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This study was conducted to isolate and identify the putative pathogenic Vibrio species dominantly present 
during the first 10 days of mangrove crab, Scylla serrata larval culture and test the isolates’ susceptibility 
to antibiotics. Dominant colonies of Vibrio were periodically isolated based on their colonial morphology 
on thiosulfate citrate bile sucrose (TCBS) agar and nutrient agar supplemented with 2% NaCl (NA+) plates. 
Conventional biochemical and physiological tests revealed the existence of 4 dominant groups belonging to 4 
species including V. campbellii, V. proteolyticus, V. alginolyticus and V. tubiashii. Furthermore, through 16S rRNA 
gene sequencing, the taxonomic position of each representative strain randomly selected from the 4 dominant 
groups of Vibrio spp. Was ascertained. Moreover, the in vitro susceptibility of the 4 representative Vibrio spp. 
to commercially available antibiotic discs including amoxicillin, oxolinic acid, tetracycline, kanamycin, ampicillin, 
trimethoprim and cefprozil were examined. Results showed that all four species were susceptible to tetracycline, 
oxolinic acid and trimethoprim, however, the susceptibility of V. campbellii and V. proteolyticus to trimethoprim 
were just intermediate. The susceptibility of the Vibrio isolates to the rest of the commercial antibiotic discs were 
either intermediate or resistant. In addition, the minimal inhibitory concentration (MIC) assay was conducted 
using oxytetracycline (OTC) concentrations ranging from 10 to 50 mg L-1. Results showed that V. tubiashii was 
susceptible to at least 10 mg L-1 OTC, while V. campbellii, V. alginolyticus and V. proteolyticus were susceptible 
to at least 30, 40 and 50 mg L-1 OTC respectively. Current data clearly indicate that OTC is a suitable candidate 
for the treatment and prevention of vibriosis in S. serrata larval culture with at least 50 mg L-1 required to inhibit 
all the four putative pathogenic Vibrio spp. tested. 

Bacterial infection is one of the major causes of 
high mortality during mangrove crab larval culture 
(Cholik 1999; Liessmann 2005; Talib et al. 2013, Amar 
et al. 2017). Vibrio species within the culture system, 
from the natural food and the larvae itself, have been 
particularly tagged as the major culprits for the mass 
mortality of crustacean larvae, including crabs and 
shrimps (Lavilla-Pitogo and de la Peña 2004; Shelley 
et al. 2008; Jithendran et al. 2009; 2010). Monitoring 
of total Vibrio counts during mangrove crab larval 
rearing revealed that the surge in Vibrio counts 
happened during first few days of culture (Mann et 
al.1999), coinciding with larval mass mortality. While it 
was obvious that Vibrio were indeed the main culprits 
of early mangrove crab larval mortality, Mann et al. 

(1999) did not go further to identify the species of Vibrio 
and their characteristics. Although several species of 
Vibrio from mangrove crab larval cultures have been 
identified (Parenrengi et al. 1993; Akinbowale et al. 
2006; Sarjito et al. 2016), the reports were not clear 
which species were isolated during the early part of 
larval culture which is the most crucial period. 

Antibiotics are still commonly used in mangrove 
crab larval rearing due to a lack of natural alternatives 
to prevent bacterial infection (Amar et al. 2017; Pates 
et al. 2017). The application of antibiotics has been 
reported to improve larval survival of mangrove crabs 
(Shelley et al. 2008; Azam and Narayan 2013) and 
other cultured aquatic organisms (Regidor, 2020), 
however, the regular, prolonged and improper use 
of antibiotics may alter the microbial communities 
within or outside the culture system and may lead 
to the development of antibiotic-resistant bacterial 
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strains (Subashinghe et al. 2000; Somga et al. 
2012; Mateus et al. 2014). Knowing the identity of 
dominant Vibrio species in mangrove crab larval 
culture as well as their susceptibility to antibiotics is 
vital in the development of larval rearing protocol to 
address problems with diseases and larval mortality. 
This study therefore identified the Vibrio species 
associated with the culture of early larval stages of 
the mangrove crab, S. serrata (Zoea I to Zoea III) and 
tested the susceptibility of such Vibrio to antibiotics 
commonly used in aquaculture.

METHODS

Source of Larvae

Mangrove crab, S. serrata larvae were produced 
from spawners (500-700 g) purchased from mangrove 
crab buying stations and reared at the Hatchery 
Complex of the Institute of Aquaculture, University 
of the Philippines Visayas, following the method of 
Genodepa (2003). Briefly, larval rearing was done 
in 4 units circular tanks (500 L capacity), with 400 L 
of chlorinated, UV-sterilized seawater (22‰ salinity; 
28°C temperature) and aeration. Actively swimming 
newly hatched zoea from the incubation/ hatching 
tank were attracted to a strong light source and 
collected using a scoop bowl, about 4 to 6 h from time 
of hatching and were stocked at 100 L-1 in the rearing 
tanks. Rotifers (Brachionus sp.) were fed at a density 
of 40 to 60 individuals mL-1 right after the larvae were 
stocked and OTC (20 mg L-1) was also added to 
control the pathogens from both the newly hatched 
larvae and the rotifers. Both the rotifers and OTC 
were given only once during the entire 10-day culture 
duration. Microalgae (Nannochloropsis sp.) which 
served as food of rotifers was introduced in the larval 
tanks at day 0 and maintained at a density of 5x104 

cells mL-1 by daily addition of the desired quantity/
volume of the microalgae from asceptic indoor 
cultures. Newly hatched Artemia were introduced 
and maintained in the larval tanks at a density of 0.5 
nauplii mL-1 beginning on the second day after larvae 
molted into Zoea II stage. Water was not changed for 
the entire 10-day duration of culture.

Bacteriological Analysis

 Duplicate samples of rearing water (100 mL) 
and crab larvae (20 individuals) were asceptically 
collected from each of the 4 larval rearing tanks 
between 0700H to 0800H daily from day 0 to day 
10. Triplicate samples of the microalgae (100 mL), 
Artemia (50 individuals) and rotifers (50 mL) were 

likewise aseptically collected prior to introduction of 
these natural feeds into the larval rearing tanks. The 
crab larvae, rotifer and Artemia samples were washed 
thrice in sterile normal saline solution (NSS) to remove 
surface microflora. All samples were homogenized 
and spread onto nutrient agar supplemented with 
2% NaCl (NA+) and thiosulfate citrate bile sucrose 
(TCBS) agar in 3 replicates and incubated overnight 
at room temperature (28°C). Total plate count (TPC) 
and presumptive Vibrio count (PVC) were determined 
after 24 h and were expressed in colony forming units 
per milliliter (CFU mL-1).

Isolation of Vibrio Species

Isolation of bacteria were conducted at 
the Microbiology Laboratory of the Institute of 
Aquaculture, University of the Philippines Visayas. 
Isolates of dominant bacterial colonies with unique 
colony morphology such as color, margin, elevation 
on TCBS agar plates and luminescence in NA+ plates 
were individually picked and repeatedly streaked onto 
fresh NA+ to obtain pure isolates. Purified bacterial 
isolates were inoculated in an agar stab culture and 
stored at 4°C in a laboratory refrigerator until further 
analysis.

Characterization of the Isolates

Bacterial isolates were first screened through 
Gram-staining following the method of Moyes et 
al. (2009). The colony appearance, luminescence 
in NA+ plates and color in chromogenic Vibrio agar 
were examined and then colonies having the same 
characteristics were categorized under the same 
group. Isolates were characterized using biochemical 
tests following the method of Alsina and Blanch 
(1994) which included tests for oxidase, oxidative-
fermentative, decarboxylase (arginine, lysine, 
ornithine), gelatin hydrolysis, catalase, methyl red, 
carbohydrate fermentation/gas production, triple 
sugar iron agar, indole, nitrate reduction, citrate 
utilization, Voges-Proskauer and resistance to 
ampicillin. Physiological tests such as growth in 
different salinities (0, 3, 6, 8, and 10% NaCl) and 
temperatures (4°C and 28°C) were also performed.

