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Introduction

Monitoring the inflammatory response is a clinical challenge,
because the classical galenic clinical signs - dolor, rubor,
calor, tumor and functio laesea - are not always clinically
manifest. Recognising inflammation in a horse with a
purulent wound usually requires nothing more than a clinical
assessment, but in horses that do not display obvious clinical
signs yet remain ill, blood-biochemical and/or
haematological testing may be necessary in order to identify
indiscernible inflammatory disease. The search for blood
parameters indicative of the presence of inflammation has
therefore been intensive for many decades, both in
veterinary and human medicine. Within the last couple of
decades, interest has focused on the potential of the acute
phase proteins (APPs) as indicators of the presence, degree
and time course of inflammation, since these proteins are
released in large quantities to the blood stream in response
to infection and tissue injury. Acute phase proteins comprise
a large and very heterogeneous group of proteins, among
which serum amyloid A (SAA) seems to be a particularly
sensitive marker of inflammation (Mozes et al. 1989;
Chavatte et al. 1992; Stoneham et al. 2001; Hultén and
Demmers 2002). In human medicine numerous clinical
applications of SAA have therefore been evaluated in the last
15–20 years, and veterinary researchers have indicated
similar potential use of SAA in cattle and pets (Alsemgeest et
al. 1994; Horadagoda et al. 1999; Kajikawa et al. 1999;
Karreman et al. 2000; Sasaki et al. 2003). However, in
horses, the SAA response has been investigated to a limited
degree, which is an impediment for the use of SAA in
evidence-based equine medicine. 

The purpose of this paper is to review what is
currently known about the equine SAA response and to
discuss present and possible future applications of SAA
as a marker of inflammation in the equine clinic.

The acute phase response

The acute phase response (APR) is a nonspecific, yet highly
complex and well-orchestrated set of inflammatory reactions
that occur immediately after injury. It is a complicated network
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Fig 1: Overview of the acute phase response. Cytokines such as
interleukin-1, interleukin-6 and tumour necrosis factor- are
released from cells - especially monocytes and macrophages -
activated by aseptic and septic inflammatory stimuli. The
cytokines have effects of many different cells and tissues in the
body, including the liver and certain extrahepatic tissues,
where they induce acute phase protein synthesis. They are also
responsible for many of the clinical signs that accompany
infection and inflammation.
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or cascade of host responses, which is induced by any process
that leads to tissue damage (e.g. bacterial and viral infection,
parasite infestation, trauma, surgery, ischaemic necrosis, burns
and neoplasia). The APR is characterised by numerous local
and systemic changes and involves many cell types and organs
(Fig 1) (Kushner and Mackiewicz 1993; Gabay and Kushner
1999). Notwithstanding its name, APR accompanies both
acute and chronic (active) inflammatory disorders. 

The APR is initiated when injured cells and tissues release
‘alarm molecules’ (e.g. reactive oxygen species, arachidonic
acid metabolites and modified host proteins recognised as
foreign), and thereby activate monocytes and macrophages to
produce a large number of inflammatory mediators, among
which the cytokines play very important roles (Koj 1996). The
local, paracrine effects and the distant, endocrine effects of
cytokines propagate the APR cascade by stimulating several
other cell types (Fig 1). Cytokines also elicit many of the
clinical signs of the presence of infection and inflammation
(e.g. fever, leucocytosis and weight loss).

During the APR the metabolism is directed at removal of
the inflammatory stimulus, promotion of healing and repair
processes, and restoration of homeostasis. A central
pathophysiological step of the APR is hepatic synthesis and
hence increased plasma concentrations of APPs. 

The acute phase proteins

Acute phase proteins are proteins whose plasma concentrations
change with at least 25% during the APR to infectious and
noninfectious diseases (Kushner and Mackiewicz 1993; Gabay
and Kushner 1999). More than 30 proteins are defined as APPs
in man. The group of positive APPs, i.e. those whose plasma
concentrations increase during the APR, are grouped according
to characteristics of their pattern of response to stimulation:
• The major APPs are those that have very low or

undetectable levels in plasma of healthy individuals, and
whose plasma concentrations increase more than 10 and
often 100 or 1000 times during acute phase states. Serum
amyloid A is the only major APP identified in the horse to
date (Table 1).

• The minor and moderate APPs are those that are already
present in plasma of healthy individuals, and whose
concentrations increase only 1–10 times during the APR.
Fibrinogen, haptoglobin and 1-acid glycoprotein are
examples of minor/moderate equine APPs (Table 1).

