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ABSTRACT
Introduction: While clinical respiratory disease is
considered a main cause of poor performance in
horses, the role of subclinical respiratory virus
infections is less clear and needs further investigation.
Aims and objectives: In this descriptive longitudinal
study the relationship of markers of subclinical respiratory
viral activity to occurrence of poor performance in racing
Standardbred trotters was investigated.
Material and methods: 66 elite Standardbred trotters
were followed for 13 months by nasal swabs analysed
with qPCR for equine influenza virus, equine arteritis
virus, equine rhinitis B virus (ERBV), equine
herpesvirus type 1(EHV-1) and equine herpesvirus type
4 (EHV-4) and serology to equine rhinitis A virus
(ERAV), ERBV, EHV-1 and EHV-4, as well as the acute
phase protein serum amyloid A (SAA). Findings on lab
analyses were subsequently assessed for possible
correlations to workload performance and trainer
opinion measures of poor performance.
Results: Despite occurrence of poor performance and
subclinical viral activity the authors were unable to
detect association neither between subclinical viral
activity and poor performance, nor between SAA
elevations and either viral activity or poor performance.
Conclusions: Consistent with earlier study results,
antibody titres to ERBV remained high for at least a year
and few horses two years or older were seronegative to
either ERAV or ERBV. In absence of clinical signs,
serology to common respiratory viruses appears to have
little diagnostic benefit in evaluation of poor
performance in young athletic horses.

INTRODUCTION
Viral respiratory infections are among the
most common equine health issues world-
wide (Traub-Dargatz and others 1991) and
cause impaired health and performance of
the horses as well as financial losses for the
owners and the equine industry. In the
early1980s outbreaks of equine respiratory
disease often remained undiagnosed
(Mumford and Rossdale 1980). Despite
several decades of research since then, the

authors’ understanding of equine respiratory
infections remains incomplete.
For the athletic horse, lack of participation

in competitions is a clear indication of career
impairment. However, when horses do
compete, it is even more challenging to
define true poor performance. Since there
are no widely accepted standard definitions
for poor performance with various studies
having used different criteria, comparison of
results between studies is seldom possible
(Leleu and others 2005, Richard and others
2010). Compounding the difficulties in defin-
ing poor performance, the challenge remains
in identifying the underlying cause of poor
performance, since it is often multifactorial
(Morris and Seeherman 1991). For
Thoroughbred horses, locomotor and respira-
tory problems have been incriminated as the
main causes for disruption of training and
racing (Wilsher and others 2006). Specifically,
viral infections may play a key role in the
respiratory component of poor performance
(Mumford and Rossdale 1980). While sub-
clinical airway inflammation has been identi-
fied in Standardbred trotters with impaired
performance (Richard and others 2010) the
contribution by possible viral infections was
not investigated. Unfortunately, since viral
infections are largely refractory to diagnosis
using stall side testing, there is a need for
alternative biomarkers that help avert training
or racing of a horse with underlying viral
infections. Changes in the major acute phase
protein serum amyloid A (SAA) appear to
correlate to clinical equine influenza infec-
tion (Hulten and others 1999). However, it is
unclear whether levels are altered in subclin-
ical equine influenza or other respiratory
viral infections, and hence its potential role as
a diagnostic tool for viral associated equine
poor performance remains unknown.
Subclinical infections as causes of poor per-

formance in the equine athlete have been
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described earlier (Leleu and others 2005, Richard and
others 2010, Fraipont and others 2011). However, while
viral activity (Powell and others 1978, Carman and others
1997, Pusterla and others 2011) and antibodies to rhinitis
viruses (Black and others 2007) in competition horses
has been studied before there is a lack of studies investi-
gating the relationship between viral infection status and
athletic performance in horses. The aim of this longitu-
dinal study was to investigate the relationship of subclin-
ical respiratory viral activity on the athletic performance
in Standardbred trotters. In addition, the authors also
evaluated whether changes in SAA could be related to
subclinical viral activity in the horse or to episodes of
poor performance.

