
Rev. Sci. Tech. Off. Int. Epiz., 2019, 38 (3), ... – ... 

No. 21112019-00156-EN  1/27 

Epidemiological and virological findings 
during an outbreak of equine influenza in 
Uruguay in 2018 

This paper (No. 21112019-00156-EN) has been peer-reviewed, accepted, edited, and 

corrected by authors. It has not yet been formatted for printing. It will be published in 

December 2019 in issue 38 (3) of the Scientific and Technical Review. 

E.R. Castro (1)*, R. Pérez (1), S. Rodríguez (1), L. Bassetti (1), R. Negro (1) 
& R. Vidal (2) 

(1) Departamento Virología, División de Laboratorios Veterinarios 
‘M.C. Rubino’ (DILAVE), Dirección General de Servicios Ganaderos 
(DGSG), Ministerio de Ganadería Agricultura y Pesca (MGAP), Ruta 
8 Km. 17.500, Montevideo, Uruguay 

(2) Unidad Epidemiología, División de Sanidad Animal, Dirección 
General de Servicios Ganaderos (DGSG), Ministerio de Ganadería 
Agricultura y Pesca (MGAP), Ruta 8 Km. 17.500, Montevideo, 
Uruguay 

*Corresponding author: ercastro72@gmail.com; racastro@mgap.gub.
uy 

Summary 

Equine influenza is one of the major respiratory infectious diseases in 
horses. In 2018, equine influenza virus (EIV) was confirmed as the 
cause of outbreaks of respiratory disease in horses in Chile and 
Argentina. In the same year, for the first time in Uruguay, EIV infection 
was confirmed by isolation and molecular analysis to be the cause of 
respiratory disease among hundreds of clinically affected thoroughbred 
horses in training and racing facilities. The virus was detected in 
nasopharyngeal swabs by a pan-reactive influenza type A real-time 
reverse transcription polymerase chain reaction (rRT–PCR). The partial 
nucleotide sequence of the haemagglutinin 1 (HA1) gene (994 base 
pairs) was determined and analysed phylogenetically using MEGA X 
software. Amino acid sequence alignments were constructed, and 
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serum samples were tested by haemagglutination inhibition and single 
radial haemolysis. The diagnosis of EIV was confirmed by rRT–PCR, 
virus isolation and serological testing. The phylogenetic analysis of the 
partial HA1 gene sequence of the isolated virus indicated that it belongs 
to clade 1 of the Florida sub-lineage of the American lineage and is 
closely related to viruses isolated in the recent past. Study of the HA1 
region (331 amino acids) of the virus identified in horses in racing 
facilities in Uruguay displayed the highest amino acid sequence identity 
with viruses detected in Argentina, Chile and the United Kingdom in 
2018. 

The surveillance data reported illustrate the international spread of 
equine influenza viruses and support the recommendation of the World 
Organisation for Animal Health (OIE) expert surveillance panel to 
include viruses of the Florida sub-lineage in vaccines. 
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Introduction 

Equine influenza viruses (EIVs) are the aetiological agents of severe 
epidemic respiratory disease in horses and cause a great deal of 
economic loss, due to their contagious nature and rapid spread among 
susceptible horses. Genetically, they are classified as influenza type A 
viruses belonging to the Orthomyxoviridae family, containing eight 
single stranded ribonucleic acid (RNA) molecules of negative polarity. 

Influenza infections are frequently followed by secondary bacterial 
disease, with serious and sometimes life-threatening consequences for 
affected horses. The rapidly spreading signs include nasal discharge, 
high pyrexia, dyspnoea, coughing, myalgia, anorexia and swelling of 
regional lymph nodes (1, 2). Equine influenza viruses are endemic on 
the European and American continents, and large outbreaks of the 
disease are often associated with the congregation of horses for 
equestrian events and competitions (3). Two subtypes of influenza A 
virus, H7N7 and H3N8, have been associated with the disease in 
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horses (4, 5). Equine influenza viruses that are currently circulating in 
horses belong to the H3N8 subtype and are responsible for widespread 
outbreaks of disease in both vaccinated and unvaccinated horses. 
Equine H3N8 viruses diverged during the mid-1980s and early 1990s 
into two distinct evolutionary lineages, namely the Eurasian and the 
American lineages. Viruses of the Eurasian lineage have not been 
isolated in recent years. The American lineage has persisted and 
diverged into the South America, Kentucky and Florida sub-lineages 
(6). Subsequent evolution within the Florida sub-lineage has resulted in 
the emergence of two distinct clades, designated as Florida clade 1 and 
Florida clade 2 (7, 8). Florida clade 1 viruses are endemic in the United 
States of America (USA) but have also caused outbreaks in South 
Africa, Japan, Australia and Europe (9, 10, 11, 12, 13). Florida clade 2 
viruses have predominated in Europe but have also been the cause of 
major outbreaks of equine influenza (EI) in the People’s Republic of 
China and in India (14, 15). 

