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			Abstract

			Costa Rica gained its Newcastle Disease Virus NDV-free status with vaccination according to OIE proceedings in 1996, and its declaration as a country free of the velogenic, viscerotropic form of this disease (G/SPS/GEN/119) presented to the World Trade Organization (WTO) in 1999. On April 24th, 2015, SENASA (National Animal Health Service) attended a velogenic Newcastle disease outbreak that affected backyard chickens in a small town (Bellavista, Guanacaste) in the northern part of the country, near the Nicaraguan border. Sixty-five backyard birds died from a total of 84 exposed animals. Blood samples, cloacal swabs, tracheal swabs, cecal tonsils, lung and trachea tissues were collected for diagnosis at the National Veterinary Services Laboratory (LANASEVE). These samples were screened for Avian Influenza (AIV) and NDV. All samples were negative for Avian Influenza in ELISA test and RT-PCR. Serum samples were positive for NDV antibody by hemagglutination inhibition test, and tissue and swab samples were positive for NDV by conventional RT-qPCR targeting a 310 bp fragment of the virus fusion protein gene. The amino acid sequence of the protease cleavage site within the amplicon matched the sequence of a virulent strain (112RRQKRF117). The nucleotide sequence had a 98.7% identity and an e value of 4e-153 with a genotype V velogenic sequence from Belize (KF767467) and Honduras (JN872194) collected in 2008 and 2007, respectively, according to BLASTN. A total of 3604 backyard birds were euthanized in town and its surroundings (1 km), including 3495 chickens, 66 turkeys, 6 geese, and 37 ducks. The case was considered resolved, and OIE was notified in November 2015 following OIE guidelines. In April 2017, Costa Rica recovered its disease-free status through executive decree No. 40301-MAG.
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			Resumen

			Costa Rica obtuvo su estatus libre del virus de la enfermedad de Newcastle (NDV) con vacunación de acuerdo con los procedimientos de la OIE en 1996 y la declaración como país libre de la forma viscerotrópica velogénica de esta enfermedad (G / SPS / GEN / 119) presentada a la Organización Mundial del Comercio (OMC) en 1999. El 24 de abril de 2015, el SENASA (Servicio Nacional de Salud Animal) atendió un brote de la enfermedad de Newcastle que afectó a gallinas de traspatio en un pequeño pueblo (Bellavista, Guanacaste), en la parte norte del país, cerca de la frontera con Nicaragua. Se reportaron sesenta y cinco aves de traspatio muertas, de un total de 84 animales expuestos. Se recolectaron muestras de sangre, hisopos cloacales y traqueales, tejidos de tonsilas cecales, pulmones y tráquea para realizar el diagnóstico en el Laboratorio Nacional de Servicios Veterinarios (LANASEVE). Estas muestras se analizaron para detectar influenza aviar (AIV) y NDV. Todas las muestras fueron negativas a influenza aviar por ELISA y RT-qPCR. Las muestras de suero fueron positivas a anticuerpos por la prueba de inhibición de la hemaglutinación y las de tejido e hisopados fueron positivas para NDV, mediante RT-PCR convencional para un fragmento de 310 pb del gen de la proteína de fusión del virus. La secuencia de aminoácidos del sitio de escisión de la proteasa dentro del amplicón coincidió con la secuencia de una cepa virulenta (112RRQKRF117). La secuencia de nucleótidos presentó un 98,7% de identidad y un valor e de 4e-153 con una secuencia velogénica de genotipo V de Belice (KF767467)  y Honduras (JN872194) recolectadas en 2008 y 2007, respectivamente según BLASTN. Un total de 3604 aves de traspatio en el pueblo y sus alrededores (1 km) fueron eliminadas, 3495 pollos, 66 pavos, 6 gansos y 37 patos. El caso se consideró resuelto y se notificó a la OIE en noviembre de 2015, siguiendo las directrices de la OIE. En abril de 2017, Costa Rica recuperó su estatus libre de enfermedad mediante la promulgación del decreto ejecutivo No. 40301-MAG.
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			Resumo

