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KEY POINTS

� Advantages of Point of Care Diagnostics for the equine practitioner would be to treat
faster with test results while reducing the initial guess work and offering the patient optimal
care with the end goal of better clinical outcomes.

� In the last two decades the diversity of tests that can be performed using POCT devices
has expanded considerably.

� Recent advances in diagnostic technology have allowed for the development of various
Equine Point of Care diagnostics.
Point-of-care testing (POCT) refers to benchtop diagnostic modalities that have been
translated into portable and easy-to-use formats suitable for patient-side use. Recent
advances in diagnostic technology have allowed the development of a growing collec-
tion of POCT assays available to equine practitioners. Advantages include rapid re-
sults that reduce initial guesswork and promote diagnosis-targeted patient care,
which may ultimately provide better clinical outcomes. Small handheld devices
comprise most POCT technologies, providing qualitative or quantitative determination
of an increasing range of analytes, including critical care analyzers and, more recently,
hematology and immunology analyzers. New emerging devices include those using
molecular techniques such as the polymerase chain reaction to provide infectious dis-
ease testing in a POCT format. Commercially available equine POCT are discussed in
this article, highlighting some of the latest versions of these technologies.
Point-of-care diagnostics refers to benchtop diagnostic modalities that have been

translated into portable and easy-to-use formats suitable for patient-side use. The vol-
ume of human POCT has steadily increased over the 40 years since its introduction.
That growth is likely to continue, driven by changes in health care designed to deliver
less costly care closer to the patients’ homes.1 Small handheld devices comprise
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most POCT technologies, providing qualitative or quantitative determination of an
increasing range of analytes. Also included in POCT are versions of traditional bench-
top devices that have been reduced in size and complexity. These devices include
critical care analyzers and, more recently, hematology and immunology analyzers.
New emerging devices include those using molecular techniques such as polymerase
chain reaction (PCR) to provide infectious disease testing in a POCT format. TheWorld
Health Organization (WHO) has provided guidelines for those developing POCT de-
vices (Box 1).1

Recent advances in diagnostic technology have allowed the development of a
growing collection of equine POCT. Advantages of POCT for equine practitioners
include rapid results that reduce initial guesswork, promotion of diagnosis-targeted
patient care, and potentially better clinical outcomes (Fig. 1). Commercially available
POCT for horses is discussed later, highlighting features of the latest versions of these
technologies.
CLINICAL PATHOLOGY

A myriad of handheld devices exist for equine POCT, ranging from simple dipstick in-
dicators to sophisticated, cartridge-based devices used for blood gas analysis.

Blood Gas Analysis

Multiple handheld analyzers are available for equine blood gas analyses. The IRMA
Trupoint Blood Analysis System (LifeHealth, Roseville, MN) and i-STAT are used
commonly for this purpose. Compared with traditional laboratory analyzers, the
i-STAT was found to be reliable for blood gas analysis in equine venous blood sam-
ples.2,3 The i-STAT is temperature dependent and contains a built-in thermostat
that restricts its use outside of optimum operating temperatures. Cartridges must
be refrigerated. The older i-STAT models are currently being superseded by the
newer i-STAT 1. Other available handheld blood gas analyzers include the Heska
Element POC, which displays results within 35 seconds and does not require refrig-
eration of the test card; Enterprise POC (EPOC) (Alere, Waltham, MA), VetStat
analyzer (IDEXX Laboratories, Westbrook, ME) and StatPal II (Unifet, Inc, La Jolla,
CA). One study showed acceptable agreement between the EPOC and a NOVA
benchtop analyzer (NOVA, NOVA Biomedical, Waltham, MA) in 75 samples from
Box 1

The ASSURED guidelines (recommended by World Health Organization) that indicate the

features that should be designed into all point-of-care testing devices

� Affordable: for those at risk of infection

� Sensitive: minimal false-negatives

� Specific: minimal false-positives

� User friendly: minimal steps to perform test

� Rapid and robust: short turnaround time and no need for refrigerated storage

� Equipment free: no complex equipment

� Delivered: to end users

From St John A, Price CP. Existing and Emerging Technologies for Point-of-Care Testing. Clin
Biochem Rev. 2014;35(3):155-167; with permission.



