnificus. Lastly, the
colorless colonies are identified as V. alginolyticus,
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whose - galactosidase expression is inhibited by high
sugar concentrations. All the isolates appeared to have
characteristics expected of Vibrios, displaying either
pink-rose or colorless colonies. However, considering
the positive results of most of the isolates in the HoS
production test, only isolate P4 is likely to be Vibrio.

To identify the bacterial isolates at the molecular
level, their DNA was extracted and subjected to PCR
analysis for the detection of the pirA gene, which is
indicative of a specific strain of V. parahaemolyticus
known to cause Acute Hepatopancreatic Necrosis
Disease (AHPND). It is a devastating disease affecting
populations of penaeid shrimp (Soto-Rodriguez et al.,
2022). The pirA gene encodes a secreted protein, a
major virulence factor inducing the disease. The
agarose gel electrophoresis results revealed that none
of the isolates were positive for the target gene. The
primers developed by Castroverde et al. (2006) were
chosen for their ability to detect a 320-bp segment of
the vhh gene in Vibrio spp. isolates originating from
the Philippines, which have exhibited pathogenicity
towards shrimps. The 16s rRNA sequence analysis of
the bacterial isolates further confirmed their identities.
Isolate P4 was identified as a putative V. harveyi, but
the remaining isolates were non-Vibrios. Isolate P1
and P5 were closely related to Shewanella algae,
1solate P6 to Stutzerimonas stutzeri, and isolate P10 to
Proteus mirabilis. These results support the study by
Shikongo-Nambabi (2012), reinforcing that TCBS
agar is not sufficiently selective for isolating Vibrios.
A more selective medium aside from TCBS agar
should be employed to isolate pathogenic Vibrios
from mangrove crabs with loose shell syndrome.
Furthermore, employing a number of phenotypic tests
for screening is advisable before proceeding to
molecular techniques to confirm their identity
accurately.

Conclusion

In conclusion, pathogenic Vibrios, particularly
V. harveyi harboring the vhh gene, can be isolated
from mangrove crabs exhibiting loose shell syndrome.
The findings in this study provide preliminary
evidence for further investigations to delineate the

pathogenic mechanisms of Vibrios and assess how
they contribute to the underlying symptoms of the
disease, whose cause remains elusive. Future studies
should focus on performing experiments using these
Vibrios to ascertain whether these bacteria are the
etiologic agents of this condition in mangrove crabs.

Acknowledgments

The authors express their sincere gratitude to the
Division of Biological Sciences Microbiology
Laboratory at the University of the Philippines
Visayas and the National Institute of Molecular
Biology and Biotechnology for providing access to
their facilities. This work was partially supported by
the DOST-PCAARRD research project, "Molecular
Detection of Pathogens in Mangrove Crabs: A Step
Towards Ensuring a Sustainable Mangrove Crab
Aquaculture Industry," and is part of the Research
Program of the Division of Biological Sciences,
College of Arts and Sciences, University of the
Philippines Visayas.

References

AftabUddin S., Roman W.U., Hasan C.K., Ahmed M.,
Rahman H., Siddique M.A.M. (2018). First incidence of
loose-shell syndrome disease in the giant tiger shrimp
Penaeus monodon from the brackish water ponds in
Bangladesh. Journal of Applied Animal Research,
46(1): 210-217.

Caipang C.M.A., Brinchmann M.F., Kiron V. (2010)
Antagonistic activity of bacterial isolates from intestinal
microbiota of Atlantic cod, Gadus morhua, and an
investigation of their immunomodulatory capabilities.
Aquaculture Research, 41: 249-256.

Capella-Gutierrez S., Silla-Martinez J.M., Gabaldon T.
(2009). trimAl: a tool for automated alignment
trimming in large-scale phylogenetic analyses.
Bioinformatics, 25: 1972-1973.

Castroverde C.D.M., San Luis B.B., Monsalud R.G.,
Hedreyda C.T. (2006). Differential detection of vibrios
pathogenic to shrimp by multiplex PCR. Journal of
General and Applied Microbiology, 52(5): 273-280.

Clinical and Laboratory Standards Institute (CLSI). (2015).
Methods for antimicrobial dilution and disk
susceptibility testing of infrequently isolated or
fastidious bacteria. 3rd ed. CLSI guideline M45.
Wayne, PA. 120 p.



Int. J. Aquat. Biol. (2025) 13(1): 23-29 29

Haseeb M., Singh L.S. (2012). Development of zero water
exchange shrimp culture system integrated with
bioremediation of detritus and ammonia nitrogen
[Dissertation]. National Centre for Aquatic Animal
Health Cochin University of Science and Technology;
Kochi, Kerala, India.

Holt GJ., Krieg N.R., Sneath P.H.A., Staley J.T., Williams
S.T. (2000). Bergey’s manual of determinative
bacteriology. Ninth edition. Lippincott Williams and
Wilkins, Philadelphia, USA. 787 p.

