
Reemergence of H3N8 Equine Influenza A virus in Chile, 2018

Juan Mena1,2, Bárbara Brito1,3, Ruben Moreira4,5, Tamara Tadich1, Igor González1, Jaime 
Cruces6, Rene Ortega6, Harm van Bakel7, Raveen Rathnasinghe8, José Pizarro-Lucero1, 
Rafael Medina7,8,9, Víctor Neira1

1Facultad de Ciencias Veterinarias y Pecuarias, Universidad de Chile, Santiago, Chile

2Programa de Doctorado en Ciencias Silvoagropecuarias y Veterinarias, Universidad de Chile, 
Santiago, Chile

3The Ithree Institute, University of Technology Sydney, Sydney, NSW, Australia

4Servicio Agrícola y Ganadero, Ministerio de Agricultura, Santiago de Chile, Chile

5Facultad de Medicina Veterinaria y Recursos Naturales, Universidad Santo Tomás, Santiago, 
Chile

6Facultad de Ciencias Veterinarias, Universidad de Concepción, Chillán – Concepción, Chile

7Icahn School of Medicine at Mount Sinai, New York City, New York

8Departamento de Enfermedades Infecciosas e Inmunología Pediátrica, Escuela de Medicina, 
Pontificia Universidad Católica de Chile, Santiago, Chile

9Millennium Institute on Immunology and Immunotherapy, Santiago, Chile

Abstract

A new outbreak of equine Influenza A virus (IAV) was reported in Chile in January 2018, 6 years 

after its last report in 2012. Equine IAV was detected by rtRT-PCR, followed by virus isolation and 

full genome sequencing. Genetic characterization of equine IAV classified the virus within clade 1 

of the Florida sublineage. Although this is the same sublineage that caused an outbreak in Chile in 

2012, the virus has a high similarity to other cocirculating viruses that were recently identified in 

Europe and Asia. The Chilean 2018 equine influenza (EI) outbreak was caused by an H3N8 strain 

circulating globally that spread through horse movements.
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1 | INTRODUCTION

Equine influenza (EI) is an important and highly contagious infectious respiratory disease 

caused by equine Influenza A virus (IAV) in equids worldwide, with a major impact on 

the horse industry. The disease is characterized by acute dry cough, fever, nasal discharge, 

lethargy, and anorexia (Cullinane & Newton, 2013). The infection is caused by the subtypes 

H7N7 and H3N8 of Influenza A virus. Nowadays, the H7N7 is considered extinct and 

currently all equine IAV outbreaks worldwide are caused by H3N8 (OIE, 2017a). The 

H3N8 subtype evolved into two distinct genetic lineages, American and Eurasian. Later, the 

American lineage diverged into three sublineages South American, Kentucky, and Florida. 

Currently, the Florida sublineage is predominant and in the early 2000’s it further diverged 

into two different clades: Florida clade 1 (FC1) and 2 (FC2) (Cullinane & Newton, 2013; 

Lewis et al., 2011). Additionally, three different antigenic clusters of equine IAV have been 

described, which are not always related to their phylogenetic clustering (Lewis et al., 2011).

In Chile until 2017, six epizootic events of EI have been reported. The previous outbreaks 

occurred in 1963, 1977, 1985, 1992, 2006, and 2012. All outbreaks were caused by the 

H3N8 subtype, except for the 1977 event that was caused by an H7N7 subtype virus 

(Müller, Pinto, Santibáñez, Celedón, & Valenzuela, 2009; Perglione et al., 2016). On 

January 10th, 2018 a new epizootic event was reported and officially notified to the Chilean 

Agricultural and Livestock Services (SAG). The outbreak was first confirmed in Chilean 

Horses, from Colina, Chacabuco Province, in the northern area of the Metropolitan Region. 

The aim of this study was to determine the evolutionary origin of the H3N8 epizootic using 

phylogenetic analyses of whole genome sequences.