Molecular identification of isolates

Pure isolates of the 4 Vibrio species were 
submitted to Philippine Genome Center, University 
of the Philippines Diliman for 16S rRNA sequencing. 
The resulting sequences were compared to the 
sequences of organisms in the GenBank using 
the National Center for Biotechnology Information 
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(NCBI) Basic Local Alignment Search Tool (BLAST) 
(https://www.ncbi.nlm. nih.gov/). Representative 
strains which were more than 97% identical to the 
isolates were selected to construct a phylogenetic 
tree through the neighbor-joining method in the NCBI 
website. The species closest to the clade of the 
reference sequence was then chosen as the identity 
of the bacterial isolate.

Antibiotic sensitivity test

The inhibitory effects of the different antibiotic 
discs (amoxicillin, 30 µg; oxolinic acid, 2 µg; 
tetracycline, 30 µg; kanamycin 30 µg; ampicillin 10 
µg; trimethoprim, 5 µg; and cefprozil, 30 µg) were 
tested on the identified Vibrio species using disc-
diffusion assay following the method of Bauer et 
al. (1966). Bacterial isolates were sub-cultured on 
NA+ and incubated at room temperature (28°C) 
for 18 to 24 h, and then 4 to 5 colonies of each 
bacterial isolate were inoculated in sterile normal 
saline solution (NSS). The density of each bacterial 
suspension was adjusted to approximately 1.5x108 

CFU mL-1 by adding sterile NSS until turbidity was 
comparable to No. 0.5 McFarland standard solution. 
A sterile cotton swab was dipped into each bacterial 
suspension, then streaked onto 3 replicate Mueller-
Hinton agar (MHA) plates and incubated for 15 
minutes (Tendencia 2004). Antibiotic discs were then 
strategically placed on the MHA plates using sterile 
forceps and then the plates were incubated at 28°C. 
After 24 h of incubation, the inhibition zones were 
determined by measuring the clear zones around 
the antibiotic disc using a transparent ruler. The clear 
zone diameters were then compared to the zone of 
inhibition interpretative standards (CLSI, 2015) and 
reported either as intermediate (I), susceptible (S), or 
resistant (R).

Susceptibility at Different OTC Concentrations

The minimum concentration of OTC to inhibit 
the bacterial isolates were determined based on the 
method of Epoke et al. (2003). OTC powder (10, 20, 
30, 40 and 50 mg) were diluted in 100 mL of sterile 
distilled water to obtain the desired concentrations 
of 10, 20, 30, 40, and 50 mg L-1 respectively. Each 
antibiotic concentration was then impregnated onto 
sterile paper discs (Whattman No.1, 6 mm diameter) 
using 10 µL of the prepared concentrations and air 
dried for 15 min. The discs were then tested for their 
inhibitory effects following the method mentioned 
earlier.

Statistical Analysis

Statistical analyses of the resulting data on the 
bacteriological analysis of the samples during the 10-
day culture period and the data on the susceptibility 
of the four Vibrio isolates to different concentrations 
of OTC were performed using SPSS for Windows 
Version 20. Paired t-Test was used to determine 
the differences in bacterial density (TPC) and Vibrio 
counts (PVC) between adjacent days of culture in 
both rearing water and crab larvae. The resulting 
bacterial density (TPC) and PVC from the natural food 
samples (green algae, rotifer, and Artemia nauplii) 
and the susceptibility test (based on the diameter 
of the zones of inhibition) of the four Vibrio isolates 
to different OTC concentrations were analyzed for 
homogeneity of variance using Levene's test, then 
subjected to one-way analysis of variance (ANOVA). 
Further, either Tukey's test for equal variances, or 
Games–Howell test for unequal variances were 
performed to determine significant differences among 
treatment means.

RESULTS

Bacteriological Analysis

The trend of TPC in both the rearing water and 
the crab larvae were similar (Figure 1). Bacterial 
concentration (TPC) increased sharply from day 
1 to day 2, then decreased and maintained low 
levels from day 3 to day 7 before slightly increasing 
again towards the end of the 10-day culture period 
(day 8 and day 9 in rearing water and crab larvae 
respectively). PVC in rearing water (Figure 2-A) also 
fluctuated and the trend was like TPC results, but this 
time the peak densities were at day 1 and day 6. In 
the larvae, PVC (Figure 2-B) remained low from day 0 
to day 5, then began increasing from day 6 up to day 
9 but slightly decreased at day 10. The TPC and PVC 
in the natural feeds are presented in Table 1. Among 
the natural feeds Artemia had the highest bacterial 
load and Vibrio count, followed by rotifers and green 
algae.
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Figure 1. Mean (±SE, n=4) bacterial load (TPC) in (A) rearing water and (B) crab larvae during the 
10-day culture of S. serrata larvae in static tanks. Significant differences between days of culture 
are shown (p<0.01=highly significant; p<0.05=significant; p>0.0 =not significant)

 

 

 

Figure 2. Mean (±SE, n=4) presumptive Vibrio counts (PVC) in (A) rearing water and (B) crab 
larvae during the 10-day culture of S. serrata larvae in static tanks. Significant differences between 
days are shown (p<0.01=highly significant; p<0.05=significant;  p>0.05=not significant).
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Table 1. Mean (±SE, n=3) total plate count (TPC) of bacteria and presumptive Vibrio count (PVC) 
of natural food used in larval rearing of S. serrata.

Isolation and Identification of Vibrio Species

A total of 20 bacterial colonies were isolated from 
NA+ and TCBS during the 10-day culture of S.serrata 
larvae (Table 2). Three unique bacterial colonies from 
the TCBS agar and one luminous colony from the NA+ 

were noted: labelled as NC1 (spread on NA+, green 
colony on TCBS, entire margin, convex elevation); 
labelled as HPa (spread on NA+, yellow colony on 
TCBS, entire margin, convex elevation); labelled 
as LD1 (yellow colony on TCBS, entire margin, flat 
elevation); and labelled as LUM (luminous in NA+, 
green colony on TCBS agar, entire margin, convex 
elevation). All four isolates were Gram-negative, 
comma-shaped and oxidase-positive bacteria. 
Based on their morphological and biochemical 
characteristics, isolates NC1, HPa, LD1 and LUM 

were presumptively identified as Vibrio proteolyticus, 
V. alginolyticus, V. tubiashii and V. campbellii 
respectively (Table 3). 

Comparison of the results of the partial 16S rRNA 
sequence of the isolates with sequences of organisms 
obtained in the gene bank using the NCBI BLAST 
showed highest similarity of NC1, HPa, LD1 and 
LUM to Vibrio proteolyticus NR 113610.1 (98.98%), 
V. alginolyticus NR122060.1 (99.69%), V. tubiashii 
NR 113791.1 (99.26%) and V. campbellii NR 11382.1 
(99.05%) respectively, confirming the presumptive 
identification. The constructed phylogenetic trees of 
the identified Vibrio species further confirmed the 
result of the BLAST homology searches since they 
were the closest species related to the bacterial 
isolates (Figure 3).

Natural Food TPC (CFU mL-1) PVC (CFU mL-1) 

Green algae (Nannochloropsis sp.) 5.1x104 ±1.7x102 a 4.5x101 ±0.3x101 a 

Rotifer (Brachionus sp.) 2.5x105 ±8.8x103 b 2.2x104 ±1.5x103 b 

Brine shrimp (Artemia sp.) nauplii 2.5x107 ±3.2x106 c 2.1x106 ±1.5x105 c 

        
               Note: Columns with different superscript letter are significantly different (P<0.05). 