MATERIALS AND METHODS
Description of the cohort
A cohort of 66 trotters from four different training yards
(TYs) with geographical proximity to the National
Veterinary Institute (SVA) in Uppsala, Sweden was fol-
lowed over 13 consecutive months between August 2010
and August 2011. Horses were selected based on follow-
ing inclusions criteria: more than two years of age, in
active racing and training, healthy on clinical examin-
ation and expected to remain with the same trainer for
the duration of the study. The clinical examination
included assessing rectal temperature, and presence of
nasal discharge or cough, palpation of submandibular
lymph nodes and a lameness examination. The numbers
of horses included from each trainer was predetermined
to reflect the distribution across the age groups at each
trainer (i.e. proportional sample). The health status of
all horses was monitored by the same veterinarian
weekly throughout the study period. As long as horses
remained with the same trainer, all horses trained and
raced according to their normal schedule. However,
unexpected injury could interrupt their schedule.

Sampling
Horses were sampled at monthly intervals. Each sampling
occasion took place immediately following a standardised
field exercise test (SFE, see below), with nasal secretions
obtained using an Eswab (Eswab, Copan, Murrieta, USA)
(Daley and others 2006) and serum samples collected by
direct venepuncture into Vacutainer tubes (Becton,
Dickinson and Company, Franklin Lakes, USA). The
resting body temperature and clinical signs of respiratory
disease such as fever, nasal discharge or cough were
recorded. Similar sampling was also conducted in any
horse showing poor performance and/or having clinical
signs of respiratory disease outside the planned sampling
schedule. Nasal swabs and blood samples were trans-
ported at 20°C temperature to the laboratory, serum cen-
trifuged within one day from arrival and stored with nasal
swabs at 4°C for one to three days until analysis. An
aliquot of serum was stored at −20°C for subsequent ana-
lysis for concentration of SAA.

Standardised field exercise test
The SFE was used as an objective measurement of
fitness of the horses. All SFEs were conducted on the
racetracks at respective TYs and were standardised
within each TY. After a standardised warm-up, every
horse had its running time recorded over a set distance
of 500–2000 m (depending on TY), where the driver
used a heart rate (HR) monitor (Polar Equine CS600X,
Polar Electro Sverige AB, Bromma, Sweden) to keep the
horse working at 210 bpm. This procedure was to ensure
that blood lactate accumulation would exceed 4 mmol/l
based on earlier studies showing lactate accumulation of
4 mmol/l at a HR of 200 bpm (Persson 1983). While the
set HR of SFE likely demanded differing workload from
individual horses, every horse was its own control for
comparing running times as measures of its fitness.

Poor performance
Performance of the horses was defined in a three-step
procedure. First, trainers’ subjective opinions were used
to classify performance based on the SFE or the training
or race on the same or the previous day. Secondly, per-
formance was defined mathematically where one SFE
deviating more than one sd from the individual horse’s
mean running time of all SFEs, was defined as poor per-
formance. This classification step was only made if the
horse had carried out at least four SFEs during the study
period. All SFE recordings were then analysed graphic-
ally per horse focusing on time trends considering age
and experience. A poor performance event based on
mathematical criteria could be redefined as normal per-
formance, if an SFE with a slow running time occurred
early in the study period, when the horse was young and
inexperienced and the graphical evaluation showed a
clear trend with improvement during the study period.
Three horses were reclassified from poor to normal per-
formance based on this adjustment criterion. The third
step combined trainer and SFE data to define poor per-
formance on any criteria.

Laboratory analysis
All laboratory analyses were carried out at SVA. Serum
antibodies to equine herpesvirus type 1 (EHV-1) and
equine herpesvirus type 4 (EHV-4), equine rhinitis A
virus (ERAV) and equine rhinitis B virus (ERBV) were
analysed within one to three days after arrival to the
laboratory whereas SAA was analysed within two weeks.
Remaining serum was kept at −20°C and the swabs were
stored at −70°C. Nasal swabs were analysed for the
nucleic acid of equine influenza virus (EIV), EHV-1 and
EHV-4, ERBV and equine arteritis virus (EAV) using
qPCR.