Occasional outbreaks of EI have been reported in South America, and 
genetic characterisation of viruses from these outbreaks indicates that 
they belong within the American lineage. The first outbreak of EI in 
Uruguay was reported in 1963 (16); in the same year an H3N8 virus 
was isolated for the first time from horses in the USA. Previously, the 
last extensive outbreak of EI in South America occurred in Argentina, 
Brazil, Chile and Uruguay in 2012 and was reported to the World 
Organisation for Animal Health (OIE) via the World Animal Health 
Information System (WAHIS) interface. The genetic characterisation 
of the causal virus indicated that it belonged to H3N8 Florida sub-
lineage clade 1 (FC1). In January 2018, EIV was confirmed as the cause 
of outbreaks of respiratory disease in Chile and was immediately 
reported to the OIE. Extensive outbreaks of EI were subsequently 
reported in Argentina in March 2018 and later in Uruguay in June 2018 
(17, 18). 

Vaccination is key to the control of EI and many countries such as 
Uruguay implement mandatory vaccination programmes to minimise 
the economic impact of EI outbreaks. The mandatory vaccination 
policy/regime requires that every horse entered in a race must be 



Rev. Sci. Tech. Off. Int. Epiz., 38 (3) 4 

  4/27 

vaccinated within the period of four months prior to the race. The 
vaccination must be certified by a qualified veterinarian, with the 
registration number of the veterinarian, and accompanied by a 
professional stamp and the correct name of the horse. However, 
antigenic drift compromises vaccine effectiveness because the ability 
of vaccinal antibodies to recognise the field virus and protect against 
clinical disease and virus shedding is diminished (12). Phylogenetic and 
antigenic analyses of EI field outbreaks worldwide are reviewed 
annually by the OIE expert surveillance panel (ESP) in order to improve 
vaccine effectiveness by ensuring that vaccines contain 
epidemiologically relevant strains. The ESP recommends that EI 
vaccines contain viruses from both clades of the Florida sub-lineage of 
the American lineage (clade 1 A/equine/Ohio/2003-like virus and 
clade 2 A/equine/Richmond/1/2007-like virus). 

Herein, the authors report the epidemiological findings of an EI 
outbreak in Uruguay in 2018, describe for the first time the successful 
isolation and phylogenetic characterisation of EIV from horses during 
a multifocal occurrence of equine influenza disease (EID) in Uruguay 
in 2018 and compare the virus with recommended vaccine strains. At 
the time of the outbreak, the majority of the vaccines on the Uruguayan 
market contained viruses of the American lineage that pre-dated the 
emergence of the Florida sub-lineage. 

Methods 

Sample collection 

A total of 38 nasopharyngeal swabs in viral transport medium and 47 
whole blood samples were collected from 52 acutely affected horses in 
the departments of Artigas, Salto, Paysandú, Colonia, Río Negro, San 
José, Montevideo, and Canelones (Table I). In addition, seven blood 
samples were collected from horses in the department of Artigas during 
the acute and convalescent periods of the disease. 
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Table I 

A summary of the geographical distribution, type of activity, 
vaccination status and virological and molecular equine influenza 
virus detection of the affected horses during the influenza 
outbreaks in Uruguay in 2018 

Department 
Animal 
ID 

Breed 
Type of 
activity 

Reported 
vaccination 
status 

EIV 
rRT–
PCR 
(Ct) 