2 | MATERIALS AND METHODS

Data and sample collection: Clinical evaluation and sample collection were performed by 

equine veterinarians as part of their routine clinical practice. Sampling included Chilean 

horses, Thoroughbreds, and working horses from vaccinated and nonvaccinated populations. 

Nasal swabs were obtained using rayon swabs, which were suspended into 2 mL of 

minimum essential media (MEM) with 0.3% of bovine serum albumin (BSA), trypsin tosyl 

chlorophenyl ketone (TPCK) and 1% antibiotics (penicillin, streptomycin y amphotericin B) 

and stored at −80°C until testing.

Official SAG reports of the EI epidemiological situation, data from equine importation 

in Chile and official World Organization for Animal Health (OIE) reports of EI from 

neighbouring countries were also compiled to complement the laboratory results.

Diagnostic tests: First, a generic real-time RT-PCR (rtRT-PCR) targeting the M gene of IAV 

was performed (WHO, 2011). Subsequently, virus isolation from rtRT-PCR-positive samples 

was attempted, using 10-day-old embryonated hens’ eggs. Briefly, 0.2 ml of rtRT-PCR 

positive samples was inoculated into the allantoic cavity of embryonated eggs, which were 

then incubated at 34°C (±1°C) (Quinlivan et al., 2004). After incubation for 72 hr, eggs 

were euthanized in a CO2 chamber, and chilled at 4°C overnight. The allantoic fluid was 

harvested and tested by haemagglutination assay using turkey red blood cells and rtRT-PCR 
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to confirm virus isolation. Only one passage was performed, and negative passages were 

preserved for future studies. The assays were performed at Animal Virology Laboratory, 

Facultad de Ciencias Veterinarias y Pecuarias, Universidad de Chile, as routine diagnostic 

tests.

Sequencing: RNA from positive rtRT-PCR samples and isolates were used for whole 

genome amplification of the IAVs by performing a multisegment RT-PCR for whole 

genome amplification (Barriga et al., 2016; Zhou et al., 1999). Purified RT-PCR products 

were sequenced with an Illumina HiSeq 2500 System (Illumina, San Diego, CA, USA). 

Amplification and DNA purification procedures were performed at Pontificia Universidad 

Católica de Chile’s Molecular Virology Laboratory and the samples were sequenced by Next 

Generation Sequencing at the Core Facility at Icahn School of Medicine at Mount Sinai. The 

same procedure was attempted to obtain full genome sequences collected from earlier equine 

IAV Chilean outbreaks, including A/equine/Santiago/1/1985 (H3N8), A/equine/Chile/1/1992 

(H3N8), A/equine/Lonquen/1/2006 (H3N8), and A/equine/Colina/2/2012 (H3N8). These 

earlier isolates were provided by Dr. María Orfelia Celedón at Animal Virology Lab, 

Facultad de Ciencias Veterinarias y Pecuarias, Universidad de Chile.

Genetic Analysis: Phylogenies were reconstructed separately for each segment, and inferred 

by Bayesian evolutionary analysis. Chi- lean influenza sequences were aligned with relevant 

reference sequences obtained from NCBI GenBank, and GISAID EpiFlu data-bases using 

MUSCLE (Edgar, 2004). The reference sequences used for each segment are included 

in the Supporting Information. Bayesian time divergence estimation using a nucleotide 

substitution model of HKY+G [4] was used for all segments. For HA and NA segments 

tree priors: (1) constant coalescent, (2) exponential growth coalescent, and (3) Bayesian 

skyline coalescent were run and compared using path sampling and stepping-stone sampling 

marginal likelihood estimation (Baele, Li, Drummond, Suchard, & Lemey, 2013). For the 

remaining segments, constant coalescent and exponential growth coalescent tree priors were 

run, and the final prior was selected based on the posterior distribution of the population’s 

growth parameter (i.e., if the population’s growth parameter included 0 within its 95% 

highest posterior density (HPD) interval, the tree constructed under coalescent constant 

population was selected). The analyses were run in BEAST 1.8.4 (Drummond, Suchard, 