Jayasree L., Janakiram P., Madhavi R. (2006).
Characterization of Vibrio spp. associated with diseased
shrimp from culture ponds of Andhra Pradesh (India).
Journal of the World Aquaculture Society, 37(4): 523-
532.

Jayasree L., Janakiram P., Madhavi R. (2008). Isolation
and characterization of bacteria associated with cultured
Penaeus monodon affected by loose shell syndrome.
Journal of Aquaculture - Bamidgeh, 60: 46-56.

Katoh K., Rozewicki J., Yamada K.D. (2019). MAFFT
online service: multiple sequence alignment, interactive
sequence choice and visualization. Briefings in
Bioinformatics, 20: 1160-1166.

Kongrueng J., Yingkajorn M., Bunpa S., Sermwittayawong
N., Singkhamanan K., Vuddhakul V. (2015).
Characterization of Vibrio parahaemolyticus causing
acute hepatopancreatic necrosis disease in southern
Thailand. Journal of Fish Diseases, 38(11): 957-966.

Letchumanan V., Pusparajah P., Tan L.T-H., Yin W-F.,
Lee L-H., Chan K-G. (2015). Occurrence and Antibiotic
Resistance of Vibrio parahaemolyticus from Shellfish
in Selangor, Malaysia. Frontiers in Microbiology, 6:
735.

Lin P., Wei C.L. (2012). Genomic DNA QC using standard
gel electrophoresis (for collaborators). Doe Joint
Genome Institute: Berkeley, CA, USA. pp: 1-11.

Naik M.K., Reddy M.H., Reddy M.S. (2020). Occurrence
of loose shell syndrome disease in culture operation of
shrimp Litopenaeus vannamei in different regions of
Andhra Pradesh. International Journal of Fisheries and
Aquatic Studies, 8(4): 274-279.

Paydar M. (2013). Isolation and differentiation of Vibrio
species from seafood and molecular characterisation of
Vibrio parahaemolyticus [dissertation]. University of
Malaya (Malaysia).

Rahman M.S. (2020). Diversity of Vibrio Species’ and their
antibiotic resistance patterns in black tiger shrimp
Penaeus monodon Fabricius, 1798 cultured in South-
West region of Bangladesh. Asian Fisheries Science,
33(4).

Rafioa D.R.E., Hedreyda C.T. (2005). Sequence analysis of
partial foxR gene from Philippine Vibrio isolates and
design of foxR-targeted primers for detection. Journal of
General and Applied Microbiology, 51(6): 343-351.

Saha S., Pradhan D., Dash G. (2023). Studies on diversity
of bacterial diseases and occupational risks through
mudcrab aquaculture in West Bengal. Journal of Pure
and Applied Microbiology, 17(2): 722-731.

Shikongo-Nambabi M. (2012). Identification of Putative
Vibrio Species Isolated from Processed Marine Fish
Using Thiosulphate-Citrate-Bile-Sucrose (TCBS) Agar.
BBJ, 2(4): 229-246.

Soto-Rodriguez S.A., Lozano-Olvera R., Ramos-Clamont
Montfort G., Zenteno E., Sanchez-Salgado J.L.,
Vibanco-Pérez N., Aguilar Rendén .KG. (2022). New
Insights into the Mechanism of Action of PirAB from
Vibrio parahaemolyticus. Toxins, 14(4): 243.

Trifio A., Rodriguez E., Coniza E., Juanga B. (1999).
Mudcrab. Tigbauan, Iloilo, Philippines: Aquaculture
Dept., Southeast Asian Fisheries Development Center.

Uddin S., Nurul M., Rahman M., Zafar M. (2013).
Antibiotic resistance of Vibrio bacteria isolated from
mud crab Scylla serrata of Chakoria Coast, Bangladesh.
Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 4(3): 325.

Venkateswaran K. (1999). VIBRIO | Standard Cultural
Methods and Molecular Detection Techniques in Foods.
In: Encyclopedia of Food Microbiology. Elsevier. pp:
2248-2258.

Villarias M.P., Gabuat H.G., Romey M.T., Pakingking Jr.
R., Ynion G.P.L., Fagutao F.F., Suharman I., Caipang
C.M. (2024). Antibiotic resistance and molecular
identification of dominant bacteria associated with
loose shell syndrome in mangrove crabs (Scylla spp.).
BIO Web of Conferences, 136: 05004.

Weil A.A., LaRocque R.C. (2020). Cholera and other
vibrios. In: Hunter's Tropical Medicine and Emerging
Infectious Diseases. Elsevier. pp. 486-491.

Yudiati E., Subagiyo, Azhar N. (2021). Antimicrobial
susceptibility and minimum inhibition concentration of
Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio
harveyi isolated from a white shrimp (Litopenaeus
vannamei) pond. IOP Conference Series: Earth and
Environmental Science, 763(1): 012025.