EIV 
virus 
isolation 

Salto 

1 Thoroughbred Racing Vaccinated no Ct Negative 

2 Thoroughbred Racing Vaccinated 40 Negative 

3 Thoroughbred Racing Vaccinated 43 Negative 

4 Thoroughbred Racing Vaccinated 42 Positive 

5 Thoroughbred Racing Vaccinated no Ct Negative 

Paysandu 

6 Thoroughbred Racing Vaccinated 36 Negative 

7 Thoroughbred Racing Vaccinated 37 Negative 

8 Thoroughbred Racing Vaccinated 41 Positive 

9 Thoroughbred Racing Vaccinated 35 Negative 

10 Thoroughbred Racing Vaccinated 34 Positive 

Colonia 

11 Thoroughbred Racing Unknown 31 Negative 

12 Thoroughbred Racing Unknown 25 Positive 

13 Thoroughbred Racing Unknown 30 Negative 

14 Thoroughbred Racing Unknown 28 Negative 

15 Thoroughbred Racing Unknown 44 Negative 

16 Thoroughbred Racing Unknown 
Not 
available 

Not 
available 

17 Thoroughbred Racing Unknown 
Not 
available 

Not 
available 
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Rio Negro 

18 Thoroughbred Racing Vaccinated 33 Positive 

19 Thoroughbred Racing Vaccinated 23 Negative 

20 Thoroughbred Racing Vaccinated 
Not 
available 

Not 
available 

21 Thoroughbred Racing Vaccinated 
Not 
available 

Not 
available 

22 Thoroughbred Racing Vaccinated 
Not 
available 

Not 
available 

23 Thoroughbred Racing Vaccinated 
Not 
available 

Not 
available 

24 Thoroughbred Racing Vaccinated 
Not 
available 

Not 
available 

25 Crossbreed Working 
Not 
vaccinated 

32 Negative 

San Jose 

26 Thoroughbred Racing Unknown 35 Negative 

27 Thoroughbred Racing Unknown 36 Negative 

28 Thoroughbred Racing Unknown No Ct Negative 

29 Thoroughbred Racing Unknown No Ct Negative 

Canelones 
30 Thoroughbred Racing Unknown 41 Negative 

31 Thoroughbred Racing Unknown 28 Negative 

Montevideo 

32 Thoroughbred Racing Unknown No Ct Negative 

33 Thoroughbred Racing Unknown No Ct Negative 

34 Thoroughbred Racing Unknown No Ct Negative 
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Artigas 

35 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

36 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

37 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

38 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

39 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

40 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

41 Crossbreed Equitation 
Not 
vaccinated 

Not 
available 

Not 
available 

42 Crossbreed Working Vaccinated No Ct Negative 

43 Crossbreed Working Vaccinated 33 Negative 

44 Crossbreed Working Vaccinated 42 Negative 

45 Crossbreed Working Vaccinated 41 Negative 

46 Crossbreed Working Vaccinated No Ct Negative 

47 Crossbreed Working Vaccinated No Ct Negative 

48 Crossbreed Working Vaccinated 36 Positive 

49 Crossbreed Working Vaccinated 32 Positive 

50 Crossbreed Working Vaccinated 35 Positive 

51 Creole Working Vaccinated No Ct Negative 

52 Creole Working Vaccinated No Ct Negative 
EIV:  equine influenza virus 
rRT-PCR:  real-time reverse transcription polymerase chain reaction 
Ct:  cycle threshold 
No Ct:  no cycle threshold 
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Influenza virus detection 

An influenza type A quantitative real-time reverse transcription 
polymerase chain reaction (qRT–PCR) targeting the matrix gene was 
performed for the detection of EIV (19). The detection limit of this 
assay (101 EID50% [embryonated hens’ eggs infective dose 50%]) and 
the cycle threshold (Ct) value to consider a sample as EIV positive 
(Ct value < 45) were established on the basis of a standard curve 
generated from serial 10-fold dilutions of 105.5 EID50% EIV (data not 
shown). 

Equine influenza virus isolation 

Virus isolation was attempted in 9–11-day-old embryonated hens’ eggs. 
Briefly, 0.1 ml of the transport medium of each swab was inoculated 
into the allantoic cavity and the eggs were incubated at 34 ± 1°C. After 
incubation for 72–96 h, the eggs were chilled at 4°C overnight and the 
allantoic fluid harvested and tested for haemagglutination activity (20). 
Negative samples were passaged up to three times in embryonated 
hens’ eggs. 

Partial sequencing and phylogenetic analysis of the 
haemagglutinin 1 gene 

The partial sequence of the HA1 portion of the HA gene (994 base pairs 
[bp]) of the virus isolated from an affected horse in Colonia was 
amplified by the One-Step RT-PCR kit (Qiagen, Westburg, Leusden, 
the Netherlands) using the primers described by Borchers et al. (21). 
The polymerase chain reaction (PCR) products were purified and 
sequenced by Macrogen Inc., Seoul, Republic of Korea. The partial 
HA1 nucleotide sequence was edited with the BioEdit software 7.2.5 
Sequence Alignment Editor (22). Multiple nucleotide and amino acid 
sequence alignments were constructed in CLUSTAL_X v.1.4 (23) and 
subsequently edited in MEGA X (24). 