Fig. 1. POCT.
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42 horses, except for partial pressure of carbon dioxide (PCO2) and chloride.4

Another study in 100 horses showed that performance (including precision and
agreement) of EPOC versus Radiometer ABL77 benchtop analyzer was good for
some tests, such as pH, oxygen tension, potassium, bicarbonate, and oxygen satu-
ration of hemoglobin, but not for others, including PCO2 and ionized calcium.5 In a
study comparing the EPOC and VetStat with a Cobas benchtop analyzer in 41
venous blood samples from 23 horses, the VetStat yielded reliable results for pH,
PCO2, potassium, and bicarbonate. However, sodium, chloride, and oxygen tension
results were less reliable. The EPOC analyzer achieved acceptable results for po-
tassium and bicarbonate, whereas results for pH, PCO2, oxygen tension, and so-
dium were considered less accurate.6 The StatPal II has shown acceptable
precision for measurement of blood gas analytes in equine blood.7 Although there
were significant differences between results for some analytes comparing the Stat-
Pal II with benchtop analyzers (Instrumentation Laboratory, IL series, in 27 samples
and Radiometer, ABL series, in 78 samples), the investigators considered these
changes to be clinically irrelevant. However, users should remain aware of the dif-
ferences and not use analyzers interchangeably.8

L-Lactate

Measuring blood and/or peritoneal fluid L-lactate concentration is an established prac-
tice in the diagnostic evaluation and management of sick equine patients. Heparinized
plasma and whole blood samples are not interchangeable because the lactate distri-
bution between red blood cells and plasma varies unevenly during and after exercise,
particularly in horses.9,10 Whole blood or peritoneal fluid samples should be run within
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30 minutes of collection because lactate concentrations may increase during stor-
age.9 Although peritoneal fluid may be centrifuged before measurement of lactate,
this is not required.5

i-STAT (Abaxis)
The i-STAT measures blood lactate as a panel including other blood gas tests. In 1
study, there was a significant bias noted between the i-STAT and automated lactate
analyzer (Yellow Springs Inc, Yellow Springs, OH) over the range of blood lactate con-
centrations evaluated (0.5–18.0 mmol/L); however, the lactate result was highly repro-
ducible.11 The i-STAT also has a built-in thermostat that prevents function when out of
the optimum operating temperature range (16�–30�C).11 Lactate may also be per-
formed, measured in synovial fluid, yielding acceptable results to the Radiometer
ABL benchtop analyzers (Radiometer, ABL series).12

Accutrend (formerly Accusport) (Roche Diagnostics, Mannheim, Germany)
This handheld portable analyzer uses an enzymatic colorimetric method and has
plasma and blood modes. Close agreement was shown between the Accutrend and
a NOVA benchtop blood gas analyzer (NOVA, NOVA Biomedical, Waltham, MA)
when lactate concentrations were measured in plasma. Results were less consistent
at higher lactate concentrations but reliable enough to show trends. Although whole
blood may be used with this analyzer to identify clinically important hyperlactatemia,
results are likely not reliable enough to monitor trends with sequential monitoring.13

Similarly, other studies evaluating the Accutrend have found that the device greatly
underestimated the blood lactate concentration at concentrations greater than
10 mmol/L. A similar underestimation occurred when the packed cell volume was
greater than 53%. However, these studies found, in contrast with blood, that plasma
lactate concentration was in the range of 0.8 to 20 mmol/L.14–17

Lactate Pro (Arkray Global Business, Kyoto, Japan)
The Lactate Pro has recently been superseded by the Lactate Pro 2. A linear relation-
ship in blood lactate concentration was shown between the Lactate Pro and a Radi-
ometer benchtop analyzer, with good correlation between the analyzers (r5 0.90) over
a range of lactate concentrations of 1.0 to 18.6 mmol/L. The repeatability for the
Lactate Pro was also high.18 Compared with the Lactate Plus and Lactate Scout,
the Lactate Pro had the highest level of agreement with a chromogenic benchtop
assay for lactate measurement in peritoneal fluid. Contrasting with the previous
study,18 the intra-analyzer variability was high for the Lactate Pro (15% coefficient
of variation [CV]) at medium blood lactate concentrations (3–7 mmol/L).19

