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Abstract 
 

Shrimp farmers have reported mass mortality of white 
shrimp (Litopenaeus vannamei), reaching 2-3 kg/day in 
Gerongan Village, Kraton District, Pasuruan Regency in mid-
2021. Preliminary analysis suggests that mass mortality was 
caused by bacterial diseases. Thus, to find out the main path-
ogen causing the mass mortality, the present study investi-
gated microbial composition in rearing media of white shrimp 
(L. vannamei) infected by the white feces disease (WFD) and 
healthy white shrimp using next-generation sequencing (NGS) 
technology. The research was conducted by collecting normal 
water samples and infected shrimp pond water samples. The 
results of the NGS assay showed that Vibrio vulnificus was 
found dominant in WFD-infected shrimp pond water, there-
fore was suspected to be the main cause of WFD. 

 
 

INTRODUCTION 
White shrimp (Litopenaeus van-

namei) is an economically important 
shrimp in Indonesia and become one of 
the leading fishery commodities (Juarno, 
2012). The production of white shrimp 
continues to increase by 15.7% per year 
(2013–2017). It was recorded that in 
2020, Indonesia's total shrimp exports 
reached 881,559.16 tons (KKP, 2022). 
Based on these data, Indonesia become 
the 5th largest shrimp exporting country 
in the world (Annisa et al., 2022). Inten-
sive farming systems are widely applied by 
shrimp farmers. However, the implemen-
tation of intensive farming which is not ap-
propriate and wise can have negative im-
pacts, such as the emergence of disease. 

The disease can be caused by bacterial or 
viral infections (Arafani et al., 2016). 

White shrimp farmer in Gerongan 
Village, Kraton District, Pasuruan Regency 
in August 2021, reported mass mortality 
of white shrimp. Clinical symptoms began 
to appear when the shrimp entered the age 
of culture 22 days (DOC 22), with clinical 
signs including empty intestines, pale 
hepatopancreas, decrease in feed con-
sumption, and delayed growth. At day 23 
after post larvae (PL) stocking, a string of 
white feces floating on the water surface 
was accompanied by continuous shrimp 
mortality of approximately 2-3 kg per day. 
The survival rate value obtained is 30%. 
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Hamzah et al. (2019) stated that the 
common source of pathogens is aquacul-
ture water. Therefore, this study aims to 
determine the main pathogens that cause 
mass mortality and also microbial compo-
sition in rearing media infected with cer-
tain diseases and healthy ones. This study 
observed clinical symptoms in infected 
shrimp, as well as the profile of infected 
pond water through the composition of 
the microbes in it using next-generation 
sequencing (NGS) technology. The ad-
vantages of analyzing variance using NGS 
are the sensitivity of single molecules and 
also being able to detect rare and low-fre-
quency alleles even in very heterogeneous 
samples. The main principle of NGS is to 
identify all types of microbes that exist in 
a particular environment such as rearing 
media which are sources of pathogens 
(Nkili-Meyong et al., 2016). This allows 
researchers to compare the microbial com-
position of infected rearing media and 
those that are healthy. The results of this 
comparison will be able to detect the main 
pathogens that cause disease (Gu et al., 
2019). 
 
METHODOLOGY 
Place and Time 

The research was carried out for 6 
(six) months starting from August 2021-
February 2022. Water samples were ob-
tained from intensive shrimp ponds be-
longing to the Raja Vaname Group which 
are located in Gerongan Village, Kraton 
District, Pasuruan Regency, East Java 
Province. The process of DNA extraction 
from rearing water samples was carried 
out aseptically at the Microbiology Labor-
atory of the Department of Aquaculture, 
Faculty of Fisheries and Marine, Universi-
tas Airlangga Surabaya. DNA concentra-
tion test was carried out at the Biomolecu-
lar Laboratory of the Faculty of Veterinary 
Medicine, Airlangga University, Surabaya. 
The DNA sequencing process was carried 
out at Novogene AIT Genomics Singapore 
PTE LTD Singapore. 