Phylogenetic analysis, using MEGA X software, was performed with 
the HA1 gene sequences determined and selected sequences from the 
National Center for Biotechnology Information (NCBI) GenBank and 



Rev. Sci. Tech. Off. Int. Epiz., 38 (3) 9 

  9/27 

the Global Initiative on Sharing All Influenza Data (GISAID) EpiFluTM 
databases, which are shown in Table II. Genetic distances were 
calculated using the Kimura two-parameter model of nucleotide 
substitution. A phylogenetic tree was constructed using the maximum-
likelihood method with 1,000 bootstrap replicates. 

Table II 

Equine influenza viruses included in the phylogenetic analysis 

Location Lineage Virus name Accession 
Number 

Miami, USA Predivergent A/equine/Miami/1963 M29257 

Fontainebleau, France Predivergent A/equine/Fontainebleau/1/1979 CY032405 

Newmarket, UK Predivergent A/equine/Newmarket/1979 D30677 

Kentucky, USA Predivergent A/equine//Kentucky/2/1981 CY028820 

Hong Kong, People’s 
Republic of China 

European A/equine/Hong Kong/1/1992 L27597 

Newmarket, UK European A/equine/Newmarket/2/1993 X85089 

Kentucky, USA American A/equine/Kentucky/1/1998 AF197241 

Ohio, USA FC1 A/equine/Ohio/1/2003 DQ124192 

Newmarket, UK FC2 A/equine/Newmarket/5/2003 FJ375213 

Wisconsin, USA FC1 A/equine/Wisconsin/1/2003 DQ222913.1 

Kentucky, USA FC1 A/equine/Kentucky/9/2004 FJ195451.1 

Ibaraki, Japan FC1 A/equine/Ibaraki/1/2007 AB360549 

Lincolnshire, UK FC1 A/equine/Lincolnshire/1/2007 FJ195398 

Meath, Ireland FC2 A/equine/Meath/1/2007 JN222935 

Richmond, UK FC2 A/equine/Richmond/1/2007 FJ195395 

Florida, USA FC1 A/equine/Florida/146609/2011 MF173407.1 

Donegal, Ireland FC2 A/equine/Donegal/1/2007 JN222934 

Kildare, Ireland FC2 A/equine/Kildare/1/2007 JN222936 
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Pennsylvania, USA FC1 A/equine/Pennsylvania/1/2007 FJ195406 

Down, Ireland FC2 A/equine/Down/1/2008 JN222937 

Donegal, Ireland FC1 A/equine/Donegal/1/2009 JN222938 

Limerick, Ireland FC1 A/equine/Limerick/1/2010 JN222940 

Argentina FC1 A/equine/Argentina/E-2345-1/2012 KJ372713 

Uruguay FC1 A/equine/Uruguay/E-1918-1/2012 KJ372712 

Tennessee, USA FC1 A/equine/Tennessee/28A/2014 KR351209.1 

Sao Paulo, Brazil FC1 A/equine/Sao_Paulo/32.FMVZ/2015 KX954143.1 

Montana, USA FC1 A/equine/Montana/9564-1/2015 MG198999.1 

Georgia, USA FC1 A/equine/Georgia/121362-16/2016 MF173124.1 

Yokohama, Japan FC1 A/equine/Yokohama/aq100/2017 LC269107.1 

Scotland, UK FC1 A/equine/East Lothian/2/2018 EPI ISL 306360 

Chile FC1 A/equine/Concepcion/RO7C/2018 MH347079.1 

Argentina FC1 A/equine/Argentina/E-434-6/2018 EPI_ISL_335338 

Uruguay FC1 A/equine/Uruguay/2/2018 MH673717.1 
FC1:  Florida sub-lineage clade 1 
FC2:  Florida sub-lineage clade 2 
UK:  United Kingdom 
USA:  United States of America 

Equine influenza antibody detection and quantification 

Serum samples obtained from EI affected horses during the acute and 
convalescent periods were tested with haemagglutination inhibition 
(HI) and single radial haemolysis (SRH) tests (20) against 
representative H3N8 strains of different EIV lineages, including 
A/equine/Argentina/E-2345-1/12 (American lineage, Florida sub-
lineage clade 1 [FC1]), A/equine/Meath/07 (American lineage, Florida 
sub-lineage clade 2 [FC2]), and A/equine/Uruguay/2/18 which was 
isolated during the outbreak. Seroconversion between the acute and 
convalescent serum samples was defined as a fourfold or greater 
increase in the HI antibody titre (20). For the HI test, serum samples 
were pre-treated with potassium periodate to remove non-specific 
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haemagglutinins (20), and antigens were not pre-treated with tween 80-
ether. Seroconversion as detected by SRH was defined as an increase 
in the area of haemolysis of 25 mm2 or more between the acute and 
convalescent sera (20). 