Lactate Scout (SensLab GmbH, Leipzig, Germany)
The Lactate Scout requires 0.5 mL of whole blood and gives a reading in 10 seconds.
When 3 portable lactate analyzers were compared, the Lactate Scout had high intra-
analyzer variability at medium blood lactate concentrations (17% CV). Lactate mea-
surements in blood and peritoneal fluid were more in agreement with the chromogenic
benchtop analyzer at low (<3 mmol/L) versus high (>7 mmol/L) lactate
concentrations.19

Lactate Plus (Nova Biomedical, Waltham, Massachusetts)
The Lactate Plus uses 0.7 mL of whole blood to measure the lactate concentration in
13 seconds. Although the device significantly underestimates blood lactate concen-
trations by 0.39 mmol/L compared with a chromogenic benchtop analyzer (Lactate
kit 737–10, Trinity Biotech, Jamestown, NY), it was considered reliable for monitoring
blood lactate concentrations in horses on a conditioning program. The latter
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conclusion was based on a good correlation (r5 0.978) between the Lactate Plus and
the benchtop analyzer and results from difference or Bland-Altman plots.20

Hematology and Chemistry

Some hematologic and biochemical tests can also be performed stall-side using the
Abaxis i-STAT and other POCT instruments, as mentioned earlier. Caution should
be used when interpreting hematocrit (HCT) from the i-STAT (results may be falsely
low)2,3 and EPOC, as indicated earlier. The Heska Element provides results for several
biochemical analytes (electrolytes, urea nitrogen, creatinine, and glucose), as well as
the blood gas tests previously mentioned. Comparison with benchtop analyzers has
not been reported for blood analysis in horses.

Cardiac Troponin I

Cardiac troponin I (cTnI) is a sensitive and specific biomarker of myocardial injury. The
i-STAT can measure cTnI in 16 to 22 mL of plasma, serum, or heparinized whole blood
within 10 minutes. It uses a 2-site enzyme-linked immunosorbent assay (ELISA) with 2
monoclonal antibodies raised against different epitopes of human cTnI and, per the
manufacturer, has an analytical sensitivity of 0.02 ng/mL and a reportable range of
0.0 to 50 ng/mL. Normal cTnI concentrations for adult horses with the i-STAT are
0.00 to 0.06 ng/mL. In horses with and without experimentally induced cardiac dis-
ease, the i-STAT and benchtop immunoassay (ACCESS Immunoassay, Ohio State
University Medical Center Reference Laboratory, Columbus, OH) provided similar re-
sults for plasma cTnI.21 However, the authors have encountered multiple error mes-
sages when attempting to use the i-STAT to measure cTnI concentrations in
neonatal foals.

Serum Amyloid A

Tissue injury resulting from trauma, infection, neoplasia, or inflammation results in a
highly complex set of innate immune reactions, known as the acute phase response
(APR).22 In addition to activation and release of inflammatory molecules and cytokines,
the APR is responsible for increased hepatic synthesis and release of acute phase
proteins (APPs).22 Serum amyloid A (SAA) is a small apoprotein that circulates with
high-density lipoproteins.22,23 The protein is degraded in the liver and has a half-life
of 30 minutes to 2 hours.22,24 SAA has been studied extensively as a marker of inflam-
mation in the horse because it has many characteristics that make it uniquely suitable
as a diagnostic test. These properties include a low basal concentration followed by a
rapid, profound increase with the onset of an APR. In addition, changes in this APP
seems to correlate with the degree of tissue damage, and concentrations decrease
or increase with recovery or development of secondary infections, respectively.22,25–27