The negative APP plasma concentrations decrease during
the APR. In horses and many other species albumin is a
negative APP (Allen and Kold 1988). During the APR the
demand for amino acids for synthesis of the positive APPs is
markedly increased, which necessitates reprioritisation of
hepatic protein synthesis: albumin synthesis is down-regulated
and amino acids shunted into synthesis of positive APPs
(Aldred and Schreiber 1993). It has been proposed that during
the APR, 30–40% of the hepatic protein synthesising capacity
is used for production of positive APPs (Whicher and Dieppe
1985), and household functions thus need to be diminished. 

The APPs have different kinetic profiles (Table 1): some
increase within a few hours of infection or tissue injury and
reach peak values within one or 2 days, whereas others have a
slower increase and remain elevated for longer. In horses, SAA is
an example of the former group (Pepys et al. 1989; Nunokawa
et al. 1993). Haptoglobin, 1-acid glycoprotein and C-reactive
protein have intermediate response times (Allen and Kold 1988;
Takiguchi et al. 1990; Yamashita et al. 1991; Taira et al.
1992a,b), whereas fibrinogen and ceruloplasmin concentrations
do not peak until 7–10 days after experimentally induced
inflammation and may remain elevated for several weeks (Smith
and Cipriano 1987; Auer et al. 1989; Okumura et al. 1991).

The equine serum amyloid A protein

Equine SAA is a 9–11 kilodalton apoprotein (Husebekk et al.
1986; Nunokawa et al. 1993), which circulates complexed with
high-density lipoproteins. The entire sequence of the equine
SAA protein has been published by Sletten et al. (1989). 

Several isoforms of SAA have been detected in acute phase
serum from several species including horses (Hultén et al. 1997;
Jacobsen et al. 2006b). In laboratory rodents synthesis of one
member of the SAA protein family, referred to as SAA3 (Anon

TABLE 1: Positive and negative acute phase proteins in the horse (based on Smith and Cipriano 1987; Pepys et al. 1989; Auer et al.
1989; Takiguchi et al. 1990; Okumura et al. 1991; Yamashita et al. 1991; Taira et al. 1992a,b; Nunokawa et al. 1993; Fagliari et al.
1998; Hultén et al. 2002; Jacobsen et al. 2006a)

Normal plasma Plasma concentrations reported Response time (hours)
Acute phase protein concentrationa for inflammatory conditionsa Start increase/decrease Peak

Major (10–several hundred or thousand times increase)
Serum amyloid A (mg/l) 0.5–20 50–800 6–12 48
Moderate (5–10 times increase) and minor (0.5–5 times increase)
Haptoglobin (mg/l) 200–1000 400–2700 12–24 72–120

1-acid glycoprotein (mg/l) 70–90 100–250 24 72
C-reactive protein (mg/l) 7.5 10–35 24 72–120
Fibrinogen (mg/l) 2000–4000 3000–11.000 24–72 72–144
Ceruloplasmin (mg/l) 300–400 700–900 120 168–336
Negative (decrease)
Albumin (g/l) 30 27.5 144 192–240

aConcentrations depend to some extent on the assay used and may thus differ slightly between studies.



40 The acute phase protein SAA as a marker of inflammation

1999), has been shown to take place in several cell types other
than hepatocytes during acute phase states (Fig 1). This
extrahepatic synthesis occurs in particular in endothelial cells
and epithelia of organs communicating with the external
environment (e.g. the gastrointestinal tract, mammary gland
and airways), which may suggest that SAA3 plays a role in host
defence mechanisms and local protection against invading
microorganisms (Vreugdenhil et al. 1999). In horses, SAA3 is
synthesised locally in the mammary gland and in joints, and the
protein has been demonstrated in normal colostrum and
synovial fluid from horses with experimentally induced aspetic
and naturally occurring septic arthritis (McDonald et al. 2001;
Jacobsen et al. 2006b,c). 

Serum amyloid A is degraded in the liver (Bausserman et
al. 1987), and its plasma half-life is very short; reported values
in laboratory rodents range from 30 min–2 h (Hoffman and
Benditt 1983; Uhlar and Whitehead 1999) and plasma levels
of SAA thus decrease soon after synthesis ceases.

The precise roles of SAA are unknown, but several
functions have been ascribed to the protein through
investigating its effects in vitro. Serum amyloid A has been
shown to enhance as well as inhibit several leucocyte
functions (e.g. respiratory burst, chemotaxis and phagocytosis)
(Gatt et al. 1998; Badolato et al. 2000), to influence synthesis
of inflammatory mediators (Malle et al. 1997), to affect lipid
transportation to inflamed tissue (Gonnerman et al. 1996;
Lindhorst et al. 1997), and to induce enzymes involved in
degradation of extracellular matrix (metalloproteinases,
collagenases) (Vallon et al. 2001), and SAA may thus subserve
several purposes in the inflammatory response.