qPCR
Primer and probe sequences for the in-house developed
assays targeting EHV-1, EHV-4, ERBV and EIV were
designed using the software Beacon Designer (Premier
Biosoft), GenBank number for sequences used for the
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design of oligos: EHV-1: M29234, M19966, L07272;
EHV-4: AF030027; ERVB: X96871, EIV: AF001662,
AF001664, AF001665, AF001666, AF001667, AF0011668,
AF001669, AF001671, AF001672, AF001673. For the
detection of EAV, primer and probe sequences as earlier
described (Balasuriya and others 2002, Lu and others
2008) were used.
All qPCR assays were performed as follows: 10 µl

proteinase k (Sigma, P4850,Sigma Aldrich, St Louis,
USA) was added to 90 µl of the Eswab buffer before
nucleic acid extraction in a Magnatrix 8000+ robot
(NorDiag AB, Hägersten, Sweden) using the extraction
kit NorDiag Vet Viral NA (NorDiag AB, Hägersten,
Sweden) extraction kit according to the manufacturer’s
instructions. The nucleic acid was eluted in 70 µl elution
buffer of which 2 µl were added to 13 µl of PCR-mix
(AgPath-ID One-Step QPCR, Applied Biosystems) for
each assay. TaqMan PCR assays targeting the genes
described in Table 1 were used. The thermal profile
used was: 45°C for 10 minutes, 95°C for 10 minutes fol-
lowed by (95°C for 15 seconds; 60°C for 45 seconds)
×48. The tests were run in parallel on a 96-well plate.
The results from the qPCR were measured as Cq (quan-
tification cycle) values, previously referred to as Ct
values, where Cq<40 was considered as a positive result.
This table shows the names, mastermix concentrations,

sequences and targets for primes and probes used for
equine arthritis virus (EAV), EHV-1, EHV-4, ERBV and
EIV included within the multiplex qPCR assay that was
used in a cohort of Standardbred trotters. (T)i indicates
the use of an internal quencher DABCYL.

Virus neutralisation test
Presence of ERAV and ERBV antibodies was demon-
strated by virus neutralisation (VN) test (Kriegshauser
and others 2005) using ERAV strain 1722/Switzerland
and ERBV 5/15/95 Newmarket strain in the assay.
Dilutions tested ranged from 1:2 to 1:156250 for ERAV
and from 1:2 to 1:256 for ERBV.

Complement fixation test
The presence of antibodies for EHV-1 and EHV-4 was
examined by complement fixation (CF) test as earlier
described (Thomson and others 1976) with guinea pig
complement and erythrocytes from sheep (Rockborn
and others 1990). Dilutions tested in this assay ranged
from 1:4 to 1:64.

Serum amyloid A
The SAA analyses were performed as earlier described
(Hillstrom and others 2010), where a serum concentra-
tion of ≤20 mg/l was classified as normal (Jacobsen and
Andersen 2007).

Viral activity criteria
Three different criteria were used for defining exposure
to infectious disease:

1. Presence of viral nucleic acids to named viruses in
nasal swabs as demonstrated by qPCR assay indicating
ongoing viral activity.

2. A seroconversion defined as a fourfold rise in titres
of antibodies between consecutive monthly samples,
and interpreted as response to recent viral activity.

3. A high antibody titre in single or multiple samples, as
often used in the equine industry as an indication of
recent infection and by extension, a reason for poor
performance. Antibodies were considered high
according laboratory standards at SVA with titres of
1:8 or higher used for the EHV-1 and EHV-4 CF tests
and titres of 1:13975 and 1:90 by VN testing to ERAV
and ERBV, respectively.

Statistical analysis
Descriptive statistics on sampling occasions, lab results
and performance (SFE and trainers opinion combined)
were computed per TY. The number of positive qPCR
results and serological samples above the positive thresh-
old are presented as total and according to poor per-
formance (yes/no) assessed in three ways (according to
trainer, SFE or either) in separate analyses; in total and
per type of sampling occasion (regular v additional).
Unconditional associations between poor performance
and viral respiratory infection were investigated by logis-
tic regression including only the outcome and the differ-
ent viral activity criteria evaluated in separate logistic
models (one per each specific combination of exposure
and outcome), generating crude ORs. As observations
were not independent but clustered within horse (up to
13 sample occasions per horse) and TY (n=4), the ses
from the unconditional analyses were likely underesti-
mated hence producing overly narrow CIs. Therefore,
random effects logistic regression models (one per inde-
pendent variable, i.e. virus infection parameter) were
performed with random effects for horse and TY. The
maximum log likelihood estimation of these models was
performed using adaptive Gaussian quadrate methods.
Results of the additional samples were analysed in
similar manners as regularly taken samples.
All analysis was performed using Stata statistical soft-

ware (Stata, release V.11.2: College Station, Texas, USA:
StataCorp LP).

