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ABSTRACT:

Introduction. The white spot syndrome virus (WSSV) causes systemic destruction of ectodermal and mesodermal tissues in
shrimp and can cause 100 % mortality. Enterocytozoon hepatopenaei (EHP) is an intracellular microsporidian that causes lysis of
epithelial cells in hepatopancreatic tubules in shrimp. Objective. Detect the presence of WSSV and EHP in fifteen shrimp farms in
the Gulf of Nicoya and the Central Pacific from Costa Rica. Materials and methods. Between January 2017 and July 2018 water
during the filling process of the pond, postlarvae, and juvenile shrimp of Penacus vannamei was collected, during a production cycle
in each one of the fifteen farms. Samples were analyzed through polymerase chain reaction (PCR) using primers and protocols
to detect the VP41B gene in WSSV, and the small subunit ribosomal RNA gene of EHP. Results. The presence of WSSV was
detected in one farm, while EHP was not detected in any of the fifteen farms. The sequencing of the amplified segments of the
VP41B gene showed 100 % identity with isolated shrimp sequences in Taiwan and Mexico. Conclusion. WSSV was detected at
avery low frequency and EHP was not detected in this study. It is necessary to continue monitoring these agents in the country’s
shrimp farms.

KEYWORDS: Litopenaeus vannamei , virus, hepatopancreatic microsporidiosis, infectious disease, emerging discase.

RESUMEN:

Introduccién. El virus del sindrome de la mancha blanca (WSSV) causa la destruccién sistémica de los tejidos ectodérmicos
y mesodérmicos en los camarones y puede causar una mortalidad del 100 %. El Enterocytozoon hepatopenaei (EHP) es un
microsporidio intracelular que ocasiona lisis de las células epiteliales en los tubulos hepatopancredticos del camarén. Objetivo.
Detectar la presencia de WSSV y EHP en camarones de quince granjas ubicadas en el Golfo de Nicoya y el Pacifico Central de
Costa Rica. Materiales y métodos. Entre enero 2017 y julio 2018 se recolecté agua durante el proceso de llenado del estanque,
postlarvas y camarones juveniles de Penaeus vannamei, durante un ciclo productivo en cada una de las quince fincas. Las muestras
se analizaron a través de reaccién en cadena de la polimerasa (PCR), utilizando cebadores y protocolos para detectar el gen VP41B
de WSSV y el gen de ARN ribosomal de la subunidad pequefia del EHP. Resultados. Se detectd la presencia de WSSV en una
finca, mientras que no se detecté EHP en ninguna de las quince fincas. Las secuencias de los segmentos amplificados del gen VP41B
mostraron una identidad del 100 % con secuencias aisladas de camarén en Taiwdn y en México. Conclusién. Hubo baja frecuencia
de WSSV, mientras que el EHP no fue detectado en este estudio. Es necesario continuar monitoreando estos agentes en las granjas
camaroneras del pais.
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PALABRAS CLAVE: Litopenaeus vannamei , virus, microsporidiosis hepatopancredtica, enfermedad infecciosa, enfermedad
emergente.

