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Abstract:

The isolation of the infectious pancreatic necrosis virus (IPNV) in cell culture is currently
the main diagnostic method. Although it is a reliable method, it is expensive, and the results
take three weeks. This study aimed to establish and evaluate the use of a nested PCR
(nPCR) for the rapid diagnosis of the IPNV, decreasing the diagnosis time and increasing
its sensitivity. Therefore, two pairs of primers were designed based on Mexican sequences.
The first pair (RT-PCR) amplified a 682 bp product, and the second pair (nPCR) 229 bp of
the VP2 gene. Subsequently, 70 rainbow trout fry (Oncorhynchus mykiss) were infected
with the virulent strain MEX3-CSM-05 at a dose of 1X10° TCID50/0.02 ml. From each
organism, the kidney, spleen, pyloric caeca, liver, intestine, and gills were collected. To
evaluate the tests, a total of 26 clinically healthy adult trouts from commercial farms in the
State of Mexico were used. The detection frequency of the IPNV using RT-PCR was
87.1 % in qills, 61.4 % in liver, 61.4 % in pyloric caeca, 58.6 % in kidney, 35.7 % in the
intestine, and 32.9 % in the spleen (P<0.05). RT-PCR negative samples were positive in the
nPCR. Similarly, samples from the wild trout organs were positive. In conclusion, the RT-
PCR was less sensitive than the nPCR, which showed a sensitivity of 100 %. Therefore,
nPCR is the best option for a reliable diagnosis of the IPNV in infected and sick fish.
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Introduction

The constant growth of the aquaculture industry has increased the incidence and
propagation of diseases, especially those generated by viruses due to their rapid dispersion
and high-degree of infection. The infectious pancreatic necrosis (IPN) is an acute systemic
disease that mainly affects fish from the salmonid family. It causes elevated mortality in
alevins and fry, and the surviving fish become lifelong carriers of the virus®?. The
etiological agent of the IPN belongs to the Birnaviridae family, Aquabirnavirus genus®®.
It is a non-enveloped virus, with an icosahedral-shape capsid, and an approximate diameter
of 60 nm®. Its genome consists of two segments of double-stranded ribonucleic acid
(RNA)D- The IPN virus (IPNV) has a wide antigenic and genotypic variability. Its presence
has been notified in wild and farmed salmonids in different countries around the world,
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which is why it is considered a worldwide distributed disease®”. IPN outbreaks are often
due to imports and sales of infected eyed eggs and fry®. In Mexico, this disease was
identified in the year 2000 in rainbow trout fry (Oncorhynchus mykiss) imported from the
United States of America®. In 2009, in the main national trout-cultural stations, the
national prevalence was 11.9 % and spread to 62.5 %. However, the economic impact of
the virus since its identification in 2002 to date has not been calculated®?.

Viral isolation on fish cell lines, such as Lepomis macrochirus fry fibroblasts (BF-2),
Chinook salmon embryo cells (CHSE-214), or rainbow trout gonad fibroblasts (RTG-2),
followed by its identification through immunofluorescence in apparently healthy fish, is the
suggested diagnosis by the World Organization for Animal Health(”. However, although it
is a reliable method, it is also expensive and slow; it takes at least three weeks to confirm a
negative result®12, Furthermore, this time is crucial in viral dissemination due to the rapid
dispersion in lotic currents, which can cause important economic losses®*®. There are other
viral identification tests for antigen detection, such as immunohistochemistry and ELISA
(Enzyme-linked immunosorbent assay). However, problems like the dependence on these
tests and monoclonal antibodies during importation, the autofluorescence of fish tissue, a
high viral titer, the difficulty to obtain fresh samples from fish tissue, and the cross-reaction
of antibodies frequently limit the universal and routine use of the techniques mentioned
above*19,

Therefore, several protocols have been proposed for an efficient and rapid identification of
the IPNV in infected cell cultures or tissues using the reverse transcription-polymerase
chain reaction (RT-PCR) and some of its variants'®?4. This study aimed to establish and
evaluate the use of a nested PCR (nPCR) with primers designed based on Mexican viral
sequences to diagnose the IPNV in tissues from experimentally infected trouts in
aquaculture production units; this method would decrease the diagnosis time, which would
allow implementing several IPN control strategies and prevent fish exposition in the
production units.