Plasma concentrations of SAA in healthy horses range from 0.5 to 20 mg/L, although
reference intervals in neonates and older horses may be slightly higher.22,28,29 SAA
has also been evaluated as a tool to evaluate fitness and the APR after exercise (for
more information, please refer to the article on SAA in this issue).
There are several methods for measuring and quantifying SAA in horses, including

single radial immunodiffusion, ELISA, slide reversed passive agglutination, electroim-
munoassay, and immunoturbidometry.29–33 The current POCT analyzer is a proprie-
tary lateral flow, membrane-based immunoassay (StableLab EQ handheld reader
with SAA test and pipette pack) that is available as semiquantitative and quantitative
versions. The POCT analyzer showed fair agreement with an automated analyzer-
based turbidimetric immunoassay (r 5 0.86, with some outliers having much higher
or lower concentrations on a difference plot) but had high intra-assay and intra-
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assay variability (13%–18% and 14%–46%, respectively) in serum or plasma. Blood
SAA concentrations showed a consistent negative bias (POCT analyzer reading lower
than serum/plasma results with the automated analyzer) at SAA concentrations
greater than 500 ng/L.22,33,34 The HCT did not affect test results in whole blood (based
on a lack of correlation between the HCT and SAA concentrations; r25 0.006). In addi-
tion, there was high interbatch variability for results greater than 1000 mg/L, as seen in
horses with severe, acute inflammation, which may preclude serial monitoring in such
horses.34 The results of the latter study indicate that the POCT analyzer can provide
useful information regarding SAA concentration in serum or plasma of horses when
values are less than 500 mg/L.34 Despite the POCT device being designed for use
with whole blood, results in whole blood are less accurate and should be expected
to be lower than in serum/plasma; therefore, when serial monitoring is used, the
same sample type should be used.34

Immunoglobulin G

One of the most widely used POCT assays available for horses is the stall-side immu-
noglobulin (Ig) G test. Traditionally, the single radial immunodiffusion (RID) was consid-
ered to be the most accurate test for quantitative measurement of antibody levels in
foals; however, testing must be performed in a laboratory and results typically take
up to 24 hours from time of receipt.35–37 As a result, numerous stall-side diagnostic
tests have been developed. These tests include the glutaraldehyde coagulation test
(GammaCheck-E), zinc sulfate turbidity test (Equi-Z), latex agglutination test (Foal-
check), enzyme immunoassay (SNAP test), and a new turbidimetric immunoassay
(ARS Foal IgG Test). The SNAP test is a semiquantitative enzyme immunoassay that
provides quick, reliable, stall-side results.36–38 In comparison, the more recently avail-
able turbidimetric immunoassay has also been shown to provide fast, reliable re-
sults.35,37,39 The RID method has been supplanted by an automated
immunoturbidometric assay in most laboratories and this also has a fast turnaround
time.40

PATHOGEN DETECTION

Pathogen detection in POCT assays is usually based on immunologic-based or PCR-
based techniques. Several PCR-based POCT systems have recently entered the vet-
erinary market for infectious disease testing. Companies such as Fluxergy LLC (Irvine,
CA), Horiba’s POCKIT Central PCR System (Japan), and Credo Biomedical’s
QubeMDx (Singapore) offer a variety of veterinary PCR assays; however, Credo
Biomedical only offers canine and feline testing at this time. These PCR POCT sys-
tems can deliver results in as little as 15 minutes, with most averaging between 45
and 60 minutes.

Streptococcus equi

Fluxergy have recently completed a developed of PCR-based POCT for the detection
of Streptococcus equi subspecies equi, the causative agent of strangles. The reaction
is based on detection of the eqbE gene of S equi, and testing can be done on nasal
secretions, respiratory lavages, and pus. Testing done at the University of California
Davis showed an overall sensitivity of 89% compared with quantitative PCR (qPCR)
for S equi, with sensitivity depending on bacterial load as determined by cycle
threshold with qPCR (ie, how many amplification cycles it takes to detect the DNA
in the sample). For strongly and moderately positive bacterial loads (arbitrarily defined
as computed tomography [CT] values <32 and CT values 32–35, respectively), the
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POCT analyzer had a 100% agreement with qPCR, whereas a weak bacterial load
(arbitrarily defined CT values >35) had 71% agreement with qPCR. The reported spec-
ificity was 100% when testing samples containing Streptococcus zooepidemicus or
those lacking bacteria. The analytical sensitivity of the POCT analyzer was 277
eqbE gene copies (Dr Nicola Pusterla, personal communication, 2019).