Serum amyloid A in the equine clinic

The possible applications of APPs including SAA in veterinary
clinical chemistry have been comprehensively reviewed (Saini
and Webert 1991; Kent 1992; Gruys et al. 1994; Eckersall
1995, 2000; Petersen et al. 2004). However, the equine SAA
response has been investigated relatively sparsely, and these
reviews therefore mainly concern species other than the horse.

Kent (1992) accurately described the characteristics that
define an APP with good diagnostic properties: “[It] has
negligible or low basal values with a narrow reference range
which remains unchanged with age, sex or genetic make-up of
the animal. It quickly increases to very high values (>100 x) in
response to infection or inflammatory conditions. The level of
response is ideally equivalent to the amount of tissue damaged.
Values decrease quickly in response to treatment but do not
decrease if there is no recovery. A secondary infection or
relapse in the inflammatory condition should result in an
increase in the plasma values of a good APP. Noninflammatory
conditions, nutritional status, exercise, handling or other forms
of minor stress should not affect APP values.” 

The SAA response actually has a number of such desirable
kinetic characteristics, which makes interpretation of SAA
levels more straightforward than interpretation of plasma
levels of fibrinogen or other moderate/minor equine APPs
(Table 1). The low or undetectable SAA levels in healthy

horses facilitate interpretation of mildly elevated
concentrations, and the rapid and exponential increase in
plasma levels after an inflammatory stimulus allows the course
of disease to be monitored closely. The short half-life causes
plasma SAA levels to decrease in close parallel with successful
treatment and resolution of disease (Nunokawa et al. 1993;
Hultén and Demmers 2002), whereas fibrinogen and
haptoglobin levels stay elevated for an extended period of
time after disease has resolved (Allen and Kold 1988; Taira et
al. 1992a). Sequential SAA measurements are thus potentially
a useful aid in patient management in the equine clinic,
including evaluation of treatment strategy. 

In contrast to SAA, fibrinogen, which currently is the most
widely applied APP, is present in high concentrations in blood
of healthy horses and concentrations increase only around
2–4 times in response to an inflammatory stimulus (Table 1).
These features, and the involvement of fibrinogen in the
clotting cascade, complicate interpretation of fibrinogen
measurements. Levels may decrease due to consumption
during diseases characterised by disseminated intravascular
coagulation or changes in vascular permeability (Andrews et
al. 1994) and thus mask increases induced by inflammatory
processes.

In comparison with traditional markers of inflammation
(e.g. fibrinogen and leucocyte counts), SAA has been
repeatedly reported to be a more sensitive indicator of equine
inflammation and tissue damage (Chavatte et al. 1992;
Nunokawa et al. 1993; Hultén and Demmers 2002; Jacobsen
et al. 2005). Poor correlation between SAA and other
inflammatory markers has been reported, as neither
fibrinogen levels nor total leucocyte numbers correlated with
plasma SAA concentrations in foals suffering from infectious
and noninfectious diseases (Chavatte et al. 1992; Hultén and
Demmers 2002). 

Normal physiological conditions

Plasma SAA concentrations of healthy horses have been
reported to range from <0.5–20 mg/l (Table 1) (Nunokawa et
al. 1993; Hultén et al. 1999b; Stoneham et al. 2001; Jacobsen
et al. 2006a). It is not clear whether SAA levels are affected by
age. Nunokawa et al. (1993) demonstrated that basal SAA
levels in neonatal foals (<one week old) and horses older than
8 years were slightly higher than SAA levels in other age
groups. However, others have reported very low or
undetectable SAA levels in both neonatal (0–3 days old) and
older foals (Chavatte et al. 1992; Stoneham et al. 2001; Pollock
et al. 2005). The reported age-dependent fluctuations in SAA
levels are too small to have any practical significance at present.

Serum amyloid A levels do not differ between genders in the
horse (Nunokawa et al. 1993), nor do they seem to be
significantly influenced by pregnancy, even though very small,
but statistically significant, fluctuations in plasma levels (between
16.6 and 23.6 mg/l) have been demonstrated in healthy mares
during the last 4 months prepartum. After parturition SAA levels
increase transiently, probably due to tissue damage inflicted on
the birth canal during expulsion of the fetus. This increase is
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moderate, and levels return to normal within one month post
partum (Table 2) (Nunokawa et al. 1993).