INTRODUCTION

The white spot syndrome virus (WSSV) belongs to the genus Whispovirus, family Nimaviridae (Lo et al,,
2012), a double-stranded and enveloped DNA virus (Haq et al., 2012). The virus has a wide range of hosts,
including crustaceans, mainly crabs, prawns and lobsters (OIE, 2018). Variants of WSSV are differentiated
by their virulence, causing hyperacute, acute or chronic disease and mortality in penacids (Bustillo et al,,
2009) through systemic destruction of ectodermal and mesodermal tissues including gills, the cuticular
epithelium, the antennal gland, lymphoid organ and hematopoietic tissue (Crockford, 2008), causing white
spots or dots on the cephalotorax (Wu et al, 2001) and discoloration from pink to red (Crockford,
2008; OIE, 2018). To detect WSSV, histological examination, electron transmission microscopy, iz situ
hybridization techniques, polymerase chain reaction (PCR) techniques, and immunological detection
methods were used, but PCR being the method of choice due to its high sensitivity, specificity and speed
(Crockford, 2008; Haq et al., 2012, OIE, 2018). Multiple PCR protocols have been implemented for
detecting WSSV, including one designed by Dhar etal. (2001) that amplifies the VP41B gene, which encodes
for WSSV structural proteins. Biosecurity measures should be implemented to prevent the entry of WSSV
into a farm, and if it is detected it is recommended to reduce stressors (sudden changes in temperature,
salinity, and water oxygenation), as well as to implement cleaning and disinfection of ponds with chemical
products, or to expose them to the sun (Sdnchez-Paz, 2010). The virus was reported for the first time in
Costa Rica in the year 2000 in shrimp production systems located in the Gulf of Nicoya, causing mortalities
between 60 % - 70 %. Since 2008 it has been mandatory to report the presence of WSSV in shrimp farms
(SENASA, 2010). In total, 98 cases of WSSV have been reported in Costa Rica, distributed as follows: 4 in
2006,in 2007 and 2010, 6in 2011,28 in 2012, 34in 2013, 5in 2014, 3 in 2015, and 10 in 2016 (SENASA,
2017).

Other pathogen that affect shrimp production is Enterocytozoon hepatopenaei (EHP), an intracellular
microsporidian that causes the hepatopancreatic microsporidiosis (Aranguren et al.,, 2017). This agent
replicates in the cytoplasm of epithelial cells of hepatopancreatic tubules in P. monodon and P. vannamei
(Tourtip et al., 2009), causing lysis of these cells (Tang et al., 2017c). The main clinical signs include
retarded growth, which causes variability in shrimp sizes, soft carapaces, lethargy, reduced feed intake and
empty midguts (Aranguren et al., 2017). The parasite is diagnosed through histological examination, iz situ
hybridization techniques and PCR (Tangprasittipap et al., 2013, Tang et al., 2015). The PCR detection
methods amplify the small ribosomal RNA subunit gene of EHP, called SSU rRNA (Aranguren et al., 2017;
Tang et al., 2017b) and the spore protein gene (SWP) (Jaroenlak et al., 2016). Microsporidium has been
reported in Asia (Tangetal.,, 2015; Rajendran etal., 2016; Shen etal.,, 2017) and recently in Venezuela (Tang
ctal.,, 2017a). There are no reports of EHP in Costa Rica.

Since 2000, when WSSV was first diagnosed in the country, only passive surveillance has been carried
out by the authorities, that is, that diagnosis is only performed on farms where the presence of WSSV is
suspected. Also, only few investigations of WSSV and none about EHP have been carried out in Costa Rica.
The objective of this work was to detect the presence of WSSV and EHP in fifteen shrimp farms located in
the Gulf of Nicoya and Central Pacific from Costa Rica.

MATERIALS AND METHODS

Study area, type and design
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A non-systematic convenience, cross-sectional descriptive study was carried out. Fifteen farms were
selected from a nationwide total of 89 (Carolina Elizondo, SENASA, personal communication, 2019),
which met the following criteria for inclusion: 1. little technified farms; 2. only one production pond; and 3.
low production due to mortality or decreased growth, since it was assumed that these were the farms in which
there would be a higher probability of finding WSSV. The farms were located around the Gulf of Nicoya and
the Central Pacific region from Costa Rica, and were visited twice: at the beginning of the production cycle
(between January 2017 and June 2018), and 6-7 weeks after stocking, which is when the literature reports
that the highest mortalities caused by WSSV occur in farms (Bustillo et al., 2009).

