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Abstract
In recent years, shrimp aquaculture production in Southeast Asia countries was highly
infected by, microsporidian parasite, EHP. Recently, shrimps from farms located in
Selangor were encountering growth retardation and it highly concerned us to carry out
a clinical investigation in both farms (Location A and B). EHP infected P. monodon
samples were collected from both locations. A total of 43 shrimp samples were
collected and diagnosed via PCR using the 18S rRNA gene. Environmental parameters
were found relatively higher than the advised values. It indicates that the farms are
highly infected and toxic which had led to growth retardation and mortality. However,
no significant differences were observed (except water temperatures) between the
locations. The phylogenetic analysis expressed EHP detected from Malaysia formed in
one clade and all the reference sequences clustered based on geographical continents
(Asian-Latin America). Minimum-spanning network analysis shows that Malaysia
samples Location A are genetically related with other Asian EHP samples even though
the total positive rate of EHP infection was lower. However, samples from Location B
were not clustered within the EHP clade and shows the highest genetic variance within
Malaysia and among Asian samples. This preliminary investigation results confirmed
the incidence of EHP outbreak in Malaysia.

Introduction
Malaysia is the top 15 aquaculture global producer
and 8.9% contributes to the National Agricultural
Domestic Product. According to the Southeast Asian
Fisheries Development Centre (SEAFDEC), shrimp
aquaculture plays a vital role in Malaysian and
contributes to the country’s economic growth.
Infectious diseases outbreak being major concerns of
shrimp aquaculture. Shrimp farms in Southeast Asia
have been increasingly reporting the occurrence of
Published by Central Fisheries Research Institute (SUMAE) Trabzon, Turkey.

severely retarded growth among shrimp populations
and these shrimps found to be heavily infected with the
microsporidian, Enterocytozoon hepatopenaei (EHP)
(Tourtip et al., 2009; Sritunyalucksana et al., 2014). It is
a parasite of penaeid shrimp, found in both black tiger
prawns, P. monodon and Pacific white shrimp, P.
vannamei. EHP is an obligatory, spore-forming parasite,
that replicates within the cytoplasmic area of tubule
epithelial cell of hepatopancreas by changing their
biochemical parameters such as total protein, albumin,
aspartate transaminase (AST), alanine transaminase
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(ALT) and alkaline phosphatase (Santhoshkumar et al.,
2016). To date, there are two species discovered within
the genus Enterocytozoon; EHP and E. bieneusi is being
an intestinal parasite known to infect a wide range of
mammals and birds (Freeman & Sommerville, 2009).
EHP reported in the hepatopancreas (HP) of black
tiger shrimp in Thailand in 2004 (Chayaburakul et al.,
2004). It was later formally described as EHP in 2009
based on histological, ultrastructural, and phylogenetic
data (Tourtip et al., 2009). EHP has been confirmed in
Thailand (Tourtip et al., 2009), India (Rajendran et al.,
2016), Vietnam (Ha et al., 2010), Brunei (Tang et
al.,2015), Indonesia (Tang et al 2016; Artanto et al.,
2020) and China (Liu et al., 2018). The first
hepatopancreatic microsporidium reported from P.
monodon in Malaysia in 1989. A recent outbreak of
growth retardation has the warrant to find out the
prevalence of EHP on the farms. Therefore, we aim to
determine the presence of EHP in growth-retarded black
tiger shrimp samples from two farms in Selangor
(Location A & B), Malaysia and to determine the
relationship of EHP from various geographical regions.
The genetic data obtained from this study will
contribute to the status of Enterocytozoon sp. from
Malaysia associated with the distribution of the species.
This study will be a value-adding to provide information
that will be preliminary to describe the epidemiological
relationship of EHP as a pathogenic organism and for its
control measures.

Materials and Methods
Study Area and Measurement of Ecological Parameters
Sampling was conducted randomly from 2 farms
(Location A & Location B) located at Selangor district
right after the EHP outbreak. Pond water samples were
collected and various physicochemical characteristics
such as salinity (g/kg), water temperature (°C), water
pH, dissolved oxygen (DO), nitrate, nitrite, and ammonia
(NH3-N) were measured. API Freshwater Master Test
Kit (MARS Fishcare, Chalfont, USA) was used to measure
pH, ammonia, nitrite, and nitrate; pH using pH meter
(Sartorius PB-10 Basic pH meter, Sartorius AG,
Göttingen, Germany) and dissolved oxygen,
conductivity, salinity, and temperature measured using
YSI Model 85 Handheld (YSI Incorporated, Yellow
Springs, USA).
Collection of Shrimps
A total of 43 Black tiger prawns, P. monodon
samples with the sign of stunted growth were collected
from two ponds.
Live shrimps were washed and transported with
continuous aeration to the laboratory. The shrimps were
dissected to harvest hepatopancreases, muscle,
stomach, intestine, eye, pleopods, gills and heart.
Hepatopancreas was subjected to DNA extraction.