 

Natural Food TPC (CFU mL-1) PVC (CFU mL-1) 

Green algae (Nannochloropsis sp.) 5.1x104 ±1.7x102 a 4.5x101 ±0.3x101 a 

Rotifer (Brachionus sp.) 2.5x105 ±8.8x103 b 2.2x104 ±1.5x103 b 

Brine shrimp (Artemia sp.) nauplii 2.5x107 ±3.2x106 c 2.1x106 ±1.5x105 c 

        
               Note: Columns with different superscript letter are significantly different (P<0.05). 

 

 
  Colony in TCBS  Colony in NA+ Color in Vibrio 

Chromogenic 
Agar 

  

Isolate  
Color 

 
Margin 

 
Elevation 

 
Luminescence 

 
Swarming 

Gram 
Stain 

Code 

1 Green Entire Convex Positive Negative Brown Negative LUM 
2 Green Entire Convex Positive Positive White Negative NC1 
3 Yellow Entire Convex Negative Positive White Negative HPa 
4 Yellow Entire Flat Negative Negative White Negative LD1 
5 Yellow Entire Flat Negative Negative White Negative LD1 
6 Green Entire Convex Negative Positive White Negative NC1 
7 Yellow Entire Convex Negative Positive White Negative HPa 
8 Green Entire Convex Positive Negative Brown Negative LUM 
9 Green Entire Convex Negative Positive White Negative NC1 
10 Green Entire Convex Negative Positive White Negative NC1 
11 Yellow Entire Flat Negative Negative White Negative LD1 
12 Green Entire Convex Negative Positive White Negative NC1 
13 Yellow Entire Convex Negative Positive White Negative HPa 
14 Yellow Entire Convex Negative Positive White Negative HPa 
15 Green Entire Convex Negative Positive White Negative NC1 
16 Green Entire Convex Positive Negative Brown Negative LUM 
17 Yellow Entire Convex Negative Positive White Negative HPa 
18 Yellow Entire Flat Negative Negative White Negative LD1 
19 Yellow Entire Convex Negative Positive White Negative HPa 
20 Green Entire Convex Negative Positive White Negative NC1 

 
 

 

Table 2. Bacterial colonies isolated during the 10-day larval culture of S. serrata 
  Colony in TCBS  Colony in NA+ Color in Vibrio 

Chromogenic 
Agar 

  

Isolate  
Color 

 
Margin 

 
Elevation 

 
Luminescence 

 
Swarming 

Gram 
Stain 

Code 

1 Green Entire Convex Positive Negative Brown Negative LUM 
2 Green Entire Convex Positive Positive White Negative NC1 
3 Yellow Entire Convex Negative Positive White Negative HPa 
4 Yellow Entire Flat Negative Negative White Negative LD1 
5 Yellow Entire Flat Negative Negative White Negative LD1 
6 Green Entire Convex Negative Positive White Negative NC1 
7 Yellow Entire Convex Negative Positive White Negative HPa 
8 Green Entire Convex Positive Negative Brown Negative LUM 
9 Green Entire Convex Negative Positive White Negative NC1 
10 Green Entire Convex Negative Positive White Negative NC1 
11 Yellow Entire Flat Negative Negative White Negative LD1 
12 Green Entire Convex Negative Positive White Negative NC1 
13 Yellow Entire Convex Negative Positive White Negative HPa 
14 Yellow Entire Convex Negative Positive White Negative HPa 
15 Green Entire Convex Negative Positive White Negative NC1 
16 Green Entire Convex Positive Negative Brown Negative LUM 
17 Yellow Entire Convex Negative Positive White Negative HPa 
18 Yellow Entire Flat Negative Negative White Negative LD1 
19 Yellow Entire Convex Negative Positive White Negative HPa 
20 Green Entire Convex Negative Positive White Negative NC1 
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  Colony in TCBS  Colony in NA+ Color in Vibrio 

Chromogenic 
Agar 

  

Isolate  
Color 

 
Margin 

 
Elevation 

 
Luminescence 

 
Swarming 

Gram 
Stain 

Code 

1 Green Entire Convex Positive Negative Brown Negative LUM 
2 Green Entire Convex Positive Positive White Negative NC1 
3 Yellow Entire Convex Negative Positive White Negative HPa 
4 Yellow Entire Flat Negative Negative White Negative LD1 
5 Yellow Entire Flat Negative Negative White Negative LD1 
6 Green Entire Convex Negative Positive White Negative NC1 
7 Yellow Entire Convex Negative Positive White Negative HPa 
8 Green Entire Convex Positive Negative Brown Negative LUM 
9 Green Entire Convex Negative Positive White Negative NC1 
10 Green Entire Convex Negative Positive White Negative NC1 
11 Yellow Entire Flat Negative Negative White Negative LD1 
12 Green Entire Convex Negative Positive White Negative NC1 
13 Yellow Entire Convex Negative Positive White Negative HPa 
14 Yellow Entire Convex Negative Positive White Negative HPa 
15 Green Entire Convex Negative Positive White Negative NC1 
16 Green Entire Convex Positive Negative Brown Negative LUM 
17 Yellow Entire Convex Negative Positive White Negative HPa 
18 Yellow Entire Flat Negative Negative White Negative LD1 
19 Yellow Entire Convex Negative Positive White Negative HPa 
20 Green Entire Convex Negative Positive White Negative NC1 

 
 

 

Table 2 continued

Tests LUM NC1 HPa LD1

Color on TCBS G G Y Y
Luminescence + - - -
Swarming on NA+ - + + -
Color on Chrome Agar B W W W
Gram Stain - - - -
Cell form cs cs cs cs

Growth on Temp.

40C - - - -
280C + + + +

Growth on NaCl
0 ppt - - - -
3 ppt + + + +
6 ppt + + + +
8 ppt + + + -
10 ppt + + + -

Catalase + + + -
Oxidase + + + +
Decarboxylase Tests

Arginine - - - -
Lysine + + + +
Ornithine - - - -

Carbon Utilization
Arabinose + - + -

Glucose + + + +
Glucose (Gas) - - - -
Sucrose - - + +
Inositol + + + -
Mannitol + - + -

Citrate Reduction + + + +
Nitrate Reduction + + + +
Gelatin Hydrolysis + + + -

Table 3. Phenotypic and biochemical tests result of the different Vibrio species isolated from 
S. serrata larval culture during the 10-day rearing.
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Table 3 continued

OF Test F F F F
Open Tube Y Y Y Y
Close Tube Y Y Y Y
Methyl Red + + - +
Voge's Proskaeur - - - -
Indole + + + +
Resistance to Ampicilin R I R I
Identification V. campbellii V. proteolyticus V. alginolyticus V. tubiashii 

Notes: G-green colony, Y-yellow colony, cs-comma-shaped, F-fermentative, Y-yellow color,  R-resistant, I-intermediate, 
B-brown, W-white, OF-Oxidative/Fermentative

 
 
 

 
 
 

 
 
 

Figure 3. Phylogenetic tree of bacterial isolates (A) LUM, (B) NC1, (C) HPa and (D) LD1 from S. serrata larval culture, constructed using 
neighbor-joining method.
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Antibiotic sensitivity test

The zones of inhibition of the different antibiotics 
tested on the four dominant Vibrio species and 
their corresponding interpretation of results are 
presented in Table 4. All four species (V. campbellii, 
V. proteolyticus, V. alginolyticus and V. tubiashii) were 
susceptible to tetracycline and oxolinic acid. Results 
further showed that V. campbellii was resistant to 
most of the tested antibiotics while V. alginolyticus 
and V. tubiashii were susceptible to most. 

The diameter of inhibition of the different 
concentrations of OTC used against four Vibrio species 
are presented in Table 5. The zones of inhibition of 

the Vibrio species generally increased with increasing 
OTC concentration, however in some species, the 
diameters of inhibition did not vary (p>0.05) between 
the resistant and the intermediate as well as between 
the intermediate and the susceptible. Among the four 
species, V. proteolyticus was the most resistant as it 
was susceptible only at 50 mg L-1.The second most 
resistant was V. alginolyticus, as it was susceptible to 
at least 40 mg L-1. The third in the rank based on OTC 
resistance was V. campbellii, which was susceptible 
only to at least 30 mg L-1. The least resistant to OTC 
was V. tubiashii as it was already susceptible to 10 
mg L-1.