 

Research Materials 
This study used several materials in-

cluding QIAamp DNA Mini Kit, absolute 
ethanol, ATL Buffer, Proteinase K, AW1 
Buffer, AW2 Buffer, AE Buffer, NanoDrop 
Spectrophotometer, Benchmark MC-12 
microcentrifuge, Rocker 300 vacuum 
pump, 0.22 µm millipore membrane filter, 
and 0.45 µm millipore filter membrane. 

 
Research Design 

This research is structured survey re-
search, with a sampling procedure using a 
purposive sampling method where the col-
lection process is following the require-
ments needed in the research. The sam-
ples used in this study were rearing me-
dium water from healthy intensive shrimp 
ponds and intensive ponds with WFD 
symptoms in Gerongan Village. The total 
samples used in this study were 2 samples. 
Parameters of the rearing medium’s water 
bacterial composition were analyzed using 
next-generation sequencing.  

 
Work Procedure 
Sampling 

Water samples were collected from 
Gerongan Village, Pasuruan Regency ac-
cording to a protocol of Amin (2018) with 
some modifications. In brief, the samples 
were taken from two ponds (a healthy 
pond and a WFD-infected pond). Water 
samples in each pond were collected from 
3 different sampling points (@60ml) and 
stored in 100 sterile bottles was previously 
filled with 90 ml of ethanol. The water 
samples were then transported within 8 
hours to the Microbiology Laboratory, Fac-
ulty of Fisheries and Marine, Universitas 
Airlangga.  

 
Bacterial DNA Extraction and Purifi-
cation 

Bacterial DNA from the water sam-
ples was extracted according to a protocol 
previously described by Amin et al. 
(2022). First, the water sample was fil-
tered using a vacuum pump. The filtered 
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rearing medium water sample (pond wa-
ter) was then extracted using the QIAamp 
DNA Mini Kit (Qiagen), according to the 
manufacturer's instructions. The concen-
tration and quality of the extracted DNA 
were measured using a DNA-RNA protein 
Quantification Spectrophotometer (MN-
913A MaestroNano Pro). Sterile micro-
tubes containing extracted DNA were then 
stored at -20 °C until further use. 
 
16S rRNA Gene Amplification 
 The 16S rRNA gene amplification 
step and microbial community analysis 
were carried out at the Novogene Biologi-
cal Information Technology Co. (Singa-
pore). The V3–V4 hypervariable region of 
the bacterial 16S rRNA gene was amplified 
using one set of coded fusion reverse pri-
mer and the same forward primers. The 
16S rRNA genes of the different 16S V3–
V4 regions were amplified using a pair of 
specific primers (515F: CCTAYGGGRBG-
CASCAG, and 806R: GGACTACNGGG-
TATCTAAT) with barcodes. PCR amplifi-
cation was performed according to the 
protocol of Amin et al. (2022). Then, the 
PCR products were adjusted to the same 
concentration and then sent to the Ge-
nome Sequencing Company (Novogene, 
China) for microbial analysis. Paired-end 
libraries were created with the NEBNext® 
UltraTM DNA Library Preparation Kit for 
Illumina and quantified via Qubit and Q-

PCR and further analyzed by Illumina 
HiSeq. 

 
Data Analysis 

The bacterial sequencing results that 
were obtained were analyzed using the 
UPARSE software (Gao et al., 2019). Se-
quences that have a similarity of ≥ 97% 
are designated as the same OUT. The tax-
onomic classification of each OTU repre-
sentative sequence was carried out using 
the MOTHUR program through the SILVA 
database with a confidence level of 97%. 
The approach used in this research is de-
scriptive qualitative. 

 
RESULTS AND DISCUSSION 
 When the rearing age entered 23 
days after the cultured period, one of the 
rearing ponds was attacked by disease 
with accompanying symptoms such as 
growth retardation, pale hepatopancreas, 
decreased appetite, and shrimps swim-
ming on the surface of the pond. An indi-
cation that the shrimp were infected by the 
disease, can also be seen from the contin-
uous mortality, with the number of deaths 
as much as 2-3 kg per day. The survival 
value obtained in this farming activity is 
only 30%. Based on the clinical symptoms 
that appear, the incidence of this death is 
associated with the presence of WFD infec-
tion, which is related to the conditions of 
maintaining water quality. 

