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Abstract
This study aimed to evaluate the application of synbiotic containing multispecies of pro-
biotics with different cell densities in white shrimp rearing against infectious myonecro-
sis virus (IMNV) and Vibrio parahaemolyticus coinfection. This study used a completely 
randomized design with five treatments and three replications. One additional replica-
tion of each treatment was provided for the lethal sampling. Pacific white shrimp were 
fed with three dosages of synbiotic multispecies for 30 days, namely  103 CFU  mL−1 (Sin 
3),  106 CFU   mL−1 (Sin 6), and  109 CFU   mL−1 (Sin 9), and the controls without synbi-
otic administration consisted of the positive control (K +) and the negative control (K −). 
Pacific white shrimp from all treatments, except for the K − , were challenged with IMNV a 
dose of 100 µL and  106 CFU  mL−1 V. parahaemolyticus, injected intramuscularly. Infected 
Pacific white shrimp showed clinical signs like anorexia, melanosis, empty gut, colorless 
hepatopancreas, and white necrotic areas in striated skeletal muscles, especially of the dis-
tal abdominal segments and uropod. The results showed that administration of synbiotic for 
30 days resulted in higher immune parameters, such as total hemocyte count (THC), phe-
noloxidase activity (PO), respiratory bursts (RB), and total viable bacterial count (TBC) 
compared to K + /K − . After coinfection, they showed significantly higher levels for THC, 
PO, RB, gene expression prophenoloxidase (ProPO), and lipopolysaccharide and β-1.3-
glucan-binding protein (LGBP), better clinical signs, and lower mortalities. Sin 9 treatment 
significantly showed the highest survival rate (SR) compared to the other treatments.
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Introduction

Indonesia is one of the world’s largest shrimp exporters with an average export value 
from 2019 to 2021 of 54.3 thousand tonnes. Even during the COVID-19 pandemic, the 
value of Indonesian Pacific white shrimp exports still increased by 12% from 55.3 thou-
sand tonnes in 2020 to 62.1 thousand tonnes in 2021 (FAO 2021). Pacific white shrimp 
production cannot be achieved without the application of intensive or super-intensive 
shrimp farming technology with high density and feed inputs. However, the disease out-
breaks dominated by viral and bacterial infections are still one of the factors limiting the 
success of the shrimp culture.

Infectious myonecrosis virus (IMNV) is one of the viral diseases that can cause huge 
mortality and huge economic losses in shrimp culture. The target organ attacked by this 
virus is a skeletal muscle and can attack a variety of shrimp stadia. Pacific white shrimp 
infected with IMNV show clinical signs of necrosis, especially on the distal abdominal. 
IMNV was first reported in Brazil in 2002 and spread in Indonesia in 2006 (Senapin 
et al. 2007).

In addition to viral infections, Pacific white shrimp are also susceptible to vibriosis. 
Vibriosis is an infectious disease caused by vibrio bacteria and was among the most 
dominant disease agents. Vibrio is a natural organism that lives in salinity waters (Agu-
ilera-Rivera et al. 2019), so its connection to the environment and host is very important 
as a disease agent. Vibrio parahaemolyticus is one of the pathogens widely reported to 
infect Pacific white shrimp (Tran et al. 2013). Disease outbreaks in Pacific white shrimp 
farming activities are usually not only caused by one type of pathogen but can also occur 
due to the coinfection, infection of more than one type of pathogen (Pang et al. 2019).

The application of synbiotic is one of the alternatives in controlling disease out-
break on Pacific white shrimp farming. Yao et al. (2021) reported that synbiotic appli-
cations increase nonspecific immune response in Pacific white shrimp and are more 
effective than the use of probiotics and prebiotics separately (Hamsah et al. 2019). In 
addition, the availability and the application of multispecies probiotic (Yuhana, 2010) 
could improve the fish health status much better than the use of one type of probiotic 
(Wang et al. 2019). The number of study on efficacy of multispecies synbiotic applica-
tion against coinfectious disease in white shrimp is still limited. Therefore, our study 
aimed to evaluate the effect of adding multispecies synbiotic on feed to improving 
immune response, and resistance of Pacific white shrimp to IMNV and V. parahaemo-
lyticus coinfection.

Materials and methodology

Materials

The test materials in this study were shrimp, disease agents, and multispecies synbiotic. 
The shrimp used was a Pacific white shrimp (Litopenaeus vannamei) (10.4 ± 0.96 g) and 
obtained from the shrimp farmer in Kronjo, Tangerang. Infectious myonecrosis virus 
(IMNV) isolated from positive infected shrimp that obtained from Situbondo, East Java. The 
polymerase chain reaction (PCR) method was used for verification of IMNV using primers 
5′-CGA-CGC-TGC-TAA-CCA-TAC-AA-3′; 5′-ACT-CGG-CTG-TTC-GAT-CAA-GT-3′ 
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for 1st PCR and primers 5′-GGC-ACA-TGC-TCA-GAG-ACA-3′; 5′-AGC-GCT-GAG-
TCC-AGT-CTT-G-3′ for nested PCR (OIE, 2013).