  
 

V. campbellii V. proteolyticus V. alginolyticus V. tubiashii Interpretation of Zone 
of Inhibition (mm)* 

                                                                                                                                                                                                                                 Antibiotics (µg)        
 Diameter 

(mm) 
Interpre- 
tation 

Diameter 
(mm) 

Interpre- 
tation 

Diameter 
(mm) 

Interpre- 
tation 

Diameter 
(mm) 

Interpre- 
tation S I R 

 
Tetracycline (30) 

 
21.3 ±.3 

 
S 

 
21 ±.3 

 
S 

 
24.5 ±.3 

 
S 

 
24.2 ±.2 

 
S 

 
≥19 

 
15-18 

 
≤14 

Amoxicillin (30) 0 ±0 R 12.3 ±.3 R 22 ±0 S 13 ±0 R ≥18 14-17 ≤13 

Oxolinic Acid (2) 23.2 ±.2 S 24.8 ±.2 S 16 ±0 S 23.2 ±.2 S ≥11 - ≤11 

Trimethoprim (5) 13.3 ±.3 I 11.2 ±.2 I 18.2 ±.2 S 20.2 ±.2 S ≥16 11-15 ≤10 

Cefprozil (30) 11 ±0 R 0 ±0 R 17 ±0 I 15 ±0 I ≥18 15-17 ≤14 

Ampicillin (10) 0 ±0 R 15 ±0 S 0 ±0 R 15 ±0 S ≥15 12-14 ≤11 

Kanamycin (30) 10.2 ±2 R 16 ±.3 R 14.5 ±.3 I 14.2 ±.2 I ≥17 14-16 ≤13 

 
 

Table 4. Mean (±SE, n=3) zones of inhibition (mm) of the different antibiotics used against Vibrio species isolated from S. serrata 
larval culture during the 10-day rearing and interpretation of results.

  
V. campbellii V. proteolyticus V. alginolyticus V. tubiashii 

Oxytetracycline 
(mg L-1) 

 
 

Diameter 
(mm) 

 
 
Interpretation 

 
 

Diameter (mm) 

 
 
Interpretation 

 
 

Diameter (mm) 

 
 
Interpretation 

 
 

Diameter (mm) 

 

Interpretation 

10 13.7 ±.3a Resistant 13.3 ±.3a Resistant 15.2 ±.4a Intermediate 19.0 ±0a Susceptible 

20 17.0 ±.6ab Intermediate 15.7 ±1.2ab Intermediate 16.0 ±.6ab Intermediate 20.7 ±.3a Susceptible 

30 19.3 ±.9b Susceptible 16.3 ±1.2ab Intermediate 17.2 ±1.0ab Intermediate 25.0 ±.6b Susceptible 

40 19.3 ±.3b Susceptible 16.7 ±2.0ab Intermediate 19.0 ±.6b Susceptible 25.0 ±.6b Susceptible 

50 21.3 ±1.3b Susceptible 20.3 ±.9b Susceptible 23.0 ±1.2c Susceptible 28.3 ±0c Susceptible 

 
 
 

Table 5. Mean (±SE, n=3) diameter of inhibition (mm) of the different concentrations of OTC used against four Vibrio species 
isolated from S. serrata larval culture during the 10-day rearing and interpretation of results.

*Note: S – Susceptible; I – Intermediate; R – Resistant (CLSI 2015)

*Note: Columns with the same superscript are not significantly different (P>0.05); Interpretation of OTC inhibition diameters (CLSI 2015):  
Resistant ≤14mm; Intermediate = 15-18mm; Susceptible = ≥19mm  
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DISCUSSION

It is almost impossible to exclude bacteria from 
mangrove crab larval cultures. Once hatching has 
occurred, bacterial numbers begin to rise despite the 
high water exchange rates because of the hatching 
scum that serve as bacterial substrate and nutrient 
source (Mann et al. 1999). In addition, the natural 
food for mangrove crab rearing (i.e., rotifers, algae 
and Artemia) are also vectors for the introduction of 
pathogenic organisms into larval tanks (Genodepa 
et al. 2004). Although hazard control procedures to 
prevent or reduce bacterial loads during mangrove 
crab larval rearing (Blackshaw et al. 1999) are now 
part of the current rearing protocols, the chances that 
mangrove crab larvae will survive longer than four 
days remain slim unless antibiotics are used.

To ensure that the larvae in this study will survive 
until the end of the 10-day culture period, OTC was 
added to the larval tanks together with a high density 
of rotifers (40 to 60 mL-1) during larval stocking. The 
OTC was expected to reduce the bacterial load in 
the whole culture system, particularly in the newly 
hatched larvae and the rotifers which were known 
to carry pathogens. The use of high rotifer density 
was intended to avoid the need to add rotifers daily 
and consequently reduce the chances of introducing 
pathogenic organisms (Genodepa 2003). Despite 
such precautionary measures, bacteria were still 
ample in the rearing water and larvae during the 10-
day culture period. The application of OTC might 
have reduced the bacterial load during the first few 
days of culture, but the effectivity was likely limited 
by the concentration used and the degradation of the 
antibiotic (Samuelsen 1989). 

The increase in total bacteria (TPC) in both rearing 
water and larvae at the start of the rearing period may 
have been due to the proliferation of OTC resistant 
bacterial strains. Nevertheless, TPC levels dropped 
in the succeeding days, suggesting that the effect of 
OTC may not be immediate, and prolonged exposure 
to OTC is necessary to inhibit bacterial growth. This 
could be one of the reasons why the short-term (1-3 
h) treatment of rotifer and Artemia with OTC prior to 
feeding them to mangrove crab larvae was observed 
in this laboratory to be ineffective. The increase of 
PVC in the rearing water on day 1 can be attributed 
to the rotifers and green algae that were added into 
the tanks at day 0. The results presented in Table 1 
confirms the reports that natural food can carry high 
concentrations of Vibrio into rearing systems (Munro 

et al. 1994; Genodepa 2003). On the contrary, PVC 
level in the crab larvae was comparatively low during 
the first five days of larval culture. It is possible that 
the larvae were not immediately affected by the 
increase of Vibrio count in the water, as it took some 
time for Vibrio to build up in the larval gut because of 
the inhibitory effect of OTC. The increased density of 
Vibrio after day 5 may be linked to the introduction of 
Artemia nauplii which were reported to be carriers of 
Vibrio (Chen 1993; Torres and Partida 2001; Savas et 
al. 2005) and found in this study to have significantly 
higher TPC and PVC compared to green algae and 
rotifers (Table 1). It is possible that OTC has started 
to degrade and have limited inhibitory effect on Vibrio 
when Artemia was added into the larval tanks.

Finding dominant Vibrio species (V. campbellii, 
V. proteolyticus, V. alginolyticus, and V. tubiashii) in 
this study was not surprising because the presence 
of different Vibrio species in mangrove crab larval 
cultures were also encountered in other countries. 
In India, Parenrengi et al. (1993) reported the 
presence of V. harveyi, V. alginolyticus, and V. 
parahaemolyticus from mangrove crab zoea, while 
Sarjito et al. (2016) mentioned the presence of other 
species such as V. vulnificus, V. nereis, V. fischeri 
and V. fluvialis. In addition, Jithendran et al. (2010) 
reported that V. harveyi and V. campbellii were 
predominant in mangrove crabs infected with White 
Spot Syndrome Virus. In Vietnam, V. harveyi was 
also identified as major pathogen of mangrove crab 
larvae and juveniles in hatcheries (Sang 2016). In 
Australia, V. harveyi, V. alginolyticus, V. proteolyticus, 
V. tubiashii plus another one described only as Vibrio 
sp. were isolated from mangrove crab larval tanks/
rearing water (Akinbowale et al. 2006).