			A Costa Rica obteve seu status livre do vírus da doença de Newcastle (DNC) com a vacinação de acordo com os procedimentos da OIE em 1996 e a declaração como livre da forma viscerotrópica e velogênica desta doença (G/SPS/GEN/119) submetida à Organização Mundial do Comércio (OMC) em 1999. Em 24 de abril de 2015, o SENASA (Serviço Nacional de Saúde Animal) respondeu a um surto da doença de Newcastle que afetou galinhas de fundo de quintal em um pequeno povoado (Bellavista, Guanacaste), no norte do país, perto da fronteira com a Nicarágua. Sessenta e cinco aves de quintal mortas foram relatadas, de um total de 84 animais expostos. Amostras de sangue, swabs cloacais e traqueais, tecidos de amígdalas cecais, pulmões e traquéia foram coletados para o diagnóstico no Laboratório Nacional de Serviços Veterinários (LANASEVE). Essas amostras foram testadas para influenza aviária (IA) e DNC. Todas as amostras foram negativas para influenza aviária por ELISA e RT-qPCR. As amostras de soro foram positivas para anticorpos pelo teste de inibição da hemaglutinação e os tecidos e swabs foram positivos para DNC, usando RT-PCR convencional para um fragmento de 310 pb do gene da proteína de fusão do vírus. A sequência de aminoácidos do local de clivagem da protease dentro do amplicon correspondia à sequência de uma cepa virulenta (112RRQKRF117). A sequência nucleotídica apresentou 98,7% de identidade e um valor e de 4e-153 com uma sequência velogênica genótipo V de Belize (KF767467) e Honduras (JN872194) coletada em 2008 e 2007, respectivamente de acordo com o BLASTN. Um total de 3.604 aves de fundo de quintal dentro e ao redor do povoado (1 km) foram abatidas, 3.495 galinhas, 66 perus, 6 gansos e 37 patos. O caso foi considerado resolvido e notificado à OIE em novembro de 2015, seguindo as orientações da OIE. Em abril de 2017, a Costa Rica recuperou seu status de livre de doenças por meio da promulgação do decreto executivo nº 40301-MAG.
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			Introduction

			Avian orthoavulavirus 1, also known as Newcastle disease virus (NDV), is the etiological agent of a highly contagious viral disease, responsible for significant economic losses in the poultry industry. Many factors should be considered in NDV dissemination, such as lack of farm biosecurity procedures, wild bird population reservoirs, and free movement of migratory birds, people, and animals across borders (Zanetti et al., 2005).

			NDV severity varies widely from asymptomatic enteric, lentogenic, and mesogenic to velogenic with neurotropic and viscerotropic variants (Cattoli et al., 2011). Based on genome length and phylogenetic relationships, NDV isolates are classified into two major groups: class I and class II (Miller et al., 2010; Susta, Hamal, Miller, Cardenas-Garcia, et al., 2014). Class I viruses are divided into IX genotypes, which are genetically less diverse with worldwide distribution, are isolated mainly from waterfowl and shorebirds, and are less virulent strains (Dimitrov et al. 2016), except for a single isolate from the Republic of Ireland in 1990 (Diel et al., 2012; Miller et al., 2015).

			Class II viruses are both virulent and nonvirulent and infect poultry, pets, and waterfowl birds (Miller et al., 2010; Susta, Hamal, Miller, Cardenas-Garcia, et al., 2014). Class II viruses have been divided into XXI genotypes (Abd Elfatah et al., 2021; Diel et al., 2012; Dimitrov, Abolnik, et al., 2019).

			Within class II, genotypes V, VI, VII, and VIII are the most predominant genotypes worldwide (Miller et al., 2009, 2010). Genotype VII viruses are particularly important given the fact that they have been associated with many outbreaks in South America, Asia, Africa, and the Middle East (F. Perozo et al., 2012).

			Genotype V can be divided into three sub-genotypes: Va, Vb, and Vc. Sub-genotype Va includes isolates from the United States (US) and Canada, sampled from cormorants and other wild birds such as gulls and pelicans (A. F. Perozo et al., 2008). In Mexico and Central America, the most commonly isolated strains belong to the assigned NDV sub-genotype Vb (Susta, Hamal, Miller, Cardenas-Garcia, et al., 2014).