RESULTS
Description of the cohort
Sixty-six horses entered the study and collectively were
sampled 672 times during 13 months. At recruitment,
the mean age was three years (range 2–8 sd 1.33). Of
the 66 horses, 25 were sampled 13 times or more. One
horse was excluded from the study on the owner’s
request and four horses left the study due to moving
into breeding or to severe injury. Two horses had
change of trainer after the first sampling occasion and
were excluded. These horses were replaced by two
recent additions to the TY, which were thus included in
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the study from months 2 and 3, respectively. Another 15
horses left the study prematurely at various time points
due to change of trainers after contributing 2–10 occa-
sions. As well, one to three sample occasions were
lacking from19 horses due to racing on the sampling
day. From the 672 sample occasions, 88 were excluded
from further analysis because of injury or disease unre-
lated to the respiratory tract, and data were therefore
missing for those occasions. The results of the authors’
analyses are based on the remaining 584 sampling occa-
sions in 63 horses, of which 560 were regular and 24
were additional sampling occasions. The additional sam-
pling occasions were mostly clustered within one trainer.

Poor performance
The trainers’ opinion was registered on all 584 occasions
and results from SFE were available in 327 occasions.
The SFE was not performed on 257 occasions due to:
altered training schedule due to racing (n=160), poor
race track conditions (n=62) or signs of mild respiratory
disease (n=35). In total there were 96 (16 per cent)
events of poor performance identified at the 584 sam-
pling occasions. Of these 52 events were based on trai-
ners’ opinion and 45 of them on SFE. Of the 52
trainers’ opinion-based events of poor performance 9
also had a SFE conducted, but only one of the SFEs was
classified as poor performance.

Laboratory analysis
Results from the laboratory analysis and the perform-
ance were subdivided by trainer and listed in Table 2.
This table describes the different outcomes and expo-

sures of the horses in a prospective longitudinal study,
divided into the four participating TYs.

qPCR
None of the horses were positive for EIV, EHV-1 or EAV on
the qPCR, and thus these viruses are not included in

Table 2. Five samples from four horses tested positive for
ERBV with Cq-values within the range of 33.6–35.9 (one
horse was positive twice with one month with negative
results in between). None of the qPCR-positive ERBV sam-
pling occasions coincided with seroconversion, and sero-
conversion did not occur in association with the single
qPCR positive sampling occasion for EHV-4 (Cq=28.9).

VN test
Fig 1 shows the age distribution of the ERAV antibody
titres, with measurable but low and stable titres for the
majority of individuals, and only two per cent truly sero-
negative sampling occasions. Thirty-eight of the horses
had ERAV antibody titres, that remained under the
cut-off during the entire study and the remaining 25
horses had 78 sampling occasions with titres above the
cut-off. Three horses from one TY had a fourfold rise in
titres between monthly sampling occasions.
Regarding ERBV 29 horses had titres consistently

under the cut-off, and 34 horses had 133 sampling occa-
sions with titres above the cut-off. Eight horses had
single events of fourfold rise in titres between monthly
sampling occasions. One horse was completely seronega-
tive on a single sampling occasion and had very low
titres (1:8–1:16) in remaining samples.

CF test
For the CF analysis of EHV-1 and EHV-4, 64 samples were at
the threshold of 1:8 or higher. Of these, 14 had been vacci-
nated against equine herpesvirus four to eight weeks earlier.
There were 10 horses that had paired samples with a four-
fold rise in titres of antibodies, eight of which had been vac-
cinated against EHV-1 and EHV-4 four weeks earlier.

SAA
Of the 584 sample occasions SAA was classified as posi-
tive in 10 animals (i.e. SAA >20 mg/l) (4<100 mg/l, 4
130–650 mg/l, 2<900 mg/l).

TABLE 1: Primers and probes used in the multiplex qPCR assay

Virus Primers and probes

Conc.