Bacterial and viral infections

Bacterial infections have been reported to give rise to
particularly high plasma SAA concentrations (Pepys et al.
1989; Chavatte et al. 1992; Stoneham et al. 2001), with viral
infections eliciting a small or moderate SAA response (Kent
1987; Pepys et al. 1989; Hultén et al. 1999a), and such APP
levels may indicate the type of infectious agent present.
However, it is important to keep in mind that cytokines
responsible for hepatic APP synthesis are released from
inflamed or injured tissue independent of the cause of tissue
injury (Fig 1), and that APPs as a consequence of this are
nonspecific markers of inflammation and cannot be used for
making aetiological diagnoses. Plasma levels of SAA increase
within few hours of infection being established and thus give
an immediate indication of whether infection is present or not.
Monitoring SAA levels allows quick clinical decision making, as
levels will reflect response to treatment (Hultén and Demmers
2002; Jacobsen et al. 2006c) e.g. effect of an antibiotic while
waiting for results of bacterial culture. Elevated plasma SAA

levels have been reported in horses suffering from various
bacterial and viral infections, including infectious arthritis,
strangles, pneumonia, sepsis, and herpes and influenza virus
infection (Table 2).

Serum amyloid A measurements may be used to monitor
spread of infections through farms or stables, as SAA levels
remained undetectable in horses that, despite being in contact
with infections such as herpes virus or strangles, did not
contract the disease (Pepys et al. 1989). 

It has been shown in recent studies that SAA can be
measured not only in equine serum and plasma but also in
synovial fluid (Jacobsen et al. 2006b,c). Horses with septic
arthritis have high SAA concentrations in serum and in
synovial fluid, and SAA levels may be used for monitoring
effect of treatment, as they decrease parallel to the successful
treatment of the intra-articular infection (Jacobsen et al.
2006c). Part of the intra-articular SAA is of the
extrahepatically produced SAA3 isoform (Jacobsen et al.
2006b,c). Detection of this isoform may therefore signify that
local inflammation or infection is present, and measurements
of different SAA isoforms may in the future increase the
diagnostic potential of SAA by enabling distinction between
local and systemic conditions.

TABLE 2: Diseases and disease states accompanied by increased blood levels of serum amyloid A in horses

Disease Description Reference(s)

Joint diseases Experimentally induced aseptic arthritis Hultén et al. (1999b)
Hultén et al. (2002)
Jacobsen et al. (2006b)
Jacobsen et al. (2006c)

Naturally acquired infectious arthritis Pepys et al. (1989)
Jacobsen et al. (2006a)

Aseptic local inflammation Intramuscular injection of turpentine oil Nunokawa et al. (1993)
Surgery Laparotomy Nunokawa et al. (1993)

Miscellaneous procedures Pepys et al. (1989)
Pollock et al. (2005)

Castration Nunokawa et al. (1993)
Hultén et al. (1999b)
Jacobsen et al. (2005a)

Bacterial infection Sepsis in foals Chavatte et al. (1992)
Stoneham et al. (2001)
Hultén and Demmers (2002)

Rhodococcus equi pneumonia Chavatte et al. (1992)
Hultén and Demmers (2002)

Focal infection (abscesses, infectious arthritis) in foals Stoneham et al. (2001)
Strangles Pepys et al. (1989)

Viral infection Equine herpesvirus-1 infection in foals Chavatte et al. (1992)
Pepys et al. (1989)
Hultén and Demmers (2002)

Equine herpesvirus-1 infection in adult horses Pepys et al. (1989)
Equine influenza virus infection Hultén et al. (1999a)

Hultén et al. (1999b)
Gastrointestinal disease Diarrhoea and enteritis in foals Nunokawa et al. (1993)

Colic in adult horses Nunokawa et al. (1993)
Vandenplas et al. (2005)

Non-infectious neonatal disease Weakness, prematurity, neonatal maladjustment syndrome, traumatic birth 
and meconium colic Chavatte et al. (1992)

Reproductive disease Septic abortion Husebekk et al. (1986)
Parturition Pepys et al. (1989)

Nunokawa et al. (1993)
Abortion of unknown aetiology Nunokawa et al. (1993)
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Neonatal disease