Material and methods

Cell line

The BF-2 cell line from Lepomis macrochirus (ATCC® CCL 91) was used to propagate the
viral MEX2-CSM-05 strain®). The BF-2 cell line was cultured at 20 °C in Leibovitz’s L-
15 medium (In vitro, Mexico) supplemented with 10 % fetal bovine serum (FBS) (Biowest,
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Mexico), 100 IU/ml of penicillin, 100ug/ml of streptomycin, and 0.25 pg/ml of
amphotericin B (In vitro, Mexico).

Virus

The MEX2-CSM-05 viral strain reported by Salgado-Miranda et al® was propagated in
confluent monolayers of the BF-2 cell line at 15 °C in Leibovitz’s L-15 medium (In vitro,
Mexico) supplemented with 2 % fetal bovine serum (FBS) (Biowest, Mexico). At 72 h
post-infection, the monolayer showed signs of cytopathic effect (CPE), which consists of a
gradual loss of the monolayer and rounding of infected cells. Hence, culture flasks were
frozen at -20 °C and thawed twice. Subsequently, the cell suspension was collected and
centrifuged at 1,200 xg for 15 min at 4 °C(") to obtain the supernatant, from which the viral
titer (Tissue Culture Infectious Dose, TCID) was determined by the Reed and Muench
method.

Trouts

For the experimental study, 100 rainbow trout fry (O. mykiss) were acquired from the
Aquaculture Center ElI Zarco of the Comision Nacional de Acuacultura y Pesca
(CONAPESCA). Fry had an average size of 3 cm, an average weight of 1 g, and 480
degrees-days (value obtained by multiplying the age in days by the average of temperature
in Celsius degrees during the shelf life)?®®. To evaluate the test, a total of 26 clinically
healthy adult rainbow trouts (O. mykiss) were acquired from commercial farms in the
Estado de México [State of Mexico]. The clinical evaluation of fish consisted of studying
their behavior, as well as their external appearance; the species showed normal
countercurrent swimming patterns, where it responds to noises and stimuli (escape
response). The color of the fish was normal, greenish-yellow; fish had a white belly and
black dots on their back and fins. Their skin was soft, without bruises, and with intact fins.
Before starting the experiment, the health status of the fish was evaluated using ten
organisms from the aquaculture center. The presence of bacteria, parasites, and the IPNV
was determined by isolation and PCR in the Aquaculture Health Laboratory of the Centro
de Investigacion y Estudios Avanzados en Salud Animal [Animal Health Research and
Advanced Studies Center] of the Universidad Autonoma del Estado de México; results
were negative for bacteria, parasites, and the IPNV. Therefore, the use of clinically healthy
animals for the experiment was assured. In trouts from the commercial production units of
Estado de México, only the behavior and external appearance evaluation was performed
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since they were used to evaluate the nested PCR for the detection of the IPNV. The fish
were kept in polypropylene tanks with 60 L of recirculating water, with a photoperiod of 12
h of light/ 12 h of darkness and temperature between 14-17 °C. Fish were fed with a
commercial product, supplying 3 % of their total biomass per day.