Various authors have reported the isolation of 
V. campbellii from farmed shrimps (Hameed 1995; 
George et al. 2006; Haldar et al. 2010; 2011; Wang 
et al. 2015) but some authors have misidentified V. 
campbellii as V. harveyi due to the high similarity 
among Vibrionaceae (Gomez-Gill et al. 2004; Haldar 
et al. 2010). Several authors have considered V. 
campbellii responsible for the disease known as 
Zoea II syndrome (Soto-Rodriguez et al. 2006b; 
Burge et al. 2009; Cuellar-Anjel et al. 2014; Kumar et 
al. 2017) as well as septic hepatopancreatic necrosis 
disease (Stern and Sonnenholzner 2014; Morales-
Covarrubias et al. 2018). While V. campbellii has 
been reported as non-pathogenic and non-luminous 
(de la Peña et al. 2001; Lin et al. 2010), there were 
also studies revealing that V. campbellii could cause 
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luminescent disease in shrimps (Gomez-Gil et al. 
2004; Phuoc et al. 2008; Wang et al. 2015). Results of 
this study support the findings that V. campbellii could 
be luminescent; the luminous Vibrio colony isolated in 
this study was ascertained to be V. campbellii based 
on both the biochemical analysis and 16s rRNA 
sequencing. 

There are many reports stating that V. alginolyticus 
could cause various diseases in crustaceans such 
as shrimps and lobsters (Handlinger et al. 1999; 
Jayaprakash 2006; Soto-Rodríguez et al. 2006a; 
Soto-Rodríguez et al. 2006b; Bourne et al. 2007; 
Goulden et al. 2012; Cuellar-Anjel et al. 2014; 
Stern and Sonnenholzner 2014; Kumar et al. 2017; 
Morales-Covarrubias et al. 2018; Radhakrishnan 
and Kizhakudan 2019). Mortality of mangrove crab 
larvae has also been associated with high incidence 
of V. alginolyticus (Shelley et al. 2008), however, 
some studies have revealed that V. alginolyticus is 
beneficial since it has a probiotic effect. The report 
of Vandenberghe et al. (1998) indicated that V. 
alginolyticus has an antagonistic effect on V. harveyi 
in the culture of Penaeus chinensis. Similarly, V. 
alginolyticus has been proven as probiotic against V. 
harveyi in mangrove crab larval culture by Liessmann 
(2005).

It is interesting to note that both V. proteolyticus 
and V. tubiashii were isolated in this study, as this 
is probably the first record of the isolation of these 
species of Vibrio from mangrove crab larvae in the 
Philippines. Both species were likewise isolated 
from the mangrove crab larval rearing tank/water 
in Australia, and so far, only this paper and that of 
Akinbowale et al. (2006) documented the presence 
of both V. proteolyticus and V. tubiashii in mangrove 
crab larval tanks. It was reported that V. proteolyticus 
is a common pathogen isolated from Macrobrachium 
rosenbergii (Jayaprakash et al. 2005) and Artemia 
spp. (Verschuere et al. 2000; Marques et al. 2006). 
Through proteomics, it was known that V. proteolyticus 
can cause actin cytoskeleton rearrangement, leading 
to cell death (Ray et al. 2016). Meanwhile, V. tubiashii 
was first isolated from both larvae and juveniles of 
bivalve mollusks (Tubiash et al.1965). Since then, 
several studies have reported the virulence of V. 
tubiashii on bivalves, particularly on oysters, scallops 
and clams (Hasegawa et al. 2008; Richards et al. 
2014; Prado et al. 2015, Rojas et al. 2016).

While antibiotics have been effective prophylactic 
agents in mangrove crab larval cultures (Shelley 

2004; Genodepa et al. 2004; Shelley et al. 2008; 
Azam and Narayan 2013; Thirunavukkarasu et al. 
2014; Pates et al. 2017), concern about potential 
outbreak of multidrug resistant microbial strains 
has been growing (Vignesh et al. 2011). Several 
authors have reported that Vibrio isolated from most 
crustaceans and finfishes, wild mangrove crab, 
shrimp farms, finfishes and crustaceans, as well as 
from aquaculture facilities revealed that the Vibrio 
genera were multidrug resistant (Akinbowale et al. 
2006; Aftabuddin et al. 2013; Arunagiri et al. 2013; 
Garcia-Aljaro et al. 2014; Heenatigala and Fernando 
2017). Similarly, this study showed that the isolated 
V. campbellii, V. proteolyticus and V. tubiashii were 
multidrug resistant while V. alginolyticus was only 
resistant to ampicillin. In addition, Akinbowale et al. 
(2006) reported that 75% of the 62 Vibrio species 
isolated from aquaculture facilities were resistant to 
at least one antibiotic. So far, Vibrio resistance was 
highest for amoxicillin (45%) followed by ampicillin 
(40%), while it was comparably low for tetracycline 
(5%) and there was no resistance to trimethoprim and 
oxolinic acid. Similarly, results of this study showed the 
Vibrio isolates’ resistance to ampicillin and amoxicillin 
and susceptibility to oxolinic acid, tetracycline and 
trimethoprim.

Among the three potential antibiotics to treat Vibrio 
infection in this study, OTC was considered for further 
investigation as it is widely approved for veterinary 
use, least expensive and easily available. According 
to Shelley and Lovatelli (2011) bacterial pathogens 
in mangrove crab larval rearing can be controlled by 
using 25-50 mg L-1 OTC, however, there were many 
instances wherein considerably good survival was 
attained even at lower OTC doses. An example is the 
report of Azam and Narayan (2013), where the use 
10 and 25 mg L-1 OTC in the mangrove crab larvae 
obtained 25% and 53% survival up to megalopa 
stage respectively, instead of the usual less than 
10%. While rearing success is dependent on many 
factors, Cruz-Lacierda et al. (2000) noted minimal 
success in treating vibriosis in shrimp hatcheries 
in the Philippines when lower OTC concentrations 
are used. Looking at Table 5, it is probably unsafe 
to consider the use of OTC concentration that 
resulted in intermediate susceptibility only, because 
of the lack of significant differences (p>0.05) in 
diameters of inhibition zones between the resistant 
and intermediate classifications, like in the case of V. 
campbellii and V. proteolyticus.



Jimenez, J. O. et al./ Phil. J. of Nat. Sci.  27: 1-15 (2022) 11

It was not surprising to find out that 50 mg L-1 

OTC was required to inhibit the in-vitro growth of the 
Vibrio species isolated in this study. Hameed and Rao 
(1994) reported that even at OTC concentration of 
150 mg L-1, the Vibrio density in seawater could only 
be reduced from 1012 cfu mL-1 to 103 cfu mL-1 after 24 h. 
Baticados et al. (1990) also reported that the minimum 
bactericidal concentration of OTC for luminous Vibrio 
species isolated from diseased P. monodon larvae 
was greater than 100 mg L-1. While it is almost 
impossible to prevent antibiotic resistance in Vibrio, it 
is vital to know which antibiotics and dosages will be 
effective. This study therefore reports the presence 
of four dominant species of Vibrio (V. campbellii, 
V. proteolyticus, V. alginolyticus, and V. tubiashii) 
isolated during early stages of mangrove crab 
larval culture, together with their characteristics and 
responses to antibiotics. Except for V. alginolyticus, 
the isolated Vibrio were all multidrug resistant but 
were susceptible to tetracycline, oxolinic acid and 
trimethoprim. Susceptibility trials suggest that OTC 
may potentially prevent or treat possible diseases in 
mangrove crab larvae caused by the four identified 
Vibrio species, but at least 50 mg L-1 is needed to 
inhibit all of them. The results of this study may 
help explain the possible reasons for the mortalities 
encountered in mangrove crab larval rearing and 
provide new insights for the improvement of rearing 
protocols, particularly on the use of antibiotics.