Vibrio parahaemolyticus in this study was also used in previous study (Munaeni et al. 
2020). It was confirmed using API 20 NE system (BioMérieux, France) and sequencing 
method with accession number 7DDBGXP2013, and this V. parahaemolyticus was non 
AHPND type (negative pyrA/pyrB PCR amplification) by method of Dangtip et al. (2015). 
The multispecies synbiotic consisted of prebiotic mannan oligosaccharides (MOS) (Bio-
MOS Alltech Inc., KY USA) and probiotics was consisting of the bacterium Vibrio algi-
nolyticus (SKT-b), Bacillus cereus (BR2), and Pseudoalteromonas piscicida (1UB). All 
these bacterial probiotic strains were the Aquatic Organisms Health Laboratory’s collec-
tion, Department of Aquaculture, IPB University.

Methodology

Preparation of coinfection agent

IMNV was isolated from the muscle of Pacific white shrimp that have been cleaned from 
carapace then pulverize until smooth and dissolved with a PBS (Phosphate Buffered 
Saline) solution with a ratio of weight and volume of 1:10 (w/v) and then homogenized. 
Furthermore, the mixture was centralized at a speed of 6500 rpm and a temperature of 4 °C 
for 20 min. The supernatant was filtered with a filter size of 0.45 μm and diluted filtrate 
(Oktaviana et al. 2014).

V. parahaemolyticus was cultured in 25 mL of liquid seawater completes (SWC) media 
in water shakers at 28 °C for 18 h. The bacterial cell suspension was then centrifuged with 
5000 rpm for 10 min (Thermo Scientific). Total plate count (Bender et al. 2019) was per-
formed to determine the bacterial density. The cells were marked antibiotic rifampicin and 
diluted to reach a cell density of  106 CFU  mL−1.

Preparation of synbiotic

After harvesting probiotics, the bacterial cell suspension was diluted according to the treat-
ment doses of  109 CFU  mL−1,  106 CFU  mL−1, and  103 CFU  mL−1, respectively. Further-
more, the commercial feed (containing 40% protein) was mixed with 2% MOS and 2% 
multispecies probiotic with the top-dressing method (Oktaviana et al. 2014).

The rearing of experimental animals and feeding administration of multispecies 
synbiotic

The shrimp used was confirmed as free IMNV (OIE 2003) and free from V. parahaemolyti-
cus (Dangtip et al. 2015) shrimp using reverse-transcription quantitative PCR. The shrimp 
were divided into five groups and four replicates with 10 shrimp  container−1 (one replica-
tion was used to lethal sampling). The rearing container was aquaria sizing 60 × 30 × 30 
 cm3 and each was filled with 30 L sea water equipped with filtration and recirculating 
water systems (Munaeni et al. 2020). The rearing medium was sea water with a salinity of 
25 g  L−1.

The feeding multispecies synbiotic pellet was given five times a day, at 06:00 am, 
10:00 am, 02:00 pm, 06:00 pm, and 10:00 pm. Water quality monitoring was conducted 
3 days once with ranges during the rearing period were within a proper range for Pacific 
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white shrimp based on National Standard No. ref. 8008 (2014), temperatures were rang-
ing from 26.5 up to 28.5 °C, salinity ranges were between 26.0 and 28.0 g  L−1, dissolved 
oxygen level was 3.5‒6.3  mgL−1, and the total amonia nitrogen (TAN) value was less 
than 0.156  mgL−1.

The co‑infection challenge test of the Pacific white shrimp

The challenge test was conducted on day 30th after the shrimp were fed with multi-
species synbiotic. IMNV infection  (10−3) (SID 50) was performed by 100-µl intra-
muscular injection between the second and third segments and 100  μl bacterial 
infection of V. parahaemolyticus  (106  CFUmL−1) (SID 50) was performed by intra-
muscular injection 24 h after IMNV infection (Rubio-Castro et al. 2016).

The measurement of parameters

The immune responses of Pacific white shrimp

The parameters observed in the study were clinical sign, total hemocyte count (THC) 
(Blaxhall and Daisley 1973), respiratory burst (RB) (Song and Hsieh 1994), phe-
noloxydase (PO) (Liu and Chen 2004), and immune-related gene expression in the 
form of prophenoloxidase (ProPO), lipopolysaccharide, and β-1.3-glucan-binding pro-
teins (LGBP) (Zokaeifar et al. 2012a), as well as post-coinfection mortality and moni-
toring of intestinal bacterial cell populations using total plate count method (Madigan 
et al. 2019).