Xie, & Rambaut, 2012). A total of 500,000 iterations were run, sampling every 50,000 

trees using the CIPRES platform (Miller, Pfeiffer, & Schwartz, 2012). Traces of the 

parameters were assessed for convergence with effective sample size (ESS) >200. The 

maximum clade credibility tree was annotated burning the first 10% of the sampled trees, 

using TreeAnnotator and were then visualized using Figtree (Rambaut, 2014). Additionally, 

genetic distances of nucleotide and amino acid sequences were calculated using the 

Kimura-2 parameters substitution. Alignments were visualized and analysed using MEGA 

v7.0 software (Kumar, Stecher, & Tamura, 2016).

3 | RESULTS AND DISCUSSION

One hundred fifty-one horses were sampled from five different locations in Chile within a 

500 km distance. Horses showed a range of clinical signs including fever, lethargy, nasal 

secretion, anorexia, hyperaemic nasal mucosa, and coughing. Twenty-one samples were 
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positive by rtRT-PCR with Ct average of 25.9 (range = 20.6–36.2), from which five isolates 

were obtained. From them, 13 influenza genomes were sequenced, 10 were obtained directly 

from clinical samples and three were obtained from viral isolates, which were collected 

from four different locations. Of these, three genomes were obtained from vaccinated and 

10 from nonvaccinated animals. Influenza genomes from 1992 and 2012 outbreaks were 

also obtained. Sequences were deposited in NCBI Genbank and the accession numbers are 

included in the Supporting Information.

The haemagglutinin (HA) gene phylogeny revealed that Chilean 2018 equine IAVs grouped 

within FC1 of the American H3N8 linage (Figure 1). These equine IAV strains formed 

a monophyletic cluster with the strain A/equine/East Lothian/2/2018 (H3N8) (GISAID 

EpiFlu™ database N° EPI1213182) isolated on February 2018 in East Lothian, UK, from 

a horse imported recently from the Netherlands. Amino acid and nucleotide sequences of 

Chilean equine IAVs 2018 and A/equine/East Lothian/2/2018 (H3N8) viruses had ≤100% 

identity in segments HA and nonstructural (NS), and ≤99.86% in the remaining genes. 

The closest reference virus to the Chilean equine IAV 2018-East Lothian cluster was 

A/equine/Yokohama/aq100/2017 (H3N8) (GenBank N° NLC269107) identified in Japan 

from an imported horse in March 2017. Other close reference sequences identified in the 

HA phylogeny were collected from the United States between 2014 and 2016 (Figure 2). 

Inferred time divergence for HA gene, indicated that the time to most recent common 

ancestor (tMRCA) at 2017 (95% HDP 2017–2018) for the 2018 Chilean equine IAV-East 

Lothian cluster and 2016 (95% HPD 2015–2017) for the Chilean cluster and the A/equine/

Yokohama/aq100/2017(H3N8) virus. The phylogenies of the remaining segments were 

consistent with the HA phylogeny (Figure 3). Differences between sequences generated 

from isolates or direct samples, as well as, vaccinated and nonvaccinated animals were not 

observed.

The HA1 alignment of 2018 Chilean sequences and the reference strain of the FC1 (A/

equine/Ohio/01/2003) evidenced nine amino acid substitutions (S6N, G7D, S47P, R62K, 

N63D, D104N, A138S, N188T, and V223I), one of them in antigenic site B (N188T) and 

two in antigenic site E (R62K and N63D). Antigenic site B is on the top of HA1. Hence, 

amino acid changes in this site may modulate the viral antigenicity (Woodward, Rash, 

Medcalf, Bryant, & Elton, 2015). Additionally, five amino acid substitutions (S6N, S47P, 

N63D, T78A, and N188T) were identified between 2012 and 2018 Chilean IAV strains 

(Supporting Information).