ACKNOWLEDGEMENT

The authors would like to thank Dr. Lacierda, Dr. 
Nuñal, Dr. Amar, and Prof. Sanares for their expertise 
and assistance on various aspects of this study. The 
main author acknowledges and would like to thank 
the Office of the Vice-Chancellor for Research and 
Extension, University of the Philippines Visayas and 
the Commission on Higher Education (CHED) K to 
12 Transition Program Scholarship for the financial 
assistance.

REFERENCES 

Aftabuddin S, Sikder M, Rahman M, Zafar M. 2013. 
Antibiotic resistance of Vibrio bacteria isolated 
from mud crab Scylla serrata of Chakoria Coast, 
Bangladesh. Res. J. Pharm., Biol. Chem. Sci. 
4(3): 325.

Akinbowale O, Peng H, Barton M. 2006. Antimicrobial 
resistance in bacteria isolated from aquaculture 
sources in Australia. J. Appl. Microbiol. 100(5): 
1103–1113.

Alsina M, Blanch A. 1994. A set of keys for biochemical 
identification of environmental Vibrio species. J. 
Appl. Microbiol. 76(1): 79-85.

Amar E, Somera M, Madero S, Alapide-Tendencia E, 
Faisan Jr J. 2017. Strategies to reduce disease 
incidence in mud crab culture. In: Quinitio ET, 
Parado-Estepa FD, and Coloso RM, editors.1st 
National Mud Crab Congress, 16-18 November 
2015, Iloilo City, Philippines.Tigbauan, Iloilo, 
Philippines: Aquaculture Department, Southeast 
Asian Fisheries Development Center. p.154.

Arunagiri K, Jayashree K, Sivakumar T. 2013. Isolation 
and identification of Vibrios from marine food 
resources. Int. J. Curr. Microbiol. Appl. Sci. 2(7): 
217-232.

Azam K, Narayan P. 2013. Safe usage of antibiotic 
(Oxytetracycline) in larval rearing of mud crab, 
Scylla serrata (Forsskål, 1775) in Fiji. World J. 
Fish Marine Sci. S 5(2): 209-213.

Baticados M, Lavilla-Pitogo C, Cruz-Lacierda E, de la 
Pena L, Suñaz N. 1990. Studies on the chemical 
control of luminous bacteria Vibrio harveyi and 
V. splendidus isolated from diseased Penaeus 
monodon larvae and rearing water. Dis. Aquat. 
Org. 9:133-139.

Bauer A, Kirby W, Sherris J, Tuck M. 1966. Antibiotic 
susceptibility testing by a standardized single disk 
method. Am. J. Clin. Pathol. 45:493-496.

Blackshaw A, Mann D, Keenan CP.1999. Quality 
control using hazard analysis principles for mud 
crab culture. In: Keenan CP and Blackshaw 
A, editors. Mud crab Aquaculture and Biology. 
Proceedings of an international scientific forum 
held in Darwin, Australia, 21-24 April 1997. ACIAR 
Proceedings No. 78. pp 169-173.



Jimenez, J. O. et al./ Phil. J. of Nat. Sci.  27: 1-15 (2022)12

Bourne D, Hoj L, Webster N, Payne M, Skindersoe M, 
Givskov M, Hall M. 2007. Microbiological aspects 
of phyllosoma rearing of the ornate rock lobster 
Panulirus ornatus. Aquac. 268 (1–4): 274-287.

Burge E, Burnett L and Burnett K. 2009. Time-course 
analysis of peroxinectin mRNA in the shrimp 
Litopenaeus vannamei after challenge with Vibrio 
campbellii. Fish Shellfish Immunol. 27(1): 603-
609.

Chen HC. 1993. Studies on the successful culture of 
grass shrimp, Penaeus monodon. COA Fisheries 
Series No. 31, Council of Agriculture, Republic of 
China. 84 pp.

Cholik F. 1999. Review of mud crab culture research 
in Indonesia In: Keenan CP and Blackshaw 
A, editors. Mud crab Aquaculture and Biology. 
Proceedings of an international scientific forum 
held in Darwin, Australia, 21-24 April 1997. ACIAR 
Proceedings No. 78. pp. 14-20.

CLSI (Clinical Laboratory Standards Institute). 
2015. Performance Standards for Antimicrobial 
Susceptibility Testing: Twenty-Fifth Information 
Supplement; M100-S25. Clinical and Laboratory 
Standards Institute: NCCLS, Wayne, PA, 
USA;[cited 2018 January Available from: https://
file.qums.ac.ir/repository/mmrc/CLSI2015.pdf

Cruz-Lacierda ER, De la Peña LC, Lumanlan-Mayo 
SC. 2000. The use of chemicals in aquaculture in 
the Philippines. In: Arthur JR, Lavilla-Pitogo CR, 
Subasinghe RP (Eds). Proceedings of the Meeting 
on the Use of Chemicals in Aquaculture in Asia; 
20-22 May 1996, Tigbauan, Iloilo, Philippines. 
155- 184 pp.

Cuellar-Anjel J, Corteel M, Galli L, Alday-Sanz V, 
Hasson KW. 2014. Principal shrimp infectious 
diseases, diagnosis, and management. In: Alday-
Sanz V, editor. The Shrimp Book, United Kingdom: 
Nottingham University Press. pp. 517-622. 

de la Peña LC, Lavilla-Pitogo CR, Paner MG. 2001. 
Luminescent vibrios associated with mortality in 
pond-cultured shrimp Penaeus monodon in the 
Philippines: species composition. Fish. Pathol. 
36:133–138. 

Epoke J, Igumbor EO, Tichawowona C. 2003. Locally 
prepared antibiotic discs: a substitute for imported 
commercial discs. Global Journal of Pure and 
Applied Sciences. 9(4): 453-456. 

Garcia-Aljaro C, Riera-Heredia J, Blanch A. 2014. 
Antimicrobial resistance and presence of the 
STC mobile element in Vibrio spp. isolated from 
aquaculture facilities. New Microbiol. 37(1): 339-
346.

Genodepa, J.G., 2003. Development of an artificial 
diet for larvae of the mud crab, Scylla serrata. MSc 
thesis, School of Marine Biology and Aquaculture, 
James Cook University,Townsville, Australia. 110 
pp.

Genodepa J, Southgate P, Zeng C. 2004. Diet particle 
size preference and optimal ration for mud crab, 
Scylla serrata, larvae fed microbound diets. 
Aquac.230:493-505.

George M, Maharajan A, John K, Jeyaseelan MJ. 
2006. Shrimps survive white spot syndrome virus 
challenge following treatment with Vibrio bacterin. 
Indian J. Exp. Biol. 44(1): 63-67.

Gomez-Gil B, Soto-Rodriguez S, Garcia-Gasca A, 
Roque A, Vazquez-Juarez R, Thompson FL, 
Swings J. 2004. Molecular identification of Vibrio 
harveyi related isolates associated with diseased 
aquatic organisms. Microbiology 150: 1769–1777.

Goulden E, Hall M, Bourne D, Pereg L, Hoj L. 2012. 
Pathogenicity and infection cycle of Vibrio owensii 
in larviculture of the ornate spiny lobster (Panulirus 
ornatus). Appl. Environ. Microbiol., 78(8): 2841-
2849

Haldar S, Neogi SB, Kogure K, Chatterjee S, 
Chowdhury N, Hinenoya A, Asukara M and 
Yamasaki S. 2010. Development of a haemolysin 
gene-based multiplex PCR for simultaneous 
detection of Vibrio campbellii, Vibrio harveyi and 
Vibrio parahaemolyticus. Lett. Appl. Microbiol. 
50(2): 146-152.

Haldar S, Chatterjee S, Sugimoto N, Das S, 
Chowdhury N, Hinenoya A, Asakura M, Yamasaki 
S. 2011. Identification of Vibrio campbellii isolated 
from diseased farmed-shrimps from south India 
and establishment of its pathogenic potential in 
Artemia model. Microbiology 157(1):179-188.