Results 

Chronological description of the disease events 

Early in June 2018, several vaccinated and unvaccinated horses 
suffering from an acute respiratory disease were observed by private 
veterinarians in thoroughbred racing and training facilities in Salto and 
Paysandú, Uruguay (Table I). The official notification of this 
occurrence to the Uruguay National Animal Health Authorities was 
made on 11 June 2018. Biosecurity measures were imposed at both 
national and international levels, to control the spread of the infection. 
The disease was also confirmed on racing and training facilities in the 
following cities: Artigas (220 km north of Paysandú), Fray Bentos 
(150 km south of Paysandú), Colonia (250 km south of Paysandú), San 
José (250 km south-east of Paysandú), Canelones (300 km south-east 
of Paysandú) and Montevideo (320 km south-east of Paysandú) 
racetracks. The geographical distribution is summarised in Figure 1. 
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Fig. 1 

Geographical distribution of premises affected during equine 
influenza outbreaks in Chile, Argentina and Uruguay in 2018 

Black symbols:  outbreaks in Chile 
Blue symbols:  outbreaks in Argentina 
Red symbols:  outbreaks in Uruguay 

The clinical signs were characterised by pyrexia, coughing and nasal 
discharge. The disease affected approximately 60%, 43%, 40%, 35% 
and 23% of a total population of 9,952 horses in the departments of 
Colonia, Rio Negro, San José, Montevideo and Canelones, 
respectively. In Uruguay, racetracks require vaccination certificates for 
racing. Thus, all the affected horses had been vaccinated at least once. 
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Virological studies 

Equine influenza virus was detected by real-time RT–PCR in 26 of 38 
nasopharyngeal swabs obtained from affected horses in Paysandú 
(n = 5), Salto (n = 3), Colonia (n = 5), San José (n = 2), Río Negro 
(n = 3), Artigas (n = 6) and Canelones (n = 2). All the positive field 
samples gave Ct values between 23 and 43. 

Equine influenza virus isolation 

As summarised in Table I, EIV was successfully isolated from eight 
nasopharyngeal swabs, collected from horses in Salto (n = 1), Paysandú 
(n = 2), Colonia (n = 1), Río Negro (n = 1) and Artigas (n = 3). 

Phylogenetic analysis of the partial haemagglutinin 1 gene 
sequence 

The phylogenetic analysis of the partial HA1 (994 bp) gene sequence 
of EIV detected in Uruguay in 2018 (A/equine/Uruguay/2/2018) 
indicated that it belongs to clade 1 of the Florida sub-lineage of the 
American lineage and is closely related to viruses recently isolated in 
the USA (A/equine/Tennessee/2014, A/equine/Montana/2015 and 
A/equine/Georgia/2016) and Japan (A/equine/Yokohama/2017). 
Furthermore, it also formed a cluster with 
A/equine/East Lothian/2/2018, A/equine/Concepcion/RO7C/18 and 
A/equine/Argentina/E-434-6/2018 (Fig. 2). The nucleotide sequence of 
the virus identified in this study (submitted as 
A/equine/Uruguay/2/2018 to the NCBI database, accession no. 
MH673717.1), displayed 99.6% nucleotide identity to the H3N8 
A/equine/Argentina/E-434-6/2018 virus, with four nucleotide 
substitutions (T8C, A62G, A65G and A186C), as shown in Figure 3. 
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Fig. 2 

Phylogenetic tree of partial H3N8 haemagglutinin nucleotide sequence 

Bootstrap values obtained after 1,000 replicates as shown at the major nodes. Accession numbers for the genes reported in the manuscript are listed in Table II 
Branch colours: Black, Predivergent; Blue, Eurasian lineage; Yellow, American lineage; Red, American lineage Florida sub-lineage clade 1; Green, American lineage Florida sub-lineage clade 2 
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                                         10        20        30        40        50        60        70        80        90       100                   
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  ATGACGATAACCATTATTTTGATACTACTGACCCATTGGGCTTACAGTCAAAACCCAATCAATGACAACAACACAGCCACATTGTGTCTAGGACACCATG 100   
A/equine/Uruguay/2/2018         .......C.....................................................G..G................................... 100   
 
                                        110       120       130       140       150       160       170       180       190       200          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  CAGTAGCAAATGGAACATTGGTAAAAACAATAAGTGATGATCAAATTGAGGTGACAAATGCTACAGAATTAGTTCAGAGCATTCCAATGGGGAAAATATG 200   
A/equine/Uruguay/2/2018         .....................................................................................C.............. 200   
 