Experimental infection with the IPNV

From the 100 rainbow trouts acquired from the Aquaculture Center, 70 were inoculated
intraperitoneally with 1X10°8 TCID 50/0.02 ml of the MEX3-CSM-05 viral strain. The 30
remaining organisms were kept in a different tank as a negative control for the tissue
detection of the IPNV using the nPCR. After inoculation, daily clinical examinations were
performed to identify and monitor the course of the disease with the clinical signs, which
included decreased appetite, anorexia, hyperpigmentation, abdominal distension, moderate
exophthalmos, and erratic spiral swimming. When the fish showed very advanced clinical
signs, they were euthanized by overexposure to anesthesia with tricaine methanesulfonate
(MS-222) (Sigma-Aldrich, 886-86-2, USA) at a concentration of 50 ug/ml®@"). After
euthanasia, the following organs were collected and preserved at -80 °C: kidney, spleen,
pyloric caeca, liver, intestine, and gills. Additionally, and on the same dates, two trouts
from the negative control tank were euthanized every day to collect the organs mentioned
above.

The fish from the commercial production units of Estado de México, upon their arrival to
the laboratory, were euthanized to collect their organs. All the procedures that involved the
handling of animals were performed according to the guidelines established by the
Bioethics Committee for the care and reasonable use of experimental animals in research
projects (Authorization number: CBCURAE-006) in the Centro Nacional de Investigacion
Disciplinaria en Salud Animal e Inocuidad of the Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias, where all procedures were performed.

RNA extraction and cDNA synthesis

Organs were macerated and homogenized with sterile phosphate-buffered saline (PBS) at a
pH of 7.2, from this mixture, 250 ul were taken for total RNA extraction with Trizol
(Invitrogen, 15596018, USA), following the manufacturer’s instructions. The RNA was
resuspended in DNase- and RNase-free water. The synthesis of the cDNA was performed
using the M-MLV Reverse Transcriptase kit, oligo (dT)12-18 (0.5ug/ul) (Invitrogen, USA).
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The RNA was incubated with 1 ul of the oligo (dT)12-18 (0.5 pg/ul) and 1ul of 10 mM
dinucleotide triphosphates (ANTP) for 5 min at 65 °C. After incubation, 4 ul of 5X first
strand buffer, 1 ul of 0.1 M dithiothreitol (DTT), and 1 ul of MML-V Reverse
Transcriptase were added to the mixture, which was incubated for 1 h at 50 °C.
Subsequently, the reaction was inactivated at 70 °C for 15 min and stored at -20 °C until
use.

Primers

Table 1 shows the primers used in this study to detect a fragment of the VP2 gene of the
IPNV and the EF-a constitutive genet%2), The primers were synthesized at the Instituto de
Biotecnologia of the Universidad Nacional Autonoma de México (Cuernavaca, Morelos,
Mexico).

Table 1: Sequence of primers used to detect the VP2 gene of the IPNV and the EF-a
constitutive gene.

. Bank .
Sequence Position GenBan Size (bp) Ta
access no.
For 5> CCGAATCAGGAAGTGGMMTTCTTG 3° 137-160
RT-PCR 689 60°
Rev 5> GTGACCACKGGGACGTCATTGTC 3’ 796-818
For 5> TCACCGTCCTGAATCTACCAAC 3’ 482-503
nPCR 229 65°
Rev 5> GTTGTGGAGTTSACGATGTCSGC 3’ 688-710
For -5 'GATCCAGAAGGAGGTCACCA 3' 561-583
EF-a AF498320 150 55°
Rev -5' TTACGTTCGACCTTCCATCC 3' 694-713

Ta= annealing temperature; bp= base pairs.

PCR and nPCR

To amplify all the PCR products we used the Dream Tag DNA Polymerase kit (Thermo
Scientific, USA), reactions were prepared with a final concentration of 2 mM of MgCly, 0.2
mM of dNTPs Mix, 0.2 mM of each of the previously described primers (forward and
reverse), 5 ul of the cDNA of each sample, and 1.25 U of DNA polymerase. The PCR
amplification was performed under the following conditions: initial denaturation at 95 °C
for 1 min, followed by 35 denaturation cycles at 95 °C for 30 s, annealing at 60 °C for 30 s,
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and extension at 72 °C for 30 s, with a final extension at 72 °C for 7 min. Subsequently, the
template used for the nPCR was the product from the previous PCR; this amplification
occurred under the same conditions, except that the annealing temperature was 65 °C. The
PCR and nPCR products were analyzed by electrophoresis in a 1 % agarose gel in TAE (40
mM Tris, 20 mM acetic acid, and 2 mM EDTA) buffer, stained with GelRed (Biotium,
USA), and visualized in a Quantity One 1-D Analysis System (Bio-Rad, USA).