Hameed A. 1995. Susceptibility of three Penaeus 
species to a Vibrio campbellii-like Bacterium. J. 
World Aquacult. Soc. 26 (3): 315–318.

Hameed AS, Rao PV. 1994. Studies on the chemical control 
of a Vibrio campbellii-like bacterium affecting hatchery-
reared Penaeus indicus larvae. Aquac. 127(1): 1-9.



Jimenez, J. O. et al./ Phil. J. of Nat. Sci.  27: 1-15 (2022) 13

Handlinger J, Carson J, Ritar AJ, Crear BJ, Taylor DP, 
Johnston D. 1999. Disease conditions of cultured 
phyllosoma larvae and juveniles of the southern 
rock lobster (Jasus edwardsii, Decapoda; 
Palinuridae). In: Evans LH and Jones JB,editors. 
International Symposium on Lobster Health 
Management, 19-21 September 1999. Curtin 
University of Technology, Perth, Australia (1999), 
pp. 75-87

Hasegawa H, Lind E, Boin M, Hase C. 2008. The 
Extracellular Metalloprotease of Vibrio tubiashii 
Is a Major Virulence Factor for Pacific Oyster 
(Crassostrea gigas) Larvae. Appl. Environ. 
Microbiol. 4(13):4101-10.

Heenatigala P, Fernando M. 2017. Occurrence of 
bacteria species responsible for vibriosis in shrimp 
pond culture systems in Sri Lanka and assessment 
of a suitable control measures. Sri Lanka J. Aquat. 
Sci. 21(1):1-17.

Jayaprakash NS, Pai SS, Anas A, Preetha R, Philip R, 
Singh, IB. 2005. A marine bacterium, Micrococcus 
MCCB 104, antagonistic to vibrios in prawn larval 
rearing systems. Dis. Aquat. Org . 68(1), 39-45.

Jayaprakash NS, Pai SS, Philip R, Singh, ISB. 2006. 
Isolation of a pathogenic strain of Vibrio alginolyticus 
from necrotic larvae of Macrobrachium rosenbergii 
(de Man). J. Fish Dis. 29(3), 187–191.

Jithendran KP, Poornima M, Balsubramanian CP, 
Kulasekarapandian S. 2009. Diseases of mud 
crabs in Brackishwater Aquaculture. India. Bull. 
Cent. Inst. No. 20: 28. 

Jithendran KP, Poornima M, Balasubramanian CP, 
Kulasekarapandian S. 2010. Diseases of mud 
crabs (Scylla spp.): an overview. Indian J. Fish. 
57(3): 55-63.

Kumar TS, Vidya R, Kumar S, Alavandi SV, Vijayan KK. 
2017. Zoea-2 syndrome of Penaeus vannamei in 
shrimp hatcheries. Aquac. 479: 759-767

Lavilla-Pitogo CR, de la Peña LC. 2004. Diseases 
in eggs and larvae. In: Lavilla-Pitogo CR and 
de la Pena, LC. (Eds). Diseases in farmed mud 
crabs Scylla spp.: diagnosis, prevention, and 
control. Tigbauan, Iloilo, Philippines: SEAFDEC 
Aquaculture Department. pp. 11-36.

Liessmann L. 2005. Investigation into the mortalities 
of larval mud crabs, Scylla serrata and methods of 
control. Masters (Research) thesis, James Cook 

University. 139 p. [cited: January 2019]. Available 
from: http://eprints.jcu.edu.au/17553.

Lin BC, Wang Z, Malanoski AP, O'grady EA, Wimpee 
CF, Vuddhakul V, Alves Jr N, Thompson F, Gomez-
Gil B, Vora, G. 2010. Comparative genomic 
analyses identify the Vibrio harveyi genome 
sequenced strains BAA-1116 and HY01 as Vibrio 
campbellii. Environ. Microbiol. Rep. 2: 81–89.

Mann D, Asakawa T, Pizzutto M. 1999. Development 
of a hatchery system for larvae of the mud crab 
Scylla serrata at the Bribie Island Aquaculture 
Research Centre. In: Keenan CP and Blackshaw 
A. (Eds). Mud crab Aquaculture and Biology. 
Proceedings of an international scientific forum 
held in Darwin, Australia, 21-24 April 1997. ACIAR 
Proceedings No. 78. pp 153-158.

Marques A, Dhont J, Sorgeloos P, Bossier P. 2006. 
Immunostimulatory nature of β-glucans and 
baker's yeast in gnotobiotic Artemia challenge 
tests. Fish Shellfish Immunol. 20(5), 682- 692.

Mateus L, Costa L, Silva Y, Periera C, Cunha A, 
Almeida A 2014. Efficiency of phage cocktails in 
the inactivation of Vibrio in aquaculture. Aquac. 
242-425: 167-173 

Morales-Covarrubias MS, Cuellar-Anjel J, Varela-
Mejias A, Elizondo-Ovares C. 2018. Shrimp 
bacterial infections in Latin America: a review. 
Asian Fisheries Sci. 31: 76-87

Moyes R, Reynolds J, Breakwell P. 2009. Differential 
Staining of Bacteria: Gram Stain. Curr. Protoc. 
Microbiol. 15(1): A-3C

Munro PD, Barbour A, Birkbeck TH. 1994. Comparison 
of gut bacterial flora of start-feeding larval turbot 
under different conditions. J Appl Bacteriol 77: 
560–566.

Moyes R, Reynolds J, Breakwell P. 2009. Differential 
Staining of Bacteria: Gram Stain. Curr. Protoc. 
Microbiol. 15(1): A-3C

Parenrengi A, Zafran A, Boer DR, Rusdi I. 1993. 
Identification and pathogenicity of several vibrio 
bacteria in mangrove crab larvae, Scylla serrata. 
Coastal Aquaculture Research Journal. 9: 20-22.

Pates GS, Quinitio ET, Quinitio GF, Parado-Estepa 
FD. 2017. Morphological deformities in mud crab 
Scylla serrata juveniles exposed to antibiotics 
during the larval stage. Aquac. Res. 48(5): 2102-2112.



Jimenez, J. O. et al./ Phil. J. of Nat. Sci.  27: 1-15 (2022)14

Phuoc LH, Corteel M, Nauwynck HJ, Pensaert MB, 
Alday-Sanz V, Van den Broeck W, Sorgeloos 
P, Bossier P. 2008. Increased susceptibility of 
white spot syndrome virus-infected Litopenaeus 
vannamei to Vibrio campbellii. Environ. Microbiol. 
10: 2718–2727.

Prado S, Dubert J, Barja J. 2015. Characterization of 
pathogenic vibrios isolated from bivalve hatcheries 
in Galicia, NW Atlantic coast of Spain. Description 
of Vibrio tubiashii subsp. europaensis subsp. nov. 
Syst. Appl. Microbiol. 38(1). 26-29.

Radhakrishnan E, Kizhakudan J. 2019. Health 
Management in Lobster Aquaculture. In:

Radhakrishnan E, Phillips B, Achamveetil G. Eds. 
Lobsters: Biology, Fisheries, and Aquaculture, 
Singapore: Springer pp. 571-601.

Ray A, Kinch L, de Souza Santos M, Grishin N, Orth 
K, Salomon D. 2016. Proteomics Analysis Reveals 
Previously Uncharacterized Virulence Factors in 
Vibrio proteolyticus. mBio [Internet]. [cited 2022 
March 12]; 7(4): e01077-16. Available from https://
journals.asm.org/journal/mbio

Regidor SE. 2000. Status of aquaculture component of 
the Philippine national action plan on antimicrobial 
resistance. Asian Fish Sci.33:97-106.