                                        210       220       230       240       250       260       270       280       290       300          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  CAACAATTCGTATAGAATTCTAGATGGAAAGGATTGCACATTAATAGATGCAATGCTAGGAGACCCCCACTGTGACGCCTTTCAGTATGAGAATTGGGAC 300   
A/equine/Uruguay/2/2018         .................................................................................................... 300   
 
                                        310       320       330       340       350       360       370       380       390       400          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  CTCTTTATAGAAAGAAGCAGCGCCTTCAGCAATTGCTACCCATATGACATCCCTAACTATGCATCGCTCCGATCCATTGTAGCATCCTCAGGAACATTGG 400   
A/equine/Uruguay/2/2018         .................................................................................................... 400   
 
                                        410       420       430       440       450       460       470       480       490       500          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  AATTCACAGCAGAGGGATTCACATGGACAGGTGTCACTCAAAACGGAAGAAGCGGATCCTGCAAAAGGGGATCAGCCGATAGTTTCTTTAGCCGACTGAA 500   
A/equine/Uruguay/2/2018         .................................................................................................... 500   
 
                                        510       520       530       540       550       560       570       580       590       600          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  TTGGCTAACAAAATCCGGAAGTTCTTACCCCACATTGAATGTAACAATGCCTAACAATAAAAACTTCGACAAGCTATACATCTGGGGGATCCATCACCCG 600   
A/equine/Uruguay/2/2018         .................................................................................................... 600   
 
                                        610       620       630       640       650       660       670       680       690       700          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  AGCTCAACTCAAGAGCAGACAAAATTGTATATCCAGGAATCAGGGCGAGTAACAGTCTCAACAAAAAGAAGTCAACAAACAATAATCCCTAACATTGGGT 700   
A/equine/Uruguay/2/2018         .................................................................................................... 700   
 
                                        710       720       730       740       750       760       770       780       790       800          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  CTAGACCATGGATCAGAGGTCAATCAGGTAGGATAAGCATATACTGGACCATTGTAAAACCTGGAGATATTCTAATGATAAACAGTAATGGCAACTTAGT 800   
A/equine/Uruguay/2/2018         .................................................................................................... 800   
 
                                        810       820       830       840       850       860       870       880       890       900          
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  TGCACCGCGGGGATACTTTAAATTGAAAACAGGGAAAAGCTCTGTAATGAGATCAGATGTACCCATAGACATTTGTGTGTCTGAATGTATTACACCAAAT 900   
A/equine/Uruguay/2/2018         .................................................................................................... 900   
 
                                        910       920       930       940       950       960       970       980       990       1000         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  GGAAGCATCTCCAACGACAAGCCATTCCAAAATGTGAACAAAGTTACATATGGAAAATGTCCCAAGTATATCAGACAAAACACTTTAAAGCTGGCCACTG 1000  
A/equine/Uruguay/2/2018         ..............................................................................................------ 994   
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                                        1010      1020      1030      1040      1050      1060      1070      1080      1090      1100         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
A/equine/Argentina/E434-6/2018  GGATGAGGAATGTACCAGAAAAGCAAATCAGAGGAATCTTCGGGGCAATAGCGGGATTCATCGAAAACGGCTGGGAAGGAATGGTTGATGGATGGTATGG 1100  
A/equine/Uruguay/2/2018         ---------------------------------------------------------------------------------------------------- 994 

Fig. 3 
Alignment of the nucleotide sequences of A/equine/Uruguay/2/2018 and A/equine/Argentina/E-434-6/2018 viruses, with four 
nucleotide substitutions (T8C, A62G, A65G, and A186C) 
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Amino acid alignment 