Extraction of Hepatopancreas DNA
Samples of hepatopancreas were used for DNA
extraction. ~120−150 mg pooled HP tissue was
extracted using the modified conventional phenolchloroform method. The concentration and quality of
the extracted DNA samples were checked using
NanoDrop™ 2000/2000c Spectrophotometer (Thermo
Fisher Scientific, Waltham, USA).
PCR Amplification
The conventional PCR amplification targeting the
SSU rRNA was carried out using the condition as follows:
one cycle of initial denaturation at 94°C for 5 min,
followed by 30 cycles of 95°C for 30 sec, 57°C for 30 sec,
68°C for 45 sec, and a single step of final extension at
68°C for 5 mins. The reaction mixture consisted of 1 uL
of template DNA, 10 µm of forward and reverse primer,
10 mM of deoxynucleotide triphosphate, 1.5 uL of 1.5
mM of MgCl2 and 1.25U of DNA Taq polymerase. The
PCR products were then verified with 2 % agarose gel
electrophoresis, run at 80 V, 180 mA in 1X TAE running
buffer for 40 min. The gels were then visualized by
ultraviolet transillumination and photographed. The
gels were then purified using AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA, USA)
according to the manufacturer’s instructions. Forward
primer (5’-CGGTAACCTGTGGCTAAGAGT-3’) and reverse
primer (5’-TTCTCCCACACCAAGCATCG-3’) (Giridharan,
2017) were used to amplify a partial fragment of SSU
rRNA with an amplicon size of 597 bp. The amplification
product of the EHP SSU rRNA positive samples was
directly sequenced using a Sanger sequencing method
(Applied Biosystems 3730XLGenetic Analyzer).
Sequence Analysis
Both the forward and reverse sequences obtained
after the sequencing process were aligned using
ClustalW multiple alignment algorithms and edited
using Molecular Evolutionary Genetics Analysis version
7.0 (MEGA 7.0) (Kumar et al., 2016). Each of the gene
sequences was BLAST analysed using NCBI/BLASTN
program facility (http://www.ncbi.nlm.nih.gov/BLAST)
for searching significant similarity with reference
sequences available in Gen Bank. To assess genetic
diversity among EHP isolates, 18S rRNA gene sequences
of the EHP isolated from Malaysia were aligned with EHP
sequence reported from different countries in the Gen
Bank database. Enterocytozoon bieneusi (AY257180)
was used as an outgroup to root the phylogenetic tree.
The EHP sequences were also analysed using
MEGA 7.0 software to verify the estimate sequence
divergences, and the pairwise analysis was calculated
using the Kimura-2-Parameter (K2P) algorithm model.
DNA Sequence Polymorphism Version 5.10.1 (DNASP
v5) (Librado and Rozas, 2009) was used to generate
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haplotype data within EHP species. Network 5.0.0.1
(Bandelt et al., 1999) was used to generate a minimumspanning network (MSN) to illustrate the haplotype
relationships. A minimum spanning network for each
species was constructed, and the geographic origin of
the haplotypes is indicated.

trees was constructed. The posterior probabilities (PP)
were summarised for each branch.

Phylogenetic Analysis

Sampling was conducted once growth retardation
was observed in farms located in both locations. Salinity,
pH, ammonia, and nitrate level comparatively very high
in both locations’ farms compared with optimum water
quality for shrimp culture, Figure 1 & Table 1. The
salinity level of ponds in location A was within the range
of 10-15 ppm followed by 30ppm from location B. pH
reading of location B was comparatively high compared
with location A, 9-9.2 to 8.2-8.8 respectively. Analysing
on temperature, location A and B had the temperature
in the range of 32.1-32.4oC and 27oC, respectively.
Nitrate and nitrite level was in the range of 5-10 ppm at
both the location and nitrite was 1-2ppm. Dissolved
oxygen was 5.5 at location A and in the range of 6.2-6.5
at location B. Level of ammonia also higher in both the
location, ranging from 8-9ppm. The data of each
parameter were analysed, and it has shown no
significant differences between the two locations in
terms of salinity, pH, ammonia, nitrate and nitrite,
p>0.05. Temperature between the locations was
significantly different, p<0.05.