Statistical analysis

The frequency of RT-PCR and nPCR positive organs of experimentally infected trouts was
analyzed in contingency tables and using a Ji-squared test®®. Additionally, for each test, we
evaluated the sensitivity and specificity (Table 2). The proportion of RT-PCR positive
samples in each organ was compared with the Tukey-type multiple comparison test with
angular transformation, where a statistical significance of P<0.05 was considered®,

Table 2: Generation of cells with which the sensitivity and specificity calculations are
performed
Fish health status

Infected Halthy
True positives False
Positive Sensibility = TP / (TP+FN)
(TP) positives (FP)
Molecular Specificity =TN / (FP+TN)
True
assay False negatives
Negative negatives
(FN)
(TN)
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Results

The experimentally infected trouts started to show clinical signs of IPN from d 7 and until d
11 post-inoculation (pi) (Table 3). Mortality was observed from d 7 pi, reaching 100 % on d
11 pi. The main findings at necropsy in inoculated trouts were an empty stomach, pale
liver, and mucus in the intestine, while the trouts from the production units were clinically
healthy and without injury at necropsy.

Table 3: Kinetics of the appearance of clinical signs in rainbow trouts experimentally
inoculated with the MEX2-CSM-05 strain

Post-challenge day  Description of clinical signs

1-6 No clinical signs were observed.

Anorexia, hyperpigmentation, decreased appetite, abdominal
7 distension, moderate exophthalmos, erratic spiral swimming in
some trouts.

Increased number of trouts with erratic spiral swimming,
hyperpigmentation, anorexia, abdominal distension.

Increased number of trouts with erratic spiral swimming,
9 hyperpigmentation, anorexia, abdominal distension. Some
organisms only remained at the bottom.
Erratic spiral swimming, hyperpigmentation, anorexia, abdominal

10 . .
distension.

1 Erratic spiral swimming, hyperpigmentation, anorexia, abdominal
distension.

The results obtained from the RT-PCR in the different organs of experimentally inoculated
trouts allowed the detection of the IPNV in different proportions. The organs with the
highest frequency of viral detection were gills (87.1 %), liver (61.4 %), pyloric caeca
(61.4 %), and kidney (58.6 %) (P<0.05). Moreover, the organs with the lowest frequency of
viral detection were the intestine (35.7 %) and spleen (32.9 %) (Table 4) (P<0.05).
However, in these last samples, the nPCR detected a product of 229 bp, previously
confirmed by sequentiation to belong to the IPNV. The organs from the trouts in the control
tank were negative to the nPCR amplification.
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Table 4: Detection by RT-PCR and nPCR of the VP2 gene of the IPNV in the organs of
rainbow trouts inoculated with the MEX2-CSM-05 strain

RT-PCR nPCR
Organ " —

Positive samples % Positive samples %
Kidney 41/70 58.6 29/70 41.4
Liver 43/70 61.4 27170 38.6
Pyloric caeca 43/70 61.4 27170 38.6
Intestine 25/70 35.7 45/70 64.3
Gills 61/70 87.1 9/70 12.9
Spleen 23/70 32.9 47170 67.1

Based on the previous results, the RT-PCR was less sensitive than the nPCR in each of the
analyzed organs (Table 5); however, its specificity was of 100 %. The nPCR showed a
sensitivity and specificity of 100 %. Trout organs from the commercial production units in
Estado de México showed positive results only with the nPCR, the frequency of detection
was 100 %.