Water and shrimp sampling

During the first visit to the farm, on the day of stocking, a sample of 10 ml of water was taken during the
filling process of the pond, which was stored in vacutainer tubes. In addition, 100 postlarvae (day 0) were
collected before stocking, which were stored in sterile tubes with 70 % alcohol. During the second visit, 6-7
weeks after stocking, the farms were visited again, and five juvenile shrimp (5-10 g) were taken in the morning
from three different places (at the point of entry of water, in the middle of the pond and at the point of
drainage) with cast nets. These individuals had their hepatopancreas and stomach removed which were fixed
in 70 % alcohol. All samples were transported to the laboratory under refrigeration (4-8 °C) and stored at
-80 °C until processing.

Obtaining water physical-chemical parameters, geographical coordinates and data collection

On the day in which juvenile shrimp were collected, the following water physicochemical parameters
were obtained using a portable multiparameter water quality meter: temperature (°C), dissolved oxygen

(mg 1), pH, and salinity (ppm). In addition, geographic coordinates were recorded for the four corners of
cach experimental pond using a global positioning system, and a precoded instrument was applied to each
producer to obtain information about the general conditions of the farm, the production system, and sanitary
management.

Molecular techniques

Water collected prior to stocking was centrifuged at 16,000xg for 10 min, the supernatant and the water
precipitate, postlarvae, juvenile shrimp hepatopancreas, and stomachs were subjected to DNA extraction,
which was performed using the DNeasy” Blood and Tissue kit (Qiagen), following the instructions provided
by the manufacturer. The DNA extraction from hepatopancreas and stomach was preceded by the following
extraction protocol published by Cardona et al. (2016). The aqueous phase was subjected to DNA extraction
using the Dneasy® Blood and Tissue kit (Qiagen). Finally, the DNA concentration (ng ul™) of each extracted
sample was measured using a spectrophotometer (NanodropTM).

The samples (water, postlarvae, and juvenile shrimp hepatopancreas and stomachs) were analyzed using
three PCR protocols (Table 1): in the first PCR the B-actin gene of the shrimp samples (postlarvae,
hepatopancreas, and stomachs) was amplified according to the protocol described by Dhar et al. (2001),
to confirm the correct extraction of DNA from the samples and discard inhibitions. In the second PCR a
segment of the VP41B gene of WSSV was amplified following the protocol described by Dhar et al. (2001),
and in the third PCR a segment of the SSU rRNA gene of EHP was amplified according to the protocol
described by Tang et al. (2015). The reaction mixture for the PCR included DNA template (0.8-1.6 uM),
primers at 10 uM concentration, and 0.6 pM Master Mix (DreamTaq, Thermofisher®), for a final volume
of 25 pl. DNA from WSSV and EHP, acquired from the University of Arizona, USA, was used as positive
control. Nuclease-free water (Fermentas®) was used as negative control.
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TABLE 1
Primers sequences, amplification protocols, and PCRs
references used to detect the f-actin gene, WSSV, and EHP.

Gene Primers Sequences Product Amplification protocol Reference
size (bp)
Actin-F CCCAGAGCAAGAGAGGTA 10 min of initial
denaturation at 95 °C, 35
cycles of denaturation (95
; °C for 45 s), alignment (55 Dhar et al.
i Actin-R3  GCGTATCCTTCGTAGATGGG 339 oC for 1 min) and extension  (2001)
(72 °C for 2 min), and final
extension of 72 °C for 7
min
10 min of initial
denaturation at 95 °C, 35
cycles of denaturation (95
°C for 45 s), alignment (55 Dhar et al.
°C for 1 min) and extension (2001)
(72 °C for 2 min), and final
extension temperature of
72 °C for 7 min.
3 min of initial denaturation
EHP-510F GCCTGAGAGATGGCTCCCACGT at 94 °C, 35 cycles of
denaturation (94 °C for 30

FOO02 GATGAGACAGCCCAAGTTGTTAAAC

WSSV 306
R0OO2 CGAAATTCCATCACTGTAATTGCTTG

EHP 500 s), alignment (60 °C for Ta(”zgofts)al‘
EHP-510R GCGTACTATCCCCAGAGCCCGA 30 s) and a final extension
temperature of 72 °C for 5
min

Cuadro 1. Secuencias de los cebadores, protocolos de amplificacién y
referencias de los PCRs utilizados para detectar el gen 8-actina, WSSV y EHP.