Data analysis

Data of THC, PO, RB, survival rate, and TBC of Pacific white shrimp were performed with 
variant analysis (ANOVA). If there were differences among treatments, those were further 
analyzed through Duncan’s test using SPSS version 22. Clinical sign data were analyzed 
descriptively.

Results

Clinical signs

The clinical signs showed on the control treatment (K +) and synbiotic treatment 
group of Pacific white shrimp showed the rate from low to severe infection with 
clinical signs in the form of anorexia, inactive movement, and in some parts of the 
body, there is a reddish-color, melanization, and necrosis. The rate of severe infec-
tion is at least showed by the Sin 9 treatment (Fig. 1) of 30%. The clinical signs that 
can be observed in severely infected Pacific white shrimp are abnormalities in the 
form of pink color or necrosis of distal abdominal as many as two or more segments 
(Fig. 2).
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Fig. 1  The level of infection indicated by the control treatment and the synbiotic treatment group in Pacific 
white shrimp after being co-infected with IMNV and V. parahaemolyticus on day 10 (n = 40)
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Fig. 2  The PCR result for the test Pacific white shrimp after coinfection. Shrimp samples showing clinical 
signs of white to pink necrosis on distal abdominal muscle. Lane 1: A IMNV Positif; Lane 2: Sin 3; Lane 3: 
Sin 6; Lane 4: Sin 9; Lane 5: (K −); Lane 6: Marker: Lane 7: NTC. The band at 314 bp for sample indicates 
a light IMNV infection according to the OIE, 2013
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Survival rate

Observations of Pacific white shrimp survival rates over 10 days showed that the highest 
survival rate value obtained by Sin 9 (70.00 ± 0.08%) is significantly different (p < 0.05) to 
those of other treatments (Fig. 3).

The immune response of Pacific white shrimp

The results of the immune response examination of THC, RB, and PO during maintenance 
are displayed sequentially in Figs. 4, 5, and 6 respectively. The Pacific white shrimp reared 
for 30  days with the application of a multispecies synbiotic on the day 30th showed an 
increase in THC, RB, and PO values compared to the controls. At the 3rd hour of examina-
tion after coinfection, Pacific white shrimp THC in the multispecies synbiotic treatment 
group was higher than the controls and significantly different (p < 0.05). THC began to 
decrease at 6th to 120th hours after coinfection. In addition, the timing of these obser-
vations, the control treatment, and multispecies synbiotic treatment group were no more 
noticeable, except for the Sin 9 treatment at the 6th and 24th hours.

RB activity increased on the day 30th and the multispecies synbiotic treatment group 
had higher RB activity and was significantly different from the control treatment (p < 0.05). 
After coinfection, RB activity decreased in all treatments but the treatment of the synbiotic 
group remained higher and more distinctly real (p < 0.05) than the controls.

The PO activity of Pacific white shrimp during maintenance is shown in Fig. 6. Prior 
to coinfection, control treatment and synbiotic groups showed no differences (p > 0.05). 
At the 3rd-hour PO activity check after the coinfection, the Sin 9 treatment was higher 
compared to Sin 6 and Sin 3. The multispecies synbiotic treatment group was significantly 
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Fig. 3  Survival rate of Pacific white shrimp on day 10 post-challenge with IMNV and V. parahaemolyticus 
coinfection. The values listed were the average value (n = 3) and the standard deviation. Different letters 
above the bar indicate significant difference (p < 0.05)
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different from the controls. In general, the PO value decreases at each examination until the 
end of sampling (120 h).

Immune‑related genes of Pacific white Pacific white shrimp

Feeding with synbiotic consortiums with different doses showed that rising expres-
sion of lipopolysaccharide and β-1.3-glucan-binding protein (LGBP) and gen proph-
enoloxidase (ProPO) expression differently. At the beginning and the end of main-
tenance (30-day modulation) before the coinfection, there was no increase in the 
expression of the LGBP gene among treatment (p > 0.05). The increase in LGBP 
was found at the 6th hour after treatment, and Sin 3 showed higher value (p < 0.05) 
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Fig. 4  Total hemocyte count of Pacific white shrimp on day 10 post-challenge with IMNV and V. para-
haemolyticus coinfection. The values listed were the average value (n = 3) and the standard deviation. Dif-
ferent letters above the bar indicate significant difference (p < 0.05)
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than the control and the multispecies treatment group (Fig.  7). In the Sin 9 treat-
ment, the expression of the gene increased at the 12th hour and the 24th hour and 
then the return decreased at the 48th hour and the 72nd hour. For the Sin 3 treat-
ment, although no different (p > 0.05), there was an increase in gene expression 
that begins on the 30th day before the coinfection and returns to decline at the next 
check after the coinfection.