 

 
Figure 1.   Intestine (a) and hepatopancreas of shrimp infected with WFD (b). 
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Figure 2.   Normal shrimp intestine (a) and hepatopancreas (b). 
 

WFD conditions also have an impact 
on the condition of the shrimp hepatopan-
creas, where the infected shrimp hepato-
pancreas has a pale color and is smaller in 
size than healthy shrimp. The hepatopan-
creas is the main organ for food absorp-
tion, transportation, and secretion of di-
gestive enzymes as well as lipid, glycogen, 
and some mineral deposition. Shrimp in-
fected with WFD get interference with 
hepatopancreatic epithelial tubular cells 
(hepatopancreatic tubular cell), so the 
main processes of absorption and diges-
tion will be disrupted. Disorders of the 
hepatopancreas disrupt nutrient absorp-
tion and delayed shrimp growth (Sumini 
and Kusdarwati, 2020). This condition 
causes a decrease in the ADG value. 

In addition to affecting the condition 
of the hepatopancreas, WFD symptoms 
can also be observed through the condi-
tion of the shrimp intestine. In healthy 

shrimp, the intestine looks full and has a 
brown color. This indicates that the 
shrimp absorbs the nutrients well. While 
the intestines of infected shrimp appear 
empty and white. This condition indicates 
that there is damage to the shrimp intes-
tine (Aldama-Cano et al., 2018) and a lack 
of food intake because the shrimp didn’t 
eat for a certain time. 
 
Water Profile of Pond Water 

Based on biometric analysis results, 
WFD-infected rearing media water sam-
ples were dominated by Bacteroidota 
(31.55%), followed by Cyanobacteria 
(22.73%) and Actinobacteria (4.24%). 
Meanwhile, the phylum that dominated 
the normal rearing water was Proteobac-
teria (97.991%), followed by Firmicutes 
(1.347%) and Cyanobacteria (0.451%) 
(Figure 3). 
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Figure 3. The composition of bacteria at the phylum level in white shrimp rearing media: 

(a) normal rearing media (healthy) and (b) WFD-infected rearing media. 
 

The Bacteroidota phylum that dom-
inates in WFD-infected rearing media wa-
ter is the dominant member of marine het-
erotrophic bacterioplankton and is often 
found scattered in macroscopic organic 
matter particles. Bacteroidota is gram-neg-
ative bacteria and does not have spores. 
Bacteroidota tends to be a major contribu-
tor to the formation of propionate in the 
gut. In addition, Bacteroidota is also the 
main producer of vitamin B12 in the intes-
tine (Zeng et al., 2017). 

Proteobacteria was the predominant 
phylum in normal water samples. The Pro-
teobacteria phylum belongs to gram-nega-
tive bacteria, which consist of aerobic and 
facultative bacteria. The abundance of 
Proteobacteria phylum in shrimp gut is 

quite high, i.e., by 40.83% (Fan et al., 
2019). As reported by Rungrassamee et al. 
(2014; 2016), Proteobacteria are found in 
more than 80% of shrimp intestines of 
white shrimp (L. vannamei) or Tiger 
shrimp (Penaeus monodon). 

Bacterial composition at the species 
level (Figure 4), from the results of the bi-
ometric analysis in normal rearing media 
water, 2 types of predominant bacteria 
were found based on their relative abun-
dance, namely Acinetobacter schindleri 
(20.35%) and followed by Comamonas de-
nitrificans (13.67%). Meanwhile, based on 
the results of biometric analysis on WFD-
infected media water samples, Vibrio 
group, especially Vibrio vulnificus was 
found to be the most dominant. 
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Figure 4. Survival rate of saline tilapia fry. 

 
Species belonging to the genus Aci-

netobacter are widespread because they 
are often found in water, soil, and dry en-
vironments. The characteristics of Acineto-
bacter are gram-negative, rod-shaped, 
non-fermentative, and aerobic bacteria 
(Falagas et al., 2006). Kozińska et al. 
(2014), stated that some Acinetobacter sp. 
identified as opportunistic bacterial path-
ogens for rainbow trout and common carp 
in Poland, including A. baumannii, A. 
lwoffii, A. johnsonii, and A. calcoaceticus. 
Other species such as Acinetobacter 
schindleri have been identified as involved 
in the red eye infection of Pangasius in In-
dia (Reddy and Mastan, 2013). 