The PCR products were visualized using agarose gel electrophoresis (1 %) in TBE 1X (Tris base, boric acid,
EDTA, pH 8, 0.5M). The electrophoretic run was performed at 100 volts for 45 min. GeneRuler 100 bp
DNA Ladder Plus (Fermentas®) was used as a molecular weight marker, and GelRed® Nucleic Acid Gel Stain
dye was used as a colorant. Amplification fragments with a size of 306 bp (WSSV) and 500 bp (EHP) were
considered positive and all but those of actin were sent to Macrogen (Seoul, Korea) to be sequenced. The
partial sequence was aligned with the BioEdit Sequence Aligment Editor® program and compared using the
BLASTn algorithm (Joshi et al., 2014 using the National Center for Biotechnology Information (NCBI)
database. The sequences obtained were deposited in the GenBank.

Statistical analysis

The results of the surveys and the results of the PCR of WSSV and EHP were entered into a database, and
adescriptive analysis of the positive farms was carried out. A map was created with the QGIS 2.14.0 program
to show the distribution of the shrimp farms analyzed, and positive cases were identified.

RESULTS

The PCR protocols implemented to amplify segments of the WSSV and EHP genes are shown in the Figure
1. The amplifications yielded better results when DNA extractions were used without dilution or in 1/10
dilution.
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FIGURE 1
Agarose gel electrophoresis showing the PCR products of the implemented
protocols for amplification of white spot syndrome virus (WSSV) (A)
and Enterocytozoon hepatopenaei (EHP) (B). Costa Rica, 2017-2018.

1A: M: 100 kb molecular weight marker. 1: positive hepatopancreas of shrimp from Costa Rica, undiluted;
2: positive shrimp hepatopancreas from Costa Rica 1/10 dilution; C-: negative control, C+: positive
WSSV control, undiluted. 1B: M: 100 kb molecular weight marker. 1: positive EHP control, undiluted;
2: positive EHP control, 1/10 dilution; C-: negative control, C+: positive EHP control, undiluted.
Figura 1. Electroforesis en gel de agarosa que muestra los productos de PCR de los protocolos implementados para el
virus del sindrome de la mancha blanca (WSSV) (A) y de Enterocytozoon hepatopenaei (EHP) (B). Costa Rica, 2017-2018.
1A: M: marcador de peso molecular de 100 kb. 1: hepatopédncreas de camarén positivo de Costa Rica, sin
diluir; 2: hepatopancreas de camardn positivo de Costa Rica, dilucién 1/10; C-: control negativo, C+: control
positivo de WSSV, sin diluir. 1B: M: marcador de peso molecular de 100 kb. 1: control positivo EHP, sin
diluir; 2: control positivo EHP, dilucién 1/10; C-: control negativo, C+: control positivo de EHP, sin diluir.

All postlarvae, and juvenile shrimp stomachs and hepatopancreas from all farms amplified the internal
actin control using PCR. The water samples (supernatant and sediment) that were obtained during the filling
process of the pond in the every farms were negative for WSSV and EHP, as were the postlarvae and juvenile
shrimp stomachs. Only the hepatopancreas of the shrimp collected from the middle of the pond of farm 9
were positive for WSSV, while the remaining hepatopancreas from the other farms were negative for WSSV

and EHP (Figure 2).
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«— 306 pb

FIGURE 2
Agarose gel electrophoresis showing the amplified PCR products of juvenile shrimp
(Penaeus vannamei), obtained from one farm located in the Gulf of Nicoya, showing
the presence of white spot syndrome virus (WSSV). Costa Rica. 2017-2018.

M: 100 kb molecular weight marker. Line 1: positive shrimp
hepatopancreas from Costa Rica; C+: positive control; C-: negative control.