(nM) Sequence 50-30 Reference Gene size

EAV EAV 7.53 F

EAV 7.256R

EAV 7.92R

400

400

134

GGCGACAGCCTACAAGCTACA

CGGCATCTGCAGTGAGTGA

6-FAM-TTGCGGACCCGCA(T)iCTGACCAA

[14;15] ORF6-ORF-7

204 bp

EHV-1 EHV-1 Forward

EHV-1 Reverse

EHV-1 TaqMan

400

400

134

GCGATATTAACTTATGCCTCTGGA

GTAGATTCTGTACCGTTTGCGTTA

6-FAM-TAGCTCCAGCCAGAG(T)iACGCCCGC

This publication Glycoprotein C

143 bp

EHV-4 EHV-4 Forward

EHV-4 Reverse

EHV-4 TaqMan

100

100

134

AGCCTACAGCGTGGAACACA

CATGTCACCGAGTAGGTAGCG

6-FAM-ACCCTTG(T)iGTTTGACCGCCACCCG

This publication ORF2, TK

105 bp

ERBV ERBV Forward

ERBV Reverse

Rhi TaqMan

400

400

134

GAGGAACCTGACAGTTTTGAGTTG

ATCTGTGCAAACAATGAGGAAGC

6-FAM-AAGCC(T)iCAACAGCAGCCTCCAGGT

This publication RNA Pol

128 bp

EIV Influenza Forward

Influenza Reverse

Influenza TaqMan

100

100

134

ATGGACCAGGCAATCATGGATAA

GGAAGAGAAGGCAATGGTGAAATT

6-FAM-CGCCAACGAC(T)iGCTCCTTCTTCGG

This publication NS1

146 bp

EAV, equine arteritis virus; EHV, equine herpesvirus; EIV, equine influenza virus; ERBV, equine rhinitis B virus
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SAA was elevated in 6 of 96 events of poor perform-
ance whereas no elevations were found in sampling
occasions when qPCR for virus was positive. SAA was
also normal in all samples with high antibody titre for
ERAV, and all but one each of the occasions with high
titres to ERBV and EHV-1 and EHV-4.

Statistical analysis
Random effects logistic regression did not identify any
significant association between poor performances and
the activity or presence of different viruses investigated
in this study.

Clinical signs versus laboratory analysis
No clinical respiratory signs were observed in
qPCR-positive horses (five for ERBV and one for EHV-4)
nor in horses with high antibody titres to ERAV, ERBV
and EHV-1 and EHV-4. Moreover, none of these horses
had changes in concentration of SAA indicative of sys-
temic inflammation.

Poor performance versus laboratory analysis
In Table 3, positive lab results are combined with per-
formance of the horses and divided into three groups:
all sampling occasions, regular sampling occasions and
additional sampling occasions.
Estimates of poor performance were based on trai-

ners’ opinion and SFE test, and results from laboratory
analysis for viral infections of equine herpesvirus (EHV),
ERAV and ERBV, in 63 Standardbred trotters from four
high-performing TYs in Sweden. The number of sample
occasions in each category is divided into three groups:
all samples, the samples taken on regular basis once a
month and the extra samples, during which presence of
poor performance (Yes/No) was recorded.
The five ERBV sampling occasions positive in qPCR

were all from horses from the same trainer. Two of these
were from the same horse and detected with two
qPCR-negative intervening months. Poor performance
(based on SFE) was observed on the second positive
occasion. None of the other qPCR-positive samples,
including the EHV-4 positive, were associated with epi-
sodes of poor performance. Similarly, poor performance

TABLE 2: Laboratory results and performance divided on training yards

TY 1 TY 2 TY 3 TY 4 Sum

Horses (n) 36 10 14 3 63

Horses excluded (n) 1 0 2 0 3

Horses added (n) 0 0 2 0 2

Sampling occasions* (n) 314 110 126 34 584

Additional sampling occasions† (n) 20 3 0 1 24

Horses with additional sampling occasions (n) 16 3 0 1 20

Sampling occasions (%)

max: horse×13

67 83 69 100 –

Horses without missing sampling occasions (%) 0 20 0 100 –

Positive PCR

ERBV (n)

5 0 0 0 5

Positive PCR

EHV-4 (n)