Vibrio bacteria are very commonly 
found in the shrimp intestine related to 
their habitat. Kent (2000) reported that 
vibrio bacteria are potentially coming up 
as opportunistic pathogens. Vibrio in gen-
eral can reproduce well at warm tempera-
tures, these conditions may support the 
transition of the bacterial behavior from 
commensal to pathogenic (Haenen et al., 
2014; El-Bouhy et al., 2016; El-Sayed et 
al., 2019). Another thing that encourages 
microflora to develop into opportunistic 
pathogens is that there is an increase in 
the amount of organic matter sourced 

from feed and fecal inputs (Otta et al., 
2001). Pariakan and Rahim (2021) state 
that a salinity between 20-30 ppt affects 
the presence of Vibrio sp. bacteria. and be-
comes stronger at salinity >28 ppt. Sev-
eral species of the vibrio genus that are of-
ten reported can cause vibriosis include V. 
parahaemolyticus, V. alginolyticus, V. 
aguillarum, V. harveyi and V. vulnificus 
(Chatterjee and Haldar, 2012). 

Vibrio vulnificus is a gram-negative, 
halophilic, and mesophilic bacteria that 
naturally exist in estuarine and sea waters 
throughout the world (Drake et al., 2007; 
Linkous and Oliver, 1999). Besides infect-
ing shrimp, Vibrio spp. can also infect gi-
ant prawns (Mishra et al., 2010), rainbow 
trout (Tanrikul, 2007), and also grouper 
fish and cause acute death within 17-46 
hours (Nitimulyo et al., 2005). The growth 
and existence of V. vulnificus in its natural 
habitat are strongly influenced by the sa-
linity and temperature of the waters. The 
suitable salinity range for the growth of V. 
vulnificus is between 5-25 ppt and >20 °C 
for the temperature parameter, where 
these conditions are very favorable for its 
growth (Motes et al., 1998). The GXFL1-3 
strain of V. vulnificus was found to be path-
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ogenic to the zoea and post-larvae of Mac-
robrachium rosenbergii (Li et al., 2019). 
The LD50 of this strain was 1.16×106 
CFU/ml for zoea and 1.45×106 CFU/ml 
for post larvae of M. rosenbergii. V. vulnifi-
cus produces protease, amylase, urase, lec-
ithin, and hemolysin activities which can 
support the strong virulence of this bacte-
rium against M. rosenbergii. In V. vulnificus 
also found a TCP gene associated with vir-
ulence regulation (Li et al., 2019). 

In this study, the results showed that 
the Vibrio bacteria causing the disease in 
this case was mainly V. vulnificus. Rearing 
water which contains high organic matter 
makes the shrimp more susceptible to op-
portunistic pathogenic bacterial infec-
tions. Based on previous studies, white fe-
ces syndrome is caused by different path-
ogens, such as V. parahaemolyticus (Zhang 
et al., 2021), V. anguillarum, V. fluvialis, V. 
alginolyticus, and V. mimicus (Supono et 
al., 2019; Jayadi et al., 2016). However, 
some state that WFD is caused by the En-
terocytozoan hepatopenei parasite.  

The existence and dominance of the 
Vibrio cause these bacteria are easy to pen-
etrate the shrimp's immune system and 
reach the hepatopancreatic tubular cells 
and then interfere with the epithelial cells. 
This causes the tubular epithelial cells to 
suffer detachment, making the intestine 
and feces have white color (Sriurairatana 
et al., 2014; Somboon et al., 2012). 

 
CONCLUSION 

Clinical symptoms of infected 
shrimp in Gerongan village show similari-
ties with clinical symptoms of white 
shrimp that are infected with WFD. The 
bacterial profile of pond water shows that 
the predominant bacteria in WFD-infected 
rearing media is Bacteroidota. Meanwhile, 
healthy shrimp pond water was domi-
nated by Proteobacteria. At a lower taxa 
level, Vibrio vulnificus bacteria were found 
in WFD-infected rearing media water. 
However, to confirm the level of patho-
genicity of these bacteria further tests are 
needed. 
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