The amino acid sequences (331 amino acids) derived from the partial 
HA1 gene of the EIVs identified in Uruguay, Argentina, Chile and the 
United Kingdom in 2018 were aligned with representative viruses of 
clade 1 of the Florida sub-lineage; the amino acid changes are 
summarised in Figure 4. The EIV strain circulating in the Colonia 
department of Uruguay in 2018 was identified as having the 
characteristic amino acid substitution in the putative antigenic site at 
position 159 that is likely to define the phenotype of the clade 1 viruses. 
Furthermore, the Uruguay 2018, Argentina 2018, Chile 2018 and 
United Kingdom 2018 strains show seven amino acid substitutions 
when compared with the clade 1 A/equine/Ohio/1/2003 OIE 
recommended vaccinal strain: K-14T, S47P, R62K, D104N, A138S, 
N188T and V223I, as observed in viruses isolated in Europe and North 
America (25, 26, 27, 28). Four amino acid substitutions were observed 
in comparison with A/equine/Uruguay/12: A-14T, D7G, S47P and 
N188T. An additional amino acid substitution (N63D), the consequence 
of two nucleotide changes in positions 232 and 234, was observed when 
comparing viruses identified in Uruguay, Argentina, Chile and the 
United Kingdom in 2018 with the USA (A/equine/Tennessee/2014, 
A/equine/Montana/2015 and A/equine/Georgia/2016), Japan 
(A/equine/Yokohama/2017) and FC1 reference strains. However, the 
substitutions T-13I, S6N and G7D, observed in strains isolated in 
Argentina in 2018, in Chile in 2018, in the United Kingdom in 2018 
and in Japan in 2017, were absent from the virus identified as 
A/equine/Uruguay/2/2018. 
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A/eq/Argentina/E-2345-1/2012  .A...................D......................................................K....................... 70   
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A/eq/Montana/9564-1/2015      ---------------......D.......................................P..............K....................... 55   
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A/eq/Yokohama/aq100/2017      ---------------.....ND.......................................P..............K....................... 55   
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A/eq/Montana/9564-1/2015      ..................N..............................G..S............................................... 155  
A/eq/Georgia/121362-16/2016   ..................N.................................S............................................... 155  
A/eq/Yokohama/aq100/2017      ..................N.......................A.........S............................................... 155  
A/eq/East_Lothian/2/2018      ..................N.................................S............................................... 155  
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A/eq/Argentina/E434-6/2018    ..................N.................................S............................................... 170  
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A/eq/Uruguay/E1918-1/2012     .....................................I.............................................................. 270  
A/eq/Argentina/E-2345-1/2012  .....................................I.............................................................. 270  
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A/eq/Sao_Paulo/8.FMVZ/2015    .....................................I.............................................................. 270  
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A/eq/Georgia/121362-16/2016   ..T..................................I.............................................................. 255  
A/eq/Yokohama/aq100/2017      ..T..................................I..............R............................................... 255  
A/eq/East_Lothian/2/2018      ..T..................................I.............................................................. 255  
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A/eq/Ibaraki/1/07             .................................................................................................... 365  
A/eq/Limerick/1/2010          .................................................................................................... 370  
A/eq/Uruguay/E1918-1/2012     .................................................................................................... 370  
A/eq/Argentina/E-2345-1/2012  ..................................................-------------------------------------------------- 320  
A/eq/Tennessee/28A/2014       .................................................................................................... 370  
A/eq/Sao_Paulo/8.FMVZ/2015    .................................................................................................... 370  
A/eq/Montana/9564-1/2015      ........................................................................................T........... 355  
A/eq/Georgia/121362-16/2016   .................................................................................................... 355  
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A/eq/East_Lothian/2/2018      .................................................................................................... 355  
A/eq/Concepcion/RO7C/2018     .................................................................................................... 370  
A/eq/Argentina/E434-6/2018    .................................................................................................... 370  
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Fig. 4 

Comparison of partial H3N8 haemagglutinin amino acid sequences 

A/equine/Uruguay/2/2018 and other strains grouped within Florida clade 1 were aligned to the OIE-recommended vaccine strain A/equine/Ohio/1/2003 (top). Amino acid identity is represented with a dot 
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Serology 

A total of 47 serum samples from horses in the acute period of EI were 
processed by the HI and SRH tests against H3N8 
A/equine/Argentina/E-2345-1/12 (American lineage, FC1), 
A/equine/Meath/07 (American lineage, FC2) and 
A/equine/Uruguay/2/18 (American lineage, FC1). Only seven horses 
were sampled during the convalescent period and all exhibited a 
significant increase in HI and SRH antibody titres. During the EI 
outbreak in Uruguay, only 23 of the 47 horses tested were seropositive 
by the HI test against the H3N8 A/equine/Uruguay/2/18 antigen in the 
acute phase of the disease: twelve vaccinated racehorses (five in Salto, 
three in Paysandú, four in Rio Negro), two racehorses of unknown 
vaccination history (one in San José, one in Montevideo), two 
vaccinated Creole horses (both in Artigas) and seven unvaccinated 
Creole horses (one in Rio Negro and six in Artigas). 

The SRH antibody titres against A/equine/Argentina/E-2345-1/12, 
A/equine/Meath/07 and A/equine/Uruguay/2/18 were consistent with 
the HI antibody titres. Furthermore, higher titres against FC1 viruses 
were found when compared with FC2 viruses, in both HI and SRH tests. 