The previous EI Chilean outbreak in 2012 was caused by an H3N8 FC1 strain. Although, the 

equine IAV that caused the Chilean 2018 outbreak is also within the FC1 clade, the inferred 

phylogenetic relationship with reference sequences indicates that this event corresponds to 

a new introduction, related to concurrent outbreaks occurring globally in Europe, Asia, and 

North America. Equine influenza is mostly spread between countries as a consequence of 

international horse movements (Dominguez, Münstermann, de Guindos, & Timoney, 2016), 

which explains the circulation of highly similar strains in Chile, the UK, and Japan. In Chile 

during 2017, 447 horses were imported from 13 different countries, including the United 

States (40%), Argentina (33%), France (11%), and others (16%). Horses arrived individually 

or in groups of less than 12 animals, representing 167 entries total and most of them were 
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Thoroughbred horses. Therefore, this virus was likely introduced by imported horses, similar 

to previous equine IAV introductions in the region (Dominguez et al., 2016; Perglione et al., 

2016).

In Chile, the EI outbreak emerged early in 2018, during the Southern hemisphere summer 

season. The epidemic started in Central Chile, characterized by a Mediterranean climate, 

with a warm and dry summer (Sarricolea, Herrera-Ossandon, & Meseguer-Ruiz, 2017), 

climate conditions considered unfavourable for IAV dissemination (Lowen, Mubareka, Steel, 

& Palese, 2007; Neira et al., 2018). Nonetheless, this equine IAV was rapidly spread across 

the country. Most likely, transmission was facilitated by the Chilean rodeo qualifiers season, 

which increases the horses’ movement, and by the lack of vaccination. Although commercial 

vaccines are available in the country, EI vaccination is mandatory only for horses before 

exportation. Additionally, the OIE recommends including both clades FC1 and FC2 in 

vaccine formulations (World Organisation for Animal Health (OIE), 2017b). Three vaccines 

are registered in Chile (SAG, 2018), and only one vaccine includes FC1 and the remaining 

strains according to the OIE are considered outdated (OIE, 2017b).

Until March 2018, the virus had been detected in almost all administrative regions of the 

country. Equine IAV was also detected in Argentina within 3 months of the Chilean index 

case. In Argentina, EI was first detected at a racetrack in Mendoza, near the border with 

Chile and it was later detected in other provinces. According to the OIE, the virus involved 

is an H3N8, FC1 strain (WAHIS, 2018a). Subsequently, in June 2018 the virus also was 

reported in Uruguay (WAHIS, 2018b). Currently, there are no sequence data available from 

the 2018 Argentinean and Uruguayan equine IAVs. However, it is plausible that it could 

have spread from Chile to Argentina as reported in previous outbreaks in the region. In 

2012, an equine IAV strain was first introduced into Chile, secondly to Argentina and 

subsequently to the rest of South America (Perglione et al., 2016).

In conclusion, the 2018 EI epidemic event in Chile was caused by a H3N8 strain of 

the FC1, contemporaneous to similar viruses circulating globally. The disease was rapidly 

spread in the country facilitated most likely by horse movement and scarce vaccination. To 

prevent new equine IAV introductions and spread, vaccination policies should be reviewed at 

country level, including the implementation of a vaccine update.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Maximum clade credibility tree depicting the phylogeny of HA segment of Equine 

IAV H3 subtype. Florida Sublineage 1 and 2 clades are highlighted in green and blue, 

respectively and Chilean isolates are highlighted in red. A/equine/Ohio/1/2003-like and A/

equine/Richmond/1/2007-like viruses recommended for vaccine preparation are highlighted 

with dots
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FIGURE 2. 
Maximum clade credibility tree of HA gene of the Chilean 2018 equine IAV and closest 

reference sequences. The Chilean equine IAV 2018 belongs to a single monophyletic cluster 

with A/equine/East Lothian/2/2018 (H3N8). Closely related viruses are highlighted with 

green dots
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FIGURE 3. 
Maximum clade credibility trees depicting the phylogeny of PB2 (a), PB1 (b), PA (c), NP 

(d), NA (e), M (f), and NS (g) segments of Equine Influenza Viruses. Chilean isolates 

branches are highlighted in red
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