ProPO gene expression began to show an increasing in the multispecies synbiotic 
treatment group 6 h after coinfection. The Sin 6 treatment showed the highest value 
(p < 0.05) compared to other treatments in the same hour (Fig. 8). At the 12th hour, 
the expression of the return gene decreased until the end of the examination at the 
72nd hour.
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The number of bacteria in the Pacific white shrimp’s intestines

The results of calculating the abundance of bacterial cells in the Pacific white shrimp intes-
tine including the total viable bacterial count (TBc) and the number of each of the bacteria 
multispecies SKT-b  RifR, 1UB  RifR, and BR2  CipR after 30 days of maintenance with sup-
plemented feed synbiotics multispecies with different doses could be seen in Fig. 9.

Discussion

Pacific white shrimp infected with IMNV and V. parahaemolyticus showed gross clinical 
signs (Fig.  2). The infection rate of shrimp was categorized as various, from low infec-
tion to severe infection (Fig. 1). In the Sin 9 treatment, it showed a lower infection rate 
than all treatments that were coinfected. Tang et al. (2019) reported clinical symptoms of 
shrimp infected with IMNV, namely necrosis in the distal abdominal muscle, and showed 
the reddish in color. Then, infection of bacteria V. parahaemolyticus in shrimp according 
to Ananda Raja et al. (2017) was characterized by lesions on carapace such as reddish tail 
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fins and melanization. Thitamadee et al. (2016) reported that shrimp infected with V. para-
haemolyticus bacteria show clinical sign, such as anorexia and colorless hepatopancreas, 
and the intestines look empty. The survival rate of shrimp was directly proportional to the 
dose of treatment given. Yao et al. (2021) reported that synbiotic administration increase 
the Pacific white shrimp resistance to pathogenic infections.

The immune responses of shrimp, THC, RB, and PO increased along with the supple-
mentation treatment of multispecies synbiotic in the feed. This is in line with the study of 
Huynh et al. (2018) that synbiotics were influential in increasing the immune response of 
shrimp. THC played an important role in the body of shrimp because it could initiate a host 
to respond to various kinds of infections. These results in THC values begin to decrease 
after coinfection (Fig. 4). Referred to research by Chiu et al. (2007), hemocyte cell phago-
cytosis response for incoming pathogens. RB is the process of destroying foreign particles 
by releasing degradative enzymes into phagosomes and the production of reactive oxygen 
intermediate (ROI) that is bactericidal. RB was produced by phagocyte cells that serve to 
fight pathogens that invade shrimp (Wang et al. 2013). The increase in RB value after being 
given synbiotic treatment is in line with Prabawati et al. (2022). The value of RB decreases 
after coinfection (Fig. 5) because THC also decreases due to the phagocytosis process of 
hemocyte cells against foreign object being reduced. In shrimp immune systems, PO acts 
as an identifier and effector component through communication between cells and elimi-
nating pathogens. PO was an enzyme in the proPO system that is closely related to THC 
activity (Amparyup et al. 2013). The decrease in PO value after coinfection is thought to 
be due to the decreased amount of THC. This indicates the activity of resistance of shrimp 
immune system by hemolymph to bacteria invading shrimp.

The expression of immune-related genes described by the ProPO and LGBP genes was 
known to be one of the keys in shrimp’s immune response in recognizing and respond-
ing to infection at the beginning of the invasion of the bacteria, and then activating the 
ProPO system (Cheng et al. 2005). LGBP was usually active in the first 24 h after infection 
(Zokaeifar et al. 2012). In this study, LGBP gene expression was also found at the same 
time as gene ProPO expression at the 6th hour after coinfection. This proves that the regu-
lation of LGBP gene expression and ProPO expression is interrelated.

Administration of multispecies synbiotic has increased the number of intestinal bacteria 
(total viable bacterial count) (Fig. 9). Daniels et al. (2013) described that the synbiotic with 
the mannan oligosaccharide and probiotic Bacillus sp. is able to increase the total num-
ber of bacteria in the gut of European lobster (Homarus gommarus) and improve growth 
performance.

Conclusion

The application of synbiotic consortiums was able to improve immune response, gene 
expression, growth performance, and abundance of gut bacteria as well as increase resist-
ance to IMNV and V parahaemolyticus coinfection with the best result in the administra-
tion of Sin 9 treatment.
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