Table 5: RT-PCR sensitivity

Organ Sensitivity (%) (CI) Specificity (%)
Kidney 58.6 (47.0, 70.1) 100
Liver 61.4 (50.0, 72.8) 100
Pyloric caeca 61.4 (50.0, 72.8) 100
Intestine 35.7 (24.5, 46.9) 100
Gills 87.1(79.3, 95.0) 100
Spleen 32.9 (21.9, 43.9) 100

Cl= 95 % confidence intervals.

Discussion

Currently, the diagnosis of several fish diseases uses fast, sensitive, and specific molecular
techniques; this has allowed the timely detection of a large number of infectious agents.
Therefore, prevention and control measures for many diseases have been developed,
implemented, and improved.

Since its first detection in the Salvenilus fontinalis trout, the IPNV has been identified in a

wide variety of fish and invertebrate species, but with significant impact in the salmonids
distributed worldwide®®3Y. Although evidence shows that the virus is currently present in
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almost all of the trout productive States in the country®?, the reported clinical disease cases
are few; this may be because the Mexican isolates of the IPNV are related to the VR-299
strain from the USA, initially reported by Ortega et al®, which is considered of low
virulence®), Therefore, for this study, two pairs of specific primers were designed to detect
the Mexican strains of the IPNV that circulate in the country and the reference strain Sp®9;
since, due to the antigenic variability of this virus, it has been shown that the primers that
recognize strains from other parts of the world do not recognize the strains currently
circulating in the country®t34),

Recently, molecular techniques, such as the PCR, have been widely used to detect fish
viruses®3%, The RT-PCR has been applied to detect the IPNV due to its precision, speed,
and high sensitivity®®1%2139  This technique can specifically detect the viral genome
without previous isolation of the virus; this was conducted in Iran, where a RT-PCR
confirmed the presence of the IPNV for the first time in rainbow trout farms in the Fars
province, this isolate is similar to the Ab strain®®.

The use of the RT-PCR has been described for the detection of the IPNV genome in cell
cultures, experimentally inoculated fish, and naturally infected fish, crustaceans, and
mollusks®®. The IPNV infection is lethal in young salmonids, although this virus can be
isolated in different organs of infected fish at all ages™®. In this study, the nPCR efficiently
detected a fragment of the genome of the IPNV in rainbow trout fry and in the trouts from
commercial farms, which are heavier and older.

Although the isolation of aquatic birnaviruses in apparently healthy species is common, it
has been shown that the IPNV infection may not be detected even when the samples have
been examined by cell culture®3), Several studies showed that the RT-PCR was more
sensitive than cell culture isolation for the detection of the IPNV®®). The real-time RT-PCR
is slightly more sensitive than viral isolation in cell culture; the OIE recommends the latter
to detect the IPNV in carrier fish, which have low viral concentrations in kidneys, which
can limit its detection by viral isolation(6:39),

According to Milne et al®®, fish with advanced signs of IPNV infection have relatively
high viral titers. Therefore, the use of an end-point RT-PCR as a qualitative molecular
technique could facilitate viral genome detection. However, in this study, the RT-PCR
assay detected a fragment of the IPNV genome in a percentage of the experimentally
infected fish, depending on the evaluated organ. However, the RT-PCR negative samples
turned out to be positive with the nPCR assay, which had an increased sensitivity of 100 %.
The same was observed in the samples from apparently healthy juvenile trouts from
commercial production units; these samples were positive using the nPCR; this could be
explained by the frequently low concentration of viral particles in asymptomatic carriers,
which difficult viral detection by RT-PCR®?),
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In this study, the results obtained in adult fish determined that the studied animals could be
healthy carriers; this happens when the fish survive the infection by the IPNV and continue
with their productive cycle, contributing to the vertical transmission of the virus through
ova or semen. These asymptomatic carriers may show no apparent clinical signs or
pathological changes“>*); and, depending on the progression of the disease over time and
the immune response of each specimen, macro or microscopic changes may not be
observed in the different fish organs. However, the persistently IPNV infected salmonids
are a potential source of disease spread and potentially detectable by PCR. It is important to
emphasize that it is very likely that the detected IPNV cases detected using the nPCR are
related to the low virulence strains, and, therefore, cause no significant harm to the trout
production. However, the potential risk of introducing and spreading other IPNV strains
could also result from the eyed egg importation from the USA and other European, African,
and South American countries®. For this reason, the proposed nPCR in this study is of
great importance for early, rapid, and reliable detection.