Figura 2. Electroforesis en gel de agarosa que muestra los productos de PCR amplificados de
camarones juveniles (Penacus vannamei), obtenidos de una granja ubicada en el Golfo de Nicoya, que
muestra la presencia del virus del sindrome de la mancha blanca (WSSV).Costa Rica. 2017-2018.

M: marcador de peso molecular de 100 kb. 1: hepatopéncreas de
camarén positivo de Costa Rica; C+: control positivo; C-: control negativo.

The sequence obtained for the VP41B gene of WSSV in Farm 9 was identical (100 %, 306pb/306pb)
to sequences isolated form shrimp from Taiwan (AF440570.1) and Mexico (KU216744.2) (Figure 3), this
sequence was deposited in the GenBank database with access number MH553567.

10 20 LY 40 50 &0

WSSV CRC TTTGATGAGACAGCCCAAGT TGTTAAACAGGCCGT TGATGAAARAA TACGATGAAT TATTAGAAG
WSSV TWN . . TGATGAGACAGCCCAAGT TGTTAAACAGGCCGT TGATGAAAAR TACGATGAAT TATTAGAAG

il 120 130 40 50 160
WSSV CRC AAGCATCCGAAACATATGAT AAACT TGCTGCTGATATGAT AAGAGAGGTAGACACTAGTAGTGT
WSSV TWN AAGCATCCGAAACATATGATAAACT TGCTGCTGATATGAT AAGAGAGGTAGACACTAGTAGTGT

210 220 230 240 250 260
WSSV CRC TATCAATAATTTAAGAGATAAAAGGAARGAATATGAAAAGAGGCT ATGGACATTAGCCTACAAA
WSSV TWN TATCAATAAT TTAAGAGATAAAAGGAARGAATATGARAAGAGGCTATGGACATTAGCCTACAAR
WSSV CRC GAATTTCG
WSSV TWN GAATTTCG

Alignment of the sequence of the white spot syndrome virus (WSSV) isolated from a
hepatopancreas shrimp from Costa Rica (WSSV CRC) in shrimp (Penacus vannamei) from
one farm located in the Gulf of Nicoya, and the WSSV sequence isolated from a shrimp from

Taiwan (WSSV TWN), based on the ClustalW2 program, and deposited in the GenBank. 2018.

Figura 3. Alineacién de la secuencia del virus del sindrome de la mancha blanca (WSSV) aislado de un hepatopéncreas de camarén
de Costa Rica (WSSV CRC), en camarones (Penaeus vannamei) de una granja ubicadas en el Golfo de Nicoya, con la secuencia de
WSSV aislada de un camarén de Taiwdn (WSSV TWN), con base en el programa Clustal W2 y depositadas en el GenBank. 2018.

The positive WSSV farm (Farm 9) was located in the canton of Abangares (Figure 4) with a pond smaller
than 2 ha in size. At the time of the sampling (November 2017), the positive farm showed the following

water quality parameters: 3 mg "' of dissolved oxygen, temperature of 34.5 °C, pH of 8.24, and salinity of
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22.39 ppt. A density of 10 postlarvae per m* were stocked in this farm, and the production cycle took less

than four months. Water quality was not monitored, nor were production records maintained. In previous
cycles the farm had experienced problems associated with WSSV, mainly mortality, and SENASA confirmed
the presence of WSSV through conventional PCR.

COSTARICA

Caribbean Sea

Pacific Ocean

WSSV/EHP negative farms

A\ WSSV positive farm,
EHP negative farm

FIGURE 4

Geographical distribution of the productive shrimp farms analyzed for white spot
syndrome virus (WSSV) and Enterocytozoon hepatopenaei (EHP) in the Gulf of
Nicoya and Central Pacific from Costa Rica between January 2017 and July 2018, and
location of the WSSV positive farm (Inset shows enlarged area of the positive farm).