Results
Ecological Parameters

Two phylogenetic trees were built: i) distancebased neighbor-joining (NJ) tree in MEGA 7.0 calculated
using Kimura-2-Parameter (K2P) algorithm model with
10000 bootstraps, and ii) Bayesian inference (BI) which
was implemented via MrBayes version 3.1.2
(Huelsenbeck and Ronquist, 2001).
The best substitution model for 18S rRNA
sequences was selected using Modeltest version 3.7
software (Posada and Crandall, 1998) with the Akaike
information criterion (AIC) and used in the Bayesian
analysis. The best model for the sequences selected was
the TIM with equal base frequencies, TIMef (-lnL =
0.0128; AIC= 6.0255). Metropolis-coupled Markov chain
Monte Carlo (MCMC) was run with 30,000 generations,
and the tree was sampled every 1000 generations. A
split frequency probability (PP) of 0.002042 was
obtained from the run of MrBayes. The first 25% of the
trees acquired in the analysis were discarded as burn-in,
and a 50% majority-rule consensus for the remaining

Table 1 Average reading of ecological parameters of ponds from location A & B
Parameters
Salinity (ppm)
pH
Ammonia (ppm)
Nitrate (ppm)
Nitrite (ppm)
Dissolved Oxygen(mg/L)
Temp (oC)

Location A
10.0±0.10
8.8±0.06
8.0±0.10
10.0±0.05
2.0±0.02
5.6±0.21
32.1±0.1

Location B
30.0±0.00
9.2±0.10
8.0±0.06
9.0±0.03
2.0±0.03
6.2±0.10
27.0±0.01

Optimum water quality for shrimp culture
10-25
7.5-8.5
< 0.1
< 1.0
5-10
>4
25-30

Table 2. Average percentages of pairwise genetic distances of EHP samples compared from various countries and outgroup (E.
bieneusi).
Taxon
(1) E. hepatopenaei (Malaysia) (Kuala Selangor)
(2) E. hepatopenaei (Malaysia) (Sabak Bernam)
(3) E. hepatopenaei (Thailand)
(4) E. hepatopenaei (Indonesia)
(5) E. hepatopenaei (Vietnam)
(6) E. hepatopenaei (India)
(7) E. hepatopenaei (China)
(8) E. hepatopenaei (Latin America)
(9) E. bieneusi (Outgroup)

1
4.9
0.2
0.2
0.2
0.2
0.2
1.7
6.1

2

3

4

5

6

7

8

9

4.9
4.9
4.9
4.9
4.9
6.1
10.0

0.0
0.0
0.0
0.0
1.4
5.9

0.0
0.0
0.0
1.4
5.9

0.0
0.0
1.4
5.9

0.0
1.4
5.9

1.4
5.9

6.1

-
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Sequence Analysis and Phylogenetic Topology
A total of six EHP partial 18S rRNA sequences were
successfully amplified from hepatopancreas of P.
monodon. Out of 25 tested HP samples from Location A,
4 (16%) were positive for EHP compared with 2 (11%)
out of 18 from Location B pond were tested positive. The
nucleotide sequences of all positive samples were
deposited into Gen Bank database with accession
numbers
of
SRR13298316,
SRR13298317,
SRR13298318, SRR 13298319, SRR13298320 and
SRR13298320, BioProject # PRJN687325. Analysis of
nucleotide composition of EHP sequences involved in
this study shows that the percentage of Guanine (G) was
the highest with 31.1%, followed by Adenine (A) with
29.8%, Thymine (T) with 21.9%, and Cytosine (C) with
17.2%. Overall, there were 93.4% conserved sites with
the remaining of 6.6% variable sites. Parsimonyinformative sites and singleton sites showed 20 bp
(4.7%) and 8 bp (1.9%), respectively.
Reconstruction of the phylogenetic tree (NJ and BI)
revealed that all the EHP samples were clustered based
on geographical regions (Asian - America Latin) (Figure 2
& 3). Phylogenetically, the trees demonstrated a mixed
grouping of EHP from six Asian countries (i.e, Malaysia,
Thailand, Indonesia, Vietnam, India, and China) which
can be seen through the tree topologies. Samples from
Location A formed in clusters together with other Asian
samples, leads to the confirmation that EHP from
Location A, Malaysia is genetically close and
homogenous with the Asian samples. However, there is
an exception for samples from Location B, Malaysia
which is deviated from the main branch and formed a
new cluster by itself. EHP from Latin America was also
genetically distinct from samples of Asian countries
where it has formed a separate clade. Essentially, the
trees revealed monophyly of the EHP species concerning
the outgroup, E. bieneusi.