			Newcastle disease (ND) is an OIE-notifiable disease and notification of an outbreak in the whole country is mandatory. According to OIE, “A country, zone or compartment may be considered free from Newcastle disease when it has been shown that NDV infection in poultry has not been present in the country, zone or compartment for the last 12 months…” However, if “the infection has occurred in poultry in a free country, zone or compartment, ND free status can be regained three months after a stamping-out policy… is applied, providing that surveillance… has been carried out during that three-month period.”  Costa Rica gained its NDV-free status with vaccination according to OIE procedures in 1996 and its declaration as a country free of the velogenic, viscerotropic form of this disease (G/SPS/GEN/119) presented to the World Trade Organization (WTO) in 1999. Non-pathogenic NDV strains had been isolated in Costa Rica since a virulent ND outbreak had been reported in 1990 (Veterinary Services, 2019), and no evidence of virulent Newcastle viruses was circulating in the country until April 22th, 2015, when the regional office of SENASA in Liberia, Guanacaste received a phone call from a backyard chicken owner reporting high morbidity and high mortality in her birds. As part of a passive surveillance and attended by SENASA, the outbreak took place in a remote little rural town named Bellavista, located 83.3 km north of Liberia, near the Nicaraguan border. Sixty-five backyard birds died from a total of 84 unvaccinated exposed animals. The present study aims to report the molecular characterization of a virulent strain of Newcastle disease virus reported in those backyard birds in Costa Rica in 2015.

			Materials and methods

			Collected samples

			The information was collected in situ on April 24th, 2015. The outbreak date was estimated to be February 1st, 80 days before the call was received by SENASA’s regional office in Liberia.  The epidemic case was located in Bellavista, Santa Cecilia District, in La Cruz, Guanacaste (11°06’22.0”N 85°20’41.7”W) (Figure 1a). During the visit, the surviving chickens showed respiratory symptoms including cough, swollen head, and watery eyes (Figure 1b), 15 animals were euthanized, and the following samples were taken: 15 serum samples, three pools of 5 samples each of tracheal and cloacal swabs, as well as lungs, trachea, and cecal tonsil tissues. Samples were sent to the National Veterinary Services Laboratory (LANASEVE).
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			Serological and RT-PCR tests

			Serum samples from individuals were analyzed with ID Screen® Influenza A Antibody Competition Multi-species (IDvet, Montpellier, France) ELISA kit, and the Hemagglutinin Inhibition test (HI) was used to detect antibody titers against NDV in sera diluted from 1:8 to 1:1024.  HI test was carried out with 4 hemagglutination units (HAU). 

			For the molecular diagnostics, the samples were extracted with the DNeasy Blood and tissue method (Qiagen, Hilden, Germany Cat number 69506) following the manufacturer’s protocol.  A real-time RT-qPCR protocol from the National Veterinary Services Laboratories (NVSL, USDA) was used to detect AIV, targeting the matrix gene (Spackman et al., 2002). Primers used for the matrix gene amplification (influenza virus type A) were: forward M+25 5’-agatgagtcttctaaccgaggtcg-3’, reverse M-124 and 5’-tgcaaaaacatcttcaagtctg-3’ and M-124 SIV, 5’-tgcaaagacactttccagtctctg-3’, at a final concentration of 0.4 μM, M+64 probe 5’-FAM-tcaggccccctcaaagccga-BHQ-1-3’, at a final concentration of 0.12 μM. While a conventional RT-PCR (Stäuber et al., 1995) reverse transcription-polymerase chain reaction (RT-PCR was used for NDV, forward primer 5’-gtcaacatatacacctcatc-3’ and reverse 5’-ggaggatgttggcagcatt-3’, amplifying a 310 bp of the fusion gene region. In both cases, RT-PCRs were adapted to 12.5 µl of reaction using a OneStep RT-PCR Kit  (Cat number 210212, Qiagen, Hilden, Germany). NDV RT-PCR concentrations were dNTPs 0.4 µM, RNAse inhibitor 0.04U/µl, buffer OneStep and OneStep Rt-PCR enzyme 1x; both primers were mixed at 0.5 µM, and 2.5 µl of the extracted sample. For Avian Influenza virus (AIV), the reagent concentrations were dNTPs 0.32 µM, RNAse inhibitor 0.04U/µl, buffer OneStep and OneStep RT-PCR enzyme 1X, plus 1.25 mM of MgCl2, primers were at 0.4 µM, and probe at 0.12 µM, and 7.5 µl of the extracted sample; in both RT-PCR the final reaction volume was 12.5 µl.  The retrotranscription step cycles were 50 ºC for 30 min, 95 ºC for 15 min, for both viruses followed by 40 cycles at 95 ºC for 15 sec, 57 ºC for 30 sec and 20 sec at 72 ºC and a final extension at 72 ºC for 5 min and kept at 4 °C for NDV. The amplification program for AIV was 40 cycles at 94 ºC for 1 sec and 60 ºC for 31 sec.