The high sensitivity of this type of PCR has been demonstrated in numerous studies. A
sensitivity of up to 10 pg has been detected in purified RNA samples from salmonid
isolates®¥. Lopez-Lastra et al® developed a nPCR to detect up to 1 pg of the IPNV in
asymptomatic carriers from field samples. Suzuki et al®” developed a nPCR using a pair of
primers based in the detection of the VP2/NS gene junction region of aquatic birnaviruses
with a sensitivity of 1 fg (femtogram) of viral genome in the sample.

The nPCR increases the specificity and reduces the detection of false positives when the
second pair of primers amplifies only if the first pair generated the expected DNA
fragment®1:3442) Another advantage of the proposed nPCR is the viral detection in the
infected tissues without the need to isolate the virus in cell culture, as, although it is
considered a reference test for diagnosis, it is a technique that is limited to laboratories with
professionals trained in the use of cell lines, the necessary equipment for their maintenance
and incubation, and the identification of the cytopathic effect(®.

Other variants of PCR and testing have been proposed, but their adoption depends on the
equipment available in the laboratories. For example, Rodriguez et al® compared six
diagnostic methods for the IPNV and found that the RT-PCR and flow cytometry were the
most adequate and sensitive methods for routine detection of the IPNV. A different study@®
reported a low sensitivity (43 %) using RT-PCR; therefore, they used a short cell culture
incubation protocol as a complementary technique, in addition to a multiplex PCR with
three pairs of primers in one reaction to increase the probability to identify all the serotypes
of the IPNV serogroup A and prevent a false negative result. Even though other molecular
techniques have been proposed for a rapid and high sensitivity diagnosis, like the real-time
RT-PCR and the RT-LAMP (Loop-mediated isothermal amplification), these require
specialized equipment and training in designing primers and interpreting results®42), In
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Mexico, the diagnosis of the IPNV is mainly made by viral isolation in cell culture and the
detection of the viral genome by end-point RT-PCR, this technique is performed in most of
the laboratories conventionally.

Moreover, the detection of the IPNV in the different organs analyzed in this study confirms
the wide spread of the virus. Usually, the organs recommended for the detection of the
IPNV in cell culture are kidney, liver, spleen, and the ovarian fluid of broodfish or the
entire alevin®. However, the main target organ for propagation is the kidney, where the
virus persists®?. Unlike the kidney, other target organs for viral detection are pancreas,
intestine, liver, and gills. The pancreas is anatomically diffuse between the pyloric caeca,
and it develops severe necrosis. The intestine develops an acute enteritis characterized by
the necrosis of cells and glands in the digestive tract, which is responsible for the
elimination of the virus in the feces and mucus that it produces®. In the liver, the IPNV
induces apoptosis markers, also found in the intestine and pancreas, that correspond to the
viral accumulation and pathological changes in the tissue“>*4. Finally, the gills, which are
responsible for oxygen exchange, may appear pale due to the degenerative and necrotic
damage to the epithelium. In this study, the organs with the highest viral frequency of
detection were the pyloric caeca, intestine, and gills, which, as mentioned before, have been
identified as target organs for the early detection of the disease, since they are sites of early
viral propagation®),

Conclusions and implications

The nPCR with the primers developed for the identification of Mexican isolates is useful
for the diagnosis of the IPNV, not only in clinically infected fish but also to detect infected
fish without clinical signs. Furthermore, this study suggests the use of this method to
confirm an outbreak of IPN in a production unit. If necessary, viral isolation,
histopathological, or immunohistochemical studies are recommended in suspected or nPCR
positive cases.
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