0 1 1 0 2

Titres above cut-off ERBV (n) 67 23 17 26 133

Titres above cut-off ERAV (n) 32 12 27 7 79

Titres above cut-off EHV-1, EHV-4 (n) 44 18 2 0 64

Fourfold rise titre

ERBV (n)

3 3 2 0 8

Fourfold rise titre

ERAV (n)

3 0 0 0 3

Fourfold rise titre

EHV-1, EHV-4 (n)

1 8 1 0 10

Poor performance, total (n) 54 23 15 4 96‡

Poor performance, SFE (n) 21 8 14 2 45

Poor performance,

according to trainer (n)

33 16 1 2 52

SAA above threshold (n) 7 0 3 0 10

*The number of sampling occasions that were based on the regular monthly visits
†Additional sampling occasions due to events of poor performance and/or clinical respiratory signs, occurring outside regular sampling
occasions
‡The 96 sampling occasions with poor performance included 52 which were based on trainers’ reports and 45 based on SFEs and 1 horse in
which trainers’ report and SFE coincided
EHV, equine herpesvirus; ERAV, equine rhinitis A virus; ERBV, equine rhinitis B virus; n, number; SAA, serum amyloid A; SFE, standardised
field exercise test; TY, training yard
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was not observed in the three horses with fourfold rise
in antibody titres of ERAV.

DISCUSSION
Despite rigorous sampling for viral activity in combin-
ation with assessment of several measures of perform-
ance in this field study, the authors were unable to
detect association between poor performance and sub-
clinical activity of included respiratory viruses by using
qPCR assay and available serological methods. However,
the limited number of subclinical viral activity detected
limits the power of the analysis. Moreover, the paucity of
qPCR-positive samples detected in this study suggests a
low activity of tested viruses in this population of high--
performing horses during the sampling period.

Nonetheless, this work clearly identified both respiratory
virus shedding occasions and seroconversion in the
absence of clinical disease or poor performance.
The low percentage of seronegative samples to ERAV

(two per cent) in the present cohort of horses more
than two years of age is in agreement with other studies
that report a strong positive correlation between age and
seroprevalence (Holmes and others 1978, Black and
others 2007). Most of the horses had VN antibody titres
to ERAV, suggesting that the virus is widespread in the
study population. However, the stable titres indicate that
active infection was uncommon, and consistent with
results from an earlier study that implied high antibody
titres to ERAV were maintained long after infection, pos-
sibly resulting in lifetime immunity (Burrows 1979). It
was possible for the horses to be exposed to viral

FIG 1: Antibody titres to equine rhinitis A virus (ERAV) distributed in the different age groups of a cohort of Swedish

Standardbred trotters

TABLE 3: Laboratory results and the performance of the horses

All sampling

occasions

Regular sampling

occasions

Additional sampling

occasions

Poor performance

(SFE and trainers opinion) No Yes No Yes No Yes

Titres above cut-off ERBV 112 21 109 17 3 4

Titres above cut-off ERAV 68 10 66 9 2 1

Titres above cut-off EHV-1, EHV-4 50 14 50 11 0 3

Fourfold rise titre ERBV 7 1 7 1 0 0

Fourfold rise titre ERAV 3 0 3 0 0 0

Fourfold rise titre

EHV-1, EHV-4

9 1 9 1 0 0

EHV, equine herpesvirus; ERAV, equine rhinitis A virus; ERBV, equine rhinitis B virus; SFE, standardised field exercise test
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infections at races or at introduction of new horses at
the TYs, however, a rise in titres of antibodies would be
expected if a clinical infection would have occurred. In
order to evaluate the diagnostic value of single high anti-
body titre samples when investigating poor performance,
the authors analysed all horses individually using the
viral activity criteria. However, since one high titre could
remain stable without signs of ongoing infection, the
diagnostic value of a single serum sample appears to be
minimal. In the present study three seroconversions to
ERAV at one occasion at one TY without accompanying
clinical respiratory signs or poor performance, indicated
an active subclinical infection by this virus. Furthermore,
the seroconversions without clinical signs observed
in already seropositive horses, support other work sug-
gesting that persistent antibodies to ERAV have a pre-
ventive effect against clinical disease with re-infection
(Diaz-Mendez and others 2014).
For ERBV all but 0.2 per cent of the sampling occa-