			Sequencing

			All NDV-positive samples were bidirectionally sequenced to confirm the result. PCR products were purified from agarose gel with a QIAquick gel extraction kit (Cat. Number 28704 Qiagen Hilden, Germany) following the manufacturer’s instructions. Sequencing reactions were performed with a BigDye® Terminator cycle sequencing kit v٣.١ (Applied Biosystems, Foster City, CA, USA) using the same primers from the RT-PCR assay at a concentration of ٠.١ µM and 10 µl of purified PCR products, between 15-25 ng/µl in a 20 µl volume reaction. The sequencing products were purified with BigDye XTerminator™ Purification Kit (Applied Biosystems) and subsequently analyzed with an ABI 3130 genetic analyzer (Applied Biosystems).

			The following program was used at 96 ° C for 2 min and 30 cycles of 96 ° C for 10 sec, 50 °C for 5 sec, 60 °C for 4 min, and kept at 4 ° C.

			Phylogenetic analysis

			A total of 32 NDV sequences from class II, genotypes V and VI were downloaded from Genbank/ DDBJ /EMBL and were aligned with the Bellavista sequence using Bioedit v7.2 (Hall, 1999). A preliminary tree was generated to determine the temporal signal with IQ-TREE v 1.6.1 (Nguyen et al., 2015) and then analyzed with TempEst (Rambaut et al., 2016). A BEAUti XML file was designed with the following parameters, the general time reversible model with empirical base frequencies (GTR+F) considered the BEAST substitution model according to IQ-TREE; the uncorrelated relaxed clock model was chosen (using marginal likelihood estimation (MLE) path sampling (PS) with 100 steps and 1 million chains and Bayes factor approaches) (Baele et al., 2013); and finally the coalescent constant size model tree was selected. A tree was generated with 30 million iterations using the Monte Carlo Markov chains (MCMC) method in BEAST1.10  (Suchard et al., 2018).

			The Maximum Clade Credibility (MCC) tree was created using TreeAnnotator (Bouckaert et al., 2019).

			Results

			Serology tests

			No antibodies were detected against the AIV virus using the ID Screen® ELISA kit. The haemagglutination inhibition test (HI) showed a titer range of antibodies against NDV from negative to 1024. From the 15 serum samples received, 13 had titers above 1:16 HAU, which are considered positive, ranging from 1:256 to 1:1024.

			Molecular tests

			All samples were negative for the Avian influenza virus (AIV). However, lungs, tracheae tissue, and cloacal and tracheal swab samples and their 1:10 dilutions were positive for NDV (Figure 2a).

			The NDV sequences obtained were identical and the 310 bp sequence was deposited in the Genbank database under the accession number OL601517. The amino acid sequence of the protease cleavage site within the amplicon matched a virulent strain pattern (112RRQKRF117) (Figure 2b).
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			According to BLASTN (Agarwala et al., 2018) the Bellavista nucleotide sequence had a 98.7% identity and an e value of 2e-152 with genotype V velogenic sequences from Belize (KF767467, JN942045, KF767466, MK214318, MH392217) and Honduras (JN872194), which were collected in 2008 and 2007, respectively.