Borrelia burgdorferi and Anaplasma phagocytophilum
Historically, confirmation of Borrelia burgdorferi infection in horses has required either
laboratory-based ELISA or immunoblotting assays (Western blot), taking hours to
days to obtain results. The POCT SNAP4DX ELISA evaluates for the presence of
the synthetic peptide C6 derived from the IR6 region within the B burgdorferi mem-
brane protein VlsE, as well as peptides derived from the immunodominant p44 protein
of Anaplasma phagocytophilum. The test also performs antigen testing for Dirofilaria
immitis and Ehrlichia canis.41–43 The SNAP4DX ELISA was first evaluated using serum
from ponies experimentally infected with B burgdorferi. Results indicated high speci-
ficity (100%) with poor sensitivity (63%), indicating that it may be useful as a screening
tool for Lyme borreliosis in horses in endemic areas.42,43 However, even in such areas,
the test may yield false-negative results. With respect to A phagocytophilum, the
SNAP4DX ELISA had 100% sensitivity and specificity compared with an immunofluo-
rescent assay.44 However, when used to evaluate seroprevalence of disease in a non-
endemic area (0.5%–0.7% prevalence), the test showed very low sensitivity (7.4%)
compared with an indirect immunofluorescent assay, indicating that the test should
be used with caution in a low-prevalence setting.45

Rotavirus

Rotaviruses are double-stranded, nonenveloped RNA viruses. Rotavirus is subdivided
into several groups (A through G) based on differences in the group-specific inner
capsid protein, VP6. There are 3 rotavirus groups (A, B, and C) that cause disease
in humans, compared with only 1 group that affects horses (group A).46 Because
equine rotavirus is among the group A strains, it would be anticipated that test kits
marketed for human use that are based on antibodies directed against the core pro-
tein VP6 (antigenically conserved among group A rotavirus strains) should detect the
virus in equine feces. These test kits are anecdotally being used as a quick equine
POCT assay for rotavirus detection in many equine hospitals, because they yield re-
sults within 10 minutes. However, in a recent study done by one of the authors
(N.M.S.), 1 of these kits (Immunocard Stat, Meridian Biosecience Inc, Cincinnati,
OH) yielded false-negative results compared with an equine-specific real-time PCR
assay (IDEXX Equine Diarrhea Panel RealPCR). Thus, practitioners must remember
that these kits require validation before anticipating they will yield accurate results.

Fecal Egg Count

The fecal egg count is traditionally performed by weighing a certain amount of feces,
homogenizing it by mixing, and then separating parasite eggs from debris by flotation.
The fecal egg count is then quantified using a McMaster counting chamber. Although
performed routinely, the process can be laborious and open to human error.47–49

Other homogenization techniques have been developed to make parasite quantifica-
tion easier and less labor intensive, such as the Flotac and Mini-Flotac systems (Vet-
erinary Parasitology and Parasitic Diseases Department of Veterinary Medicine and
Animal Productions University of Naples Federico II). The later techniques have
been designed to accommodate a larger volume of fecal suspension, leading to a
lower limit of detection.50 The Mini-Flotac system is potentially a stall-side device,
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because it does not require a centrifuge, just a microscope. The Mini-Flotac is
composed of two 1-mL flotation chambers within a device containing a base, a
reading disc (required 40� objective), and a translational disc. It is used with a 5-g
Fill-Flotac system for generating a homogenized filtered sample, which can then be
loaded directly into the counting chambers. Egg counts are then performed routinely
with a microscope. A smartphone-based application has been developed to reduce
operator error in microscope quantification (The Parasight System, MEP Equine Solu-
tions, Lexington, KY).47,48,51–53 This application is based on detection of fluorescently
labeled eggs in the McMaster counting chamber and requires a fluorescent imaging
device (smartphone application) or microscope as well as harvesting stained eggs
off a 27-mum filter.47,48,53 The smartphone counting methods had higher precision
than the standard McMaster or Mini-Flotac techniques and similar accuracy to the
McMaster chamber. Accuracies for the smartphone application and the McMaster
chamber were lower than for the Mini-Flotac method.
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