sions had VN antibodies, indicating that the virus is
widespread. Moreover, the eight seroconversions to
ERBV at different occasions occurred without clinical
signs and with normal performance indicating subclin-
ical infection. This suggests antibodies to ERBV might
have a protective effect against clinical disease after
re-infection. Similar to the authors’ findings for ERAV,
single high titres to ERBV appear to be of little clinical
value to predict recent or ongoing infection.
Despite identifying 10 occasions of SAA elevations that

have been shown to occur in EIV (Hulten and others
1999) and other conditions with systemic inflammation
(Jacobsen and Andersen 2007), none were associated with
either subclinical viral activity or poor performance as it
was defined in this study. Furthermore, no correlation
between the levels of SAA and the performance could be
detected in the serially sampled horses in this study. This
contrasts a previous cross-sectional study including 38
endurance horses, where mean values of SAA were higher
after workload in the group of 9 horses with poor perform-
ance compared with the group of 11 with intermediately
performance (Fraipont and others 2011). The difference
observed between the studies may be because the mean
value of SAA was evaluated and compared, whereas the
present study evaluated SAA individually. However, the
workloads differed substantially between the endurance
horses where exhaustion and metabolic problems can be
expected and provide a far stronger inflammatory stimulus
for SAA elevation compared with intensive but compara-
tively short-lived workload of the trotters.
This study used two ways to determine the perform-

ance of the horses; one subjective method (trainers
opinion) and one objective method (SFE) based on
well-established methods using HR and speed to ensure
blood lactate exceeded 4 mmol/ml (V4, V200)
(Courouce and others 1997; Leleu and others 2005)
and then combining them to maximise the cases of
poor performance identified. Despite this approach, the
poor performance events in this study were few.

Unfortunately, it was not possible in this study to identify
whether the trainers and the SFE were defining poor
performance in a different way, since only nine SFEs
were performed of the 52 occasions when poor perform-
ance was registered according to the trainer. Out of the
52 occasions when trainers reported poor performance,
15 were taken as additional occasions due to poor per-
formance according to the trainer and therefore SFEs
were lacking. Although SFEs and trainers only agreed on
poor performance in one of the nine occasions, six of
the remaining eight SFEs had among the slowest individ-
ual running times (but not slow enough to be classified
as poor performance in the SFE). This suggests that the
relationship between SFEs and the opinion of the pro-
fessional trainer deserves further scrutiny. This result
also shows the usefulness with complimentary definitions
of poor performance in a longitudinal study in TYs.
This study followed high-performing Standardbred

trotters in their own environment over a year. The
authors were therefore able to study how natural viral
infections can appear in the same elite horse over time.
The long study period was also a limitation, since the
authors could not control if a horse suddenly left the
study due to change of trainer, injury or disease. Since
the laboratory result, performance and health status
were evaluated individually before statistical analysis, loss
of observations would not lead to biased results. There
are obvious limitations with using trainers’ opinion as a
way of determining poor performance since it is very
subjective. However, trainers do contact veterinarians
when they have the impression of poor performance
and the parameter can therefore be of interest to the
equine clinician. By sampling horses monthly, there is
always a risk of unnoticed infections. In this study the
horses were weekly monitored by the same veterinarian,
making detection of clinical respiratory disease and the
opportunity of extra samples possible. Due its rare
occurrence in horses with clinical disease in Sweden,
qPCR assay for ERAV was not prioritised in this study.
Furthermore, serological analysis against other known
viruses such as EIV and EAV was not included, since all
horses were vaccinated twice per year against EIV and
clinical disease due to EAV is rare in Sweden.

CONCLUSIONS
In this study, subclinical viral activity, as indicated by ser-
oconversions, single high antibody titres and/or qPCR
positivity to ERAV, ERBV, EHV-1 and EHV-4 were not
associated with either quantitative or qualitative epi-
sodes of poor performance. Additionally, changes in
the acute phase protein SAA were not predictive of
either subclinical viral activity or poor performance in
these horses. Finally, few to no horses two years or
older were completely seronegative to ERAV and ERBV
and VN antibody titres to ERBV can remain high for at
least one year in the absence of viral shedding or
seroconversion.
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