Figura 4. Distribucion geografica de las fincas camaroneras productivas analizadas para el virus del sindrome de la mancha
blanca (WSSV) y Enterocytozoon hepatopenaei (EHP), en el Golfo de Nicoya y el Pacifico Central de Costa Rica entre enero
2017 y julio 2018, y ubicacién de la finca positiva para WSSV (El recuadro muestra el drea ampliada de la granja positiva).

DiscussIioN

Presence of the white spot syndrome virus was detected in one (6.7 %) of the fifteen farms analyzed. This
finding is consistent with the fact that WSSV is considered endemic in Costa Rica and agrees with SENASA
records of cases of WSSV over time (SENASA, 2017). However, a low presence was found, contrary to that
reported by Morales et al. (2011), who found prevalence’s of 15-100 % between 2008 and 2009, and by
Varela and Pefia (2013), who reported 45 cases between 2012 and 2013 in Costa Rica. In contrast, another
study conducted in three shrimp producing farms in the same region during 2013-2014 found no WSSV
present using histology and PCR (Pefia and Varela, 2016). The differences in the findings could be due to the
types of studies (cross-sectional or case studies), or to the molecular techniques used. In some cases, nested
PCR can yield false negative results for farms with a low viral load, which makes it recommendable to use
more sensitive techniques such as real-time PCR (Dhar et al,, 2001).

Presence of the virus in Costa Rica can also be influenced by environmental factors such as temperature,
the shrimp physiological condition and susceptibility, as well as viral load. It has been reported that the
WSSV develops rapidly at temperatures close to 25 °C, and virus replication stops under conditions
of hyperthermia (32 °C), explaining why outbreaks occur more frequently during times when water
temperature is lower (Vidal et al,, 2001; Granja et al,, 2003; Lightner, 2011). The type of study carried out
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in the present work (cross-sectional) did not allow determining temperatures during the productive cycle,
and it is recommended to carry out longitudinal studies that investigate environmental factors that favor
increased expression of the virus (Vdzquez et al., 2016).

The sequence of the VP41B gene of WSSV amplified in the present work was similar to the sequence
detected in shrimp of Penacus monodon in Taiwan (Tsai et al., 2000) and Penaeus vannamei in Mexico
(Rodriguez-Araya et al., 2016). The complete WSSV genome has been sequenced in different parts of the
world, detecting deletions in the envelope and capsid proteins which modify the way in which the virus
interacts with its host in terms of its recognition by the host cell and the immune system, reducingits capacity
to cause mortality (Restrepo et al., 2018). For this reason, it is reccommended to determine the complete
genome sequence of the viral strain in Costa Rica, to establish if it has variations in its structural proteins.

Given that WSSV is a notifiable disease in Costa Rica, a positive pond should be isolated, and, in cases
of high animal mortality, production should be eliminated, and sanitary measures implemented (SENASA,
2005). It is also recommended to carry out a total drying of the pond during the dry season and to eliminate
mollusks, copepods and other crustaceans (Cuéllar-Anjel et al., 2014). The implementation of biosecurity
measures (disinfection of the pond with sodium hypochlorite, lime, detergents or organic compounds)
seem to be the only alternative to reduce the risk of entry and permanence of WSSV in shrimp farms
(Lightner, 2005). In Costa Rica, however, if the sizes of these shrimp are sufficient, they are sold to reduce
economic losses to producers (Cuéllar-Anjel, 2013). A limitation of the present study was that the amount
of production harvested was not determined, and therefore it was not possible to establish the effect of the
pathogen on mortality and feed conversion rate.

There were no positive results for EHP found during this investigation; however, it is necessary to increase
biosafety measures in order to reduce the possibility of entry of this infectious agent into the country. In
Latin America, the presence of EHP has been confirmed in Venezuela (Tang et al., 2017b), and it is possible
that this pathogen may appear in other countries of the region.

CONCLUSIONS

In the present study, a very low frequency of WSSV and no EHP was found in the farms, using molecular
techniques. It is recommended, to continue monitoring these agents in shrimp farms of Costa Rica.
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