Single-nucleotide polymorphisms (SNP) analysis
conducted on the EHP 18S rRNA sequences excluding
the outgroup revealed 28 segregating sites. Altogether,
seven haplotypes were defined based on 40 sequences
of EHP from seven different countries. There is a single
shared haplotype (H_1) and six unique haplotypes. A
single shared haplotype with the highest samples
frequencies is representing populations of EHP from
Malaysia (a single individual of Location A), Thailand,
Indonesia, Vietnam, India, and China. These countries
are on the Asian continent. In furtherance, populations
of EHP from Malaysia has more than one unique
haplotype; Location A (H_1, H_2, H_5, H_6) and Location
B (H_3, H_4). A single haplotype (H_7) is represented by
the Latin American samples. A Minimum-spanning
network (MSN) was generated with the haplotype data
of EHP 18S rRNA sequences obtained to illustrate the
relationships of EHP populations from various countries
(Figure 4). The haplotype network illustrated the
homogenise populations of EHP of Asian countries,
except the population of Location B with population
disjunction observed.
The average percentages of pairwise genetic
distances among the EHP samples from various
countries are tabulated in Table 2. The results of 0.0%
pairwise distance revealed that EHP from Asian
countries (i.e, Thailand, Indonesia, Vietnam, India, and
China) was genetically identical to each other. EHP
samples from Location A pond shown 0.2% genetic
variance with EHP samples from the Asian countries.
Surprisingly, EHP from Location B became the focus of
this study. The pairwise genetic distance of this group
was the most distant from other populations of EHP
(including Malaysia (Location A) and other Asian
countries) which is 4.9%. EHP from Latin America also
showed the genetic distance of only 1.4%-1.7% with EHP
of Asian countries including Malaysia (Location A),
except for the Location B samples, which shows the

Reading

Ecological Parameters
40
35
30
25
20
15
10
5
0
-5

Dissolved
Oxygen(mg Temp (o C)
/L)

Salinity
(ppm)

pH

Ammonia
(ppm)

Nitrate
(ppm)

Nitrite
(ppm)

Location A

10

8,8

8

10

2

5,6

32,1

Location B

30

9,2

8

9

2

6,2

27

optimum

25,00

8,5

0,1

1

10

7

30

Figure 1. Average reading of ecological parameters recorded from both the locations in comparison with the optimum reading for
shrimp farms.
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genetic divergence of 6.1%. Populations of EHP and
outgroup species of E. bieneusi exhibited a high value of
pairwise distances, ranging from 5.9%-10.0% which
were highly expected as they were separated in two
different species.
The pairwise genetic distances between the EHP
groups showed that inter-country genetic variation is

higher than the intra-country relationships. From the
calculation of pairwise distances, we may conclude that
the genetic distances of EHP SSU rRNA sequences can
explain the relationship between the species levels. This
divergence analysis also supporting that samples from
Location B could be a new species within
Enterocytozoon genus.

Figure 2. Neighbor- joining phylogenetic tree estimated using the Kimura-2-parameter algorithm with 10000 bootstrap replications.
The optimal tree with the sum of branch length = 0.12455994 is shown. The bootstrap values are shown next to the branches. The
bar represents 0.005 nucleotide substitutions per alignment position. (All the reference sequences used in this study were EHP from
P. vannamei, except EHP from P. monodon for FY496356 from Thailand, KY075856 from India and all Malaysia samples)
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Discussion
Microsporidians are a highly diverse group of
spore-forming parasite infecting hosts from all major
phylum in a diverse environment, especially aquatic
ecosystem and cause growth retardation and lead to
Hepatopancreatic Microsporidiosis. EHP mostly studies
or detected in Pacific white shrimp species and spread
around in Asia countries from 2002 onwards and lead to
the emergence of EHP as a significant pathogen

(Thitamadee et al., 2016). EHP widely infected the
Pacific white shrimp compared with black tiger shrimp,
where all the reference sequences used in this study
were observed from P. vannamei, except for FY496356
from Thailand and KY075856 from India which were
identified from P. monodon. All Malaysia samples of EHP
were also extracted from P. monodon. Anderson et al.
(1989) reported the first outbreak of hepatopancreatic
microsporidiosis in pond-reared black tiger shrimp in
Malaysia.