			Figure 3 shows the tree built with the BEAST software. The Effective Sample Size (ESS) for all parameters was greater than 751, which indicates that the model has converged.
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			Phylogenetic analysis

			The phylogenetic analysis depicted the relationship among the selected sequences as well as the time of the most recent common ancestor (TMRCA) in the nodes.  The tree from Figure 3 shows the posterior value in the branches. According to the sequences available from Central America, Mexico, USA, Canada, and Argentina, which were deposited in Genbank/ DDBJ /EMBL, the common ancestor that originated the Bellavista-2015 (OL601517), Belize-2008, Honduras-2007, and USA-2018 sequences (98.71% to 96-77% identity with Costa Rican sequence), dated from 2003 high posterior density (HPD) interval 95% (1955-2006). These sequences share a common ancestor with two sequences from the USA collected in 2002, and with the sequence EU518677 from Mexico-2000, which has a 98.06% identity with the virulent Costa Rican sequence; the TMRCA among these sequences was 1990 (95% HPD 1984-1994) with a 0.87 probability that this ancestor came from the USA. All these sequences are classified as genotype Vb. 

			If the sequences from 2000-2001 isolated in Honduras and Nicaragua, respectively, are included with the rest of the Central American sequences, the TMRCA of these sequences is 1982, 95% HPD (1975-1990), and their probability of coming from the USA is 0.88, the probability that the sequences belonging to genotype Vb came from the USA is indeed 1.0. Considering these results and the sequences analyzed here, NDV ancestors of genotype Vb related to Central American and Mexican outbreaks could have been circulating in the USA since 1976 with 95% HPD (1971-1980) and then spread to these countries. 

			Discussion

			Given the susceptibility of backyard birds to acquire viral infections by the exotic Newcastle disease virus, the lack of vaccines against this disease and of biosecurity measures, birds smuggling, and the greater exposure of backyard birds to wild birds, SENASA maintains active and passive surveillance in backyard poultry farms throughout the year in the areas of greater epidemiological risk. SENASA has selected geographic areas that are considered to be at greater risk due to their proximity to national parks, biological reserves, coastal areas, borders, areas of high poultry density, as well as points of entry for people and goods into the national territory, such as ports and airports. In addition, through newsletters and informational brochures, SENASA constantly motivates veterinarians and bird owners in general to report any symptoms compatible with exotic NDV according to Executive Decree No. 34669-MAG, List of notifiable animal diseases. Once a notification of a suspected case is received, it is investigated and attended by the SENASA staff responsible for the affected area, documenting the collection of diagnostic samples, as well as the sanitary measures implemented while waiting for the results of the National Veterinary Services Laboratory (LANASEVE). As a result of the NDV surveillance program in commercial and backyard birds in Costa Rica, Lentogenic strains of NDV have been isolated in SPF embryonic eggs and sequenced since 2007 (León-Rodríguez et al., 2009), detecting only the vaccine strains La Sota and B1 (genotype II), and PHY-LMV42 (genotype Ia). It was not until 2015 when a virulent strain was diagnozed in backyard chickens near the Nicaraguan border.

			The symptoms shown by the infected birds in the town of Bellavista, the lethality rate calculated at 77%, and the 95% morbidity were not compatible with ND or highly pathogenic avian influenza (HPAI) or even other etiologies; for this reason, a rapid and accurate diagnosis was crucial.

			Serological tests (first results obtained) showed high titers of antibodies against NDV in most of the analyzed samples, which is relevant since the birds were not vaccinated. No presence of antibodies to AIV was detected. In Costa Rica, no antibodies against the influenza virus were detected in 151 backyard chickens from 13 flocks during three separate periods in July 2005, November 2005, and February 2007 (Hernandez-Divers et al., 2008). Unfortunately, no other studies have been done in the country on poultry, either backyard or wild birds.

			The positive ND serological result was supported by molecular tests, which confirmed the absence of AIV by real-time RT-PCR and the presence of NDV by conventional RT-PCR. The NDVconventional RT-PCR assay can detect between 5 x 102 EID50 in live vaccine preparations and 105 EID50 or 0.056 haemagglutinating units of NDV in the inactivated vaccine (Stäuber et al., 1995). These results were confirmed by the sequencing process as a virulent strain belonging to genotype Vb.