Richards G, Watson M, Needleman D, Church K, 
Hase C. 2014. Mortalities of Eastern and Pacific 
Oyster Larvae Caused by the Pathogens Vibrio 
coralliilyticus and Vibrio tubiashii. Appl. Environ. 
Microbiol. 81(1):292-7.

Rojas R, Miranda CD, Santander J and Romero J. 2016. 
First Report of Vibrio tubiashii associated with a 
massive larval mortality event in a commercial 
hatchery of scallop Argopecten purpuratus in 
Chile. Front. Microbiol. 7:1473.

Samuelsen O. 1989. Degradation of oxytetracycline in 
seawater at two different temperatures and light 
intensities, and the persistence of oxytetracycline 
in the sediment from a fish farm. Aquac. 83:7-16.

Sang VV. 2016. Study on pathogen of luminous 
disease Vibrio harveyi on larvae and juvenile of 
mud crab (Scylla serrata) in hatchery. Vietnam J. 
Mar. Sci. Technol. [cited 2022 March 12];16 (2): 
214-219. Available from: http://vjs.ac.vn/index.
php/jmst/article/view/ 8456.

Sarjito, Haditoma AHC, Desrina, Ferinandika FB, 
Setyaningsih L, Prayitno SB. 2016. Ectoparasites 
and vibrios associated with fattening cultured 
mud crabs, Scylla serrata (Forsskal, 1775) from 
Pemalang Coast, Indonesia. Jurnal Technologi 
[Internet]. [Cited 2018 Feb 12]; 78(4-2): 207-214. 
Available from: www.jurnalteknologi.utm.my  

Savas S, Kubilay A, Basmaz N. 2005. Effects of 
bacterial load in feeds on intestinal microflora of 
sea bream (Sparus aurata) larvae and juveniles. 
Israeli Journal of Aquaculture-Bamidgeh. 57(1): 
3-9.

Shelley C. 2004. Development of Commercial 
Production Systems for Mud Crab Aquaculture 
in Australia: Part 1 Hatchery and Nursery. In: 
Geoff Allan and Don Fielder, editors. Mud crab 
aquaculture in Australia and Southeast Asia 
ACIAR Working Paper No. 54. pp.34-35.

Shelley C, Williams G, Ruscoe I, Paterson B and Mann 
D. 2008. Development of commercial production 
systems for mud crab (Scylla serrata) aquaculture 
in Australia: Hatchery and Nursery. FRDC Final 
Report, FRDC Project No. 2000/210. 220 p. Shelley 
C, Lovatelli A. 2011. Mud crab aquaculture – A 
practical manual. FAO Fisheries and Aquaculture 
Technical Paper 567. Rome, Italy. 78 p. 

Somga SS, Somga JR, Regidor SE. 2012. Use of 
veterinary medicines in Philippine aquaculture: 
current status. In: Bondad-Reantaso MG, Arthur, 
JR, Subashinge RP, editors. In: Improving 
biosecurity through prudent and responsible use 
of veterinary medicines in aquatic food production. 
FAO Fisheries and Technical Paper No. 547. 
Rome, FAO. Pp.69-82.

Soto-Rodriguez S, Simoes N, Roque A, Gomez-
Gil B. 2006a. Pathogenicity and colonization of 
Litopenaeus vannamei larvae by luminescent 
vibrios. Aquac. 258(1–4): 109-115.

Soto-Rodriguez S, Armenta M, Gomez-Gil B. 2006b. 
Effects of enrofloxacin and florfenicol on survival 
and bacterial population in an experimental 
infection with luminescent Vibrio campbellii in 
shrimp larvae of Litopenaeus vannamei. Aquac. 
255 (1–4) (2006): 48-54.

Stern S, Sonnenholzner S. 2014. Semi-intensive shrimp 
culture: the history of shrimp farming in Ecuador. 
In: Alday- Sanz V, editor. The Shrimp Book, United 
Kingdom: Nottingham University Press. pp. 207-232.



Jimenez, J. O. et al./ Phil. J. of Nat. Sci.  27: 1-15 (2022) 15

Subasinghe RP, Barg U and Tacon A. 2000. Chemicals 
in Asian aquaculture: Need, usage, issues and 
challenges. In: Arthur JR, Lavilla-Pitogo CR and 
Subashinghe RP, editors Meeting of the Use of 
Chemicals in Aquaculture in Asia 20-22 May 1996, 
Tigbauan, Iloilo, Philippines. pp. 1-5

Talib A, Onn KK, Yahya K, Chowdhury A, Wan O, Wan 
M and Din W. 2013. The Potential Use of Probiotics 
for Sustainable Mud Crab, Scylla sp. In: Muchlisin 
ZA, Darmawi and Supardan D, editors. The 3rd 
AIC & the 2nd ICMR Unsyiah 2013 conference, 
at Acheh, Syiah Kuala University, Indonesia. 3(1).

Tendencia E. 2004. Disk diffusion method. In: 
Tendencia E, editor. Laboratory manual of 
standardized method of antimicrobial sensitivity 
tests for bacteria isolated from aquatic animals 
and environment. Tigbauan, Iloilo, Philippines: 
Aquaculture Department, Southeast Asian 
Fisheries Development Center. pp. 13-29. 

Thirunavukkarasu N, Sheeba Anitha Nesakumari C, 
Shanmugam A. 2014. Larval rearing and seed 
production of mud crab Scylla tranquebarica 
(Fabricius, 1798). Int. J. Fish. Aquat. Stud. 2(2):19-
25.

Torres LM, Partida LM. 2001. Bacteria isolated on 
TCBS media associated with hatched Artemia 
cysts of commercial brands. Aquac. 194: 11-20.

Tubiash HS, Chanley PE, Leifson E. 1965. Bacillary 
necrosis, a disease of larval and juvenile bivalve 
mollusks. Etiology and epizootiology. J. Bacteriol. 
90: 1036–1044. 

Vandenberghe J, Li Y, Verdonck L, Li J, Sorgeloos 
P, Xu HS, Swings J. 1998. Vibrios associated 
with Penaeus chinensis (Crustacea: Decapoda) 
larvae in Chinese shrimp hatcheries. Appl Environ 
Microbiol. 169(1-2): 0–132.

Verschuere L, Heang H, Criel G, Sorgeloos P, 
Verstraete W. 2000. Selected Bacterial Strains 
Protect Artemia spp. from the Pathogenic Effects 
of Vibrio proteolyticus CW8T2. Appl. Environ. 
Microbiol. 66(3): 1139–1146.

Vignesh R, Karthikeyan BS, Periyasamy N, Devanathan 
K. 2011. Antibiotics in aquaculture: An overview. 
South Asian J Exp Biol 1(3): 114-120.

Wang LP, Chen YW, Huang H, Huang ZB, Chen H, 
Shao ZZ.2015. Isolation and identification of Vibrio 
campbellii as a bacterial pathogen for luminous 
vibriosis of Litopenaeus vannamei. Aquac. Res. 
46: 395–404

Date received:  April 25, 2022                                      Date accepted: August 9, 2022

Authors: 

Jessie O. Jimenez, Insitute of Aquaculture, College of Fisheries and Ocean Sciences, University of the Philippines Visayas, Miagao 
(5023), Iloilo; Surigao State College of Technology-Malimono Campus, Surigao del Norte; email: jessieojimenez@gmail.com 

Jerome G. Genodepa, Insitute of Aquaculture, College of Fisheries and Ocean Sciences, University of the  Philippines Visayas, 
Miagao (5023); email: jggenodepa@up.edu.ph

Rowena E. Cadiz, Insitute of Aquaculture, College of Fisheries and Ocean Sciences, University of the  Philippines Visayas, 
Miagao (5023); email: recadiz@up.edu.ph

Jean Rose H. Maquirang, Insitute of Aquaculture, College of Fisheries and Ocean Sciences, University of the  Philippines Visayas, 
Miagao (5023); Aklan State University-New Washington Campus, Aklan, Philippines; email: jeanrose.maquirang@gmail.com