Discussion 

Equine influenza virus infection was the cause of a major outbreak of 
respiratory disease in thoroughbred horses stabled in training and racing 
facilities in Argentina during March and April 2018. Subsequently, 
from June to July 2018, EIV infection was diagnosed among 
thoroughbred racehorses in different establishments located in eight 
departments in Uruguay. The movement of horses among thoroughbred 
training and racing centres is usually very intensive, thus facilitating the 
spread of the EIV infection throughout the country. Equine influenza 
outbreaks in Argentina were notified to the OIE early in March 2018 
via the WAHIS interface, and normally there is frequent transport of 
vehicles and people from the affected neighbouring regions of 
Argentina to Salto and Paysandú, where the index focus was detected 
in Uruguay. 
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Equine influenza virus was isolated from nasopharyngeal swabs 
collected from these horses and characterised genetically. The present 
study is the first report of the successful isolation and genetic 
characterisation of an H3N8 equine influenza virus causing respiratory 
disease in horses in Uruguay. 

Equine influenza virus was diagnosed during the outbreak in Uruguay 
using rRT–PCR and confirmed by virus isolation and/or nucleotide 
sequencing of the partial HA1 gene. Virus isolation is a less sensitive 
diagnostic technique than rRT–PCR (eight positive samples detected by 
virus isolation against 26 positive samples detected by rRT–PCR), as 
described by Cullinane and Newton (2). In addition, serological testing 
confirmed recent exposure to the virus in affected horses. Higher titres 
were found against FC1 than FC2 antigens, probably because the 
isolated virus is antigenically more similar to the clade 1 group. 
However, to confirm this finding, an antigenic characterisation of the 
virus using ferret reference sera should be carried out. A significant rise 
in H3N8 antibody titres between paired serum samples was detected by 
HI and/or SRH. No virus was found in samples from affected horses in 
Montevideo, probably because the collection of nasopharyngeal 
samples was done at the end of the outbreak (21 June). A delay in 
veterinary intervention and sampling of affected horses has previously 
been identified as a contributing factor to the rate of diagnosis and 
therefore virus isolation during outbreaks of EI in Europe (12). 
Furthermore, the findings of nasal swabs positive for EI real-time RT-
PCR but with no infective virus are similar to those obtained by Olguin 
Perglione et al. (28) and Read et al. (29) during the EI outbreaks in 
Argentina and Australia, respectively. 

The molecular characterisation of the virus identified in Uruguay in 
2018 indicates that it belongs to clade 1 of the Florida sub-lineage of 
the American lineage and is closely related to viruses circulating in 
Chile and Argentina prior to the outbreak. Therefore, it is plausible that 
it could have spread from Chile to Argentina, as reported for the 
previous 2012 outbreak in the region (28), and subsequently to 
Uruguay. Furthermore, it has been reported that the Chilean 2018 
equine virus grouped within FC1 of the American H3N8 lineage, and 
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formed a monophyletic cluster with the strain 
A/equine/East Lothian/2/2018 isolated on February in 2018 in East 
Lothian, United Kingdom from a horse imported from the 
Netherlands (30).  

Outbreaks of EI result in economic losses due to disruption of training 
programmes, restriction of horse movement and cancellation of 
equestrian events (2). The 2018 EI outbreak in Uruguay resulted in the 
withdrawal of several horses from races, temporary cancellation of race 
meetings and a ban on the movement of horses at both national and 
international levels. Additional veterinary and laboratory costs were 
incurred as a result of the monitoring and surveillance required to 
contain the outbreak. Although racetracks require updated vaccination 
certificates for racing, it is possible that some affected and not enrolled 
horses stabled at a racetrack may be unvaccinated. On the other hand, 
veterinary official services, equestrian institutions, private veterinarians 
and horse owners from the departments where the outbreaks occurred 
(Montevideo, San José, Salto, Paysandú, Rio Negro, Canelones, Artigas 
and Colonia) reported rapid clinical recovery of the affected horses 
without secondary complications. It was concluded that the vaccines 
were at least partially protective and that the control measures 
implemented, particularly the mandatory vaccination policy, had a very 
positive impact. Furthermore, following this outbreak, countries such 
as the United Arab Emirates requested individual proof of freedom 
from EI infection before importing horses from Uruguay in an effort to 
minimise the risk associated with a virus incursion. The risk of virus 
shedding associated with international travel can also be mitigated by 
vaccination with vaccines containing epidemiologically relevant 
strains. The surveillance data reported in the current study support the 
recommendations of the ESP to include viruses from the Florida sub-
lineage of the American lineage in vaccines. Many of the vaccine 
manufacturers in Uruguay have updated their vaccine strains since the 
2012 outbreak. 
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