Figure 3. Bayesian inference of the EHP infected shrimps from various countries
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During sampling, gross signs include black gills, the
colouration of hepatopancreas, yellow discolouration in
the head and white faeces were observed. Drastic
changes in water quality parameters were shown in all
the investigated ponds. High ammonium level indicated
as one of the stress contributing factor in shrimps. Chien
(1992) reported that ammonia is toxic to shrimp at high
concentration. Salinity, pH, and dissolved oxygen levels
were not within the range of acceptable shrimp culture
showing the pond are highly infected too. Khal et al.,
(2018) & Tangprassittipap et al., (2013) also reported
that EHP infected pond’s salinity is hight as 33-34 ppt
and 25 ppt respectively compared with uninfected
farms. The optimum temperature for the ponds ranges
from 25 to 28°C. The greater range of temperature
(24.5-33°C) recorded in the present study might have
contributed to the slow growth and eventually mortality
of the shrimps. Level of DO from both farms >4 mg/L,
and it is recommended condition to avoid metabolic
stress in shrimps (Hall & Van Hamm 1998).
The occurrence of EHP from P. monodon samples
collected from 2 ponds, from location A & B proven with
18S rRNA gene by PCR based diagnostic analysis.
According to Artanto et al. (2020), SSU rRNA genes are
used in PCR for species identification and pathogen
diagnostics because the sequences usually differ
between different species and similar with the same
species. It is supported by Jaroenlak et al. (2016) where
SSU rRNA sequence is appropriate for use within
cultivated
shrimp
samples
compared
with
environmental samples which have to be reconfirm
using spore wall protein primers.

As per the phylogenetic analysis, the phylogenetic
tree revealed that all the EHP samples were clustered
based on geographical continents (Asian vs Latin
America). Malaysia samples from Location A formed
monophyletic clade within the EHP cluster of other
Asian countries’ samples. This confirms that EHP
infected samples from Malaysia are genetically close
with each other except for samples from Location B,
which formed a new cluster by itself. It is supported with
the pairwise genetic distance analysis where samples
obtained from Location A genetically related with shown
(0.2% variance) with Asian countries compared with
4.9% variance in the samples identified from Location B.
Genetic distance between Location A and Latin America
is 1.7% and Location B is 6.1% compared with only 1.4%
with other Asian countries. Genetic distances showed
that intercountry genetic variation is higher than the
intra-country relationships. This divergence analysis and
also the phylogenetic analysis supporting that samples
from Location B could be a new species within the same
family of Enterocytozoonidae. The genetic distance of
Location B samples with the outgroup, E. bieneusi
showing a variance of 10%. According to Tourtip et al.
(2009), EHP was identified based on ultrastructural
features which are unique to the family
Enterocytozoonidae even though SSU rRNA sequences
were matching 84% similarity with the E. bieneusi. Thus,
further analyses have to be done to further confirm the
status of species from Location B.
Variation occurred in the sample from Latin
America (KY593129). According to Artanto et al. (2020),
Latin American sample have shown in a separate clade

Figure 4. Minimum- spanning network of EHP from various countries haplogroup defining 7 haplotypes. Haplotype 3 and 4 are from
Location B samples, Haplotype 1,2,5, and 6 are from Location A samples, and Haplotype 7 is from Latin America.
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with different branches of EHP groups from Indonesia,
Thailand, Vietnam, China, and India. Chaijarasphong et
al. (2020) disclosed that EHP reported from Venezuela,
(KY 593127) found in the hepatopancreas of P.
vannamei is questionable where the low similarity in
gene sequences of the β-tubulin (93%) and spore wall
protein (91%) genes to samples from Thailand (Tourtip
et al., 2009) would be a different or unknown species
within the early growth mortality group.
Enterocytozoon-group microsporidia (EGM) has
expanded rapidly, and it is now known to also contain
parasites from several other genera (including
Enterospora, Nucleospora, Desmozoon, Obruspora and
Hepatospora). They affect a broad range of invertebrate
and vertebrate hosts, including humans and inhabit
diverse biomes (Stentiford et al., 2019). With this
increased knowledge on diversity and the host-range
comes an increasing need to carefully apply appropriate
taxonomic tools when determining the presence of a
pathogen of concern within a particular setting
(Stentiford et al., 2014). Therefore, further analysis is a
must to confirm the Location B samples.
The current clinical investigation determined the
prevalence of EHP in 2 farms located in Selangor state.
As the first step to mitigating the risk of EHP, it is a must
to encourage the farmers to follow standard
management strategies or best practices such as
maintaining good water quality, lower stocking densities
and use of EHP-free shrimp for stocking in shrimp farms
to keep EHP under control as till today no treatment
available.

Conclusion
Preliminary investigation results confirmed the
EHP outbreak in Malaysia. The results have shown that
Malaysia samples at Location A are genetically related to
other Asian EHP samples. However, samples from
Location B were not clustered within the EHP clade and
shows the highest genetic variance within Malaysia and
among Asian samples. Hence, further molecular analysis
is needed to identify these samples. Nevertheless, the
results of the current preliminary study can be used as
baseline data to further investigate the epidemiology of
this parasite and its role in the production loss of farmed
shrimps.
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