			From 2005 to 2021, there have been 30 ND outbreaks in the area, 9 in Mexico and 21 in Central America, including the one from Costa Rica in 2015 and 5 in Nicaragua, which were reported in 2011, 2012, 2013, 2015, and 2016 (Table 1S).

			Based on the phylogenetic analysis, the velogenic NDV strain isolated in Costa Rica belongs to genotype Vb. Genotype V caused outbreaks in Europe and the USA in 1970 (Ballagi-Pordány et al., 1996).  Considering the sequences evaluated here, the TMRCA of genotype Vb could have been circulating since 1976 with 95% HPD (1971-1980) in the Americas. The NDV genotype Vb outbreak caused in the USA during 2002-2003 was closely related to cases in Honduras in 2000 and Mexico in 1996 (Dimitrov, Ferreira, et al., 2019; Susta, Hamal, Miller, Cardenas-Garcia, et al., 2014).

			Based on our results, the virulent sequences obtained in the Central American countries could have come from Mexico. The first virulent NDV reported in Mexico was in 1946, which was detected in 1-day-old chicks imported from the United States of America (Garcia et al., 2013; Merino et al., 2009).  In January 2009, NDV was identified in Tecpatán and Cintalapa, Chiapas, with lethality rates ranging from 40% to 80% (Garcia et al., 2013), lower than described in the Bellavista outbreak.

			After eradicating NDV in Costa Rica, every backyard bird in town and its surroundings (1 km) was euthanized, for a total of 3604 birds, including 3495 chickens, 66 turkeys, 6 geese, and 37 ducks. In April 2017, Costa Rica recovered its disease-free status through the promulgation of an executive decree (Decreto 40301-MAG, 2017).

			Belize reported the presence of the virus every year from 2015 to 2021, Mexico in 2016 and 2019, Nicaragua in 2016, and Honduras in 2019. Considering this situation, the reintroduction of virulent NDV in Costa Rica is quite possible; therefore, continuous surveillance of morbidity and mortality of commercial backyard poultry is fundamental. During this surveillance over the last six years, only NDV lentogenic strains have been detected.
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Figure 3. Phylogenctic trec with MRCA probabilitics.

The name of the sequences is constituted by the NCBI accession number or laboratory code (in the case of Costa Rica isolate),
the year and country where the sample was collected, as well as the virulence and genotype of the strain. The sequence for the
virulent samples identified in Bellavistaisin red. The number in the nodes represents the TMRCA of the sequences. While the
number of branches depicted the posterior probability, the colors of the branch represent the posterior value.
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Figure 1. Location of the Newcastle disease outbreak in the town of Bellavista and chicken symptoms

A)The location of the outbreak is shown (white dot with a red circle), Guanacaste, Costa Rica, near the Nicaraguan
border. B) Symptoms obscrved in surviving birds included mucus, edema of the head, and nervous signs (depression,
inappetence, muscle tremors, droopy wings, prostration). Affected birds died 3 days after symptom onset.
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Table 1S
Distribution of velogenic outbreaks by country and year in the region reported to OIE.
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Figure 2a. Agarose gel for 310bp NDV amplicon from the outbreak samples and the Protease cleavage site.

MWS50P: molecular weight size marker 50 bp (GeneRuler 50 bp DNA Ladder), CN (negative control), CE: Extraction control,
every sample was processed with a duplicate, P: lung tissue, P-1: 1:10 dilution of lung tissue, T: tracheal tissue, T-1: 1:10 dilution
of tracheal tissue, HC: cloacal swab HC-1: 1:10 dilution of the cloacal swab, HT: tracheal swabs, HT-1: 1:10 dilution of tracheal
swab and CP: Positive control.

Figure 2b. Shows the Proteasc cleavage site of USA nonvirulent EF564826 genotype 2 and EF564818 genotype Ia as well as
virulent strains from Canada AF520592, Honduras AY288993, Costa Rica Bellavista, and USA AY562988.
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