Serum amyloid A measurements have been used to
differentiate between diseases causing weakness in neonatal
foals and seem to be particularly well suited for this purpose. In
this type of patient clinical signs are often nonspecific, and
diseases in neonates are therefore notoriously difficult to
diagnose. Remarkably high plasma levels of SAA have been
demonstrated in foals with sepsis but SAA levels are also
increased in foals suffering from local infections (Chavatte et al.
1992; Stoneham et al. 2001; Hultén and Demmers 2002).
Reports on SAA levels in foals with noninfectious causes of
weakness (e.g. prematurity, failure of passive transfer, neonatal
maladjustment syndrome, isoerythrolysis, and meconium colic)
are somewhat conflicting, as both plasma SAA levels in the
normal range (Stoneham et al. 2001; Hultén and Demmers
2002) as well as slightly elevated levels (Chavatte et al. 1992)
have been reported. However, it is generally agreed that high
SAA levels are indicative of ongoing infection, and Stoneham
et al. (2001) suggested that a cut-off value of 100 mg/l could
be used to differentiate infectious from noninfectious cases.
Hultén and Demmers (2002) demonstrated that SAA was
much more accurate in distinguishing infectious from
noninfectious diseases than traditional inflammatory markers
such as plasma fibrinogen concentrations and leucocyte
counts. Neonatal sepsis is a serious condition and any delay in
treatment may be deleterious. The inclusion of SAA
measurements in sepsis scoring systems, such as that proposed
by Brewer and Koterba (1988) may thus improve diagnosing of
neonatal sepsis and hence the chance of successful treatment
(Stoneham et al. 2001). 

One fairly common type of local infection in foals - umbilical
abscess - has been shown to be accompanied by low or
undetectable plasma SAA levels, and it was suggested that this
surprising finding was due to walling off of such abscesses and
thus cessation of hepatic SAA synthesis (Stoneham et al. 2001).

Respiratory disease

Elevated levels of SAA have been demonstrated in horses with
clinical pneumonia of unknown aetiology (Pepys et al. 1989;
Nunokawa et al. 1993) and in horses infected with influenza
virus (Hultén et al. 1999a). In horses suffering from equine
influenza, SAA was a more sensitive marker of acute infection
than detection of virus in nasal swabs. Levels of SAA
correlated well with severity of clinical disease and decreased
to undetectable levels after the horses had recovered clinically
from the virus infection (Hultén et al. 1999a). Similarly, a study
on Rhodococcus equi pneumonia demonstrated that foals had
elevated plasma SAA levels on admission to the hospital, and
that these levels decreased concomitantly with successful
treatment and clinical improvement (Hultén and Demmers
2002). However, a recent study on Rhodococcus equi
pneumonia in foals less than 1 month old showed that SAA
measurements in bimonthly blood samples could not be used
as a screening test for the early detection of pneumonia
(Cohen et al. 2005). It was not clear whether the low

sensitivity resulted from too long sampling intervals,
misclassification of infection status or from Rhodococcus equi
infected foals having no or only a small SAA response, and
more research is thus needed to determine the usefulness of
SAA measurements in diagnosing and monitoring of
Rhodococcus equi pneumonia.

Serum amyloid A seems to be able to monitor response to
treatment of infections in the respiratory tract. It may also be
an aid in determining when a horse can return to training after
having recovered from an airway infection. In horses with
particularly severe influenza virus infection or in horses
suspected of having contracted secondary bacterial infection,
SAA levels remained elevated for an extended period
compared to horses with a milder course of infection (Hultén
et al. 1999a). Serum amyloid A measurements may thus be
used to monitor recovery and establish individually appropriate
convalescent periods, thereby avoiding the detrimental effects
of returning a horse to hard training too soon.

Vaccination against influenza and tetanus causes a moderate
SAA response, which wanes within 3–4 days after vaccination (S.
Jacobsen, unpublished data). In a study by Kent and Goodall
(1991) there was no increase in plasma levels of haptoglobin
following vaccination against influenza and tetanus, and the
study demonstrated that plasma levels of haptoglobin in
vaccinated and nonvaccinated ponies experimentally infected
with influenza virus strain 2 increased to the same levels.

It has been hypothesised that SAA measurements might
aid in distinguishing infectious respiratory disease from
noninfectious respiratory disease caused by allergic reactions
in horses. This rationale is based on a crude extrapolation from
the situation in humans, where certain immune mediated
diseases, e.g. systemic lupus erythematosus, systemic sclerosis,
polymyositis and ulcerative colitis, are accompanied by a only
a small APP response, if at all - even when clinically apparent
inflammation and tissue damage is present (Pepys 1981;
Whicher and Dieppe 1985). There is as yet no evidence for this
relationship in the horse and it remains to be elucidated
whether horses suffering from allergic or immune mediated
disease display a SAA response.

Surgery

Surgery has been shown to induce an APR and cause elevated
plasma levels of SAA (Table 2), whereas as a small study (with
only 2 horses) suggested that general anaesthesia alone has
no effect on SAA levels (Pepys et al. 1989). The normal post
operative SAA response has a rise and fall pattern (Hultén et
al. 1999b; Jacobsen et al. 2005; Pollock et al. 2005), and a
sustained increase in SAA levels post operatively may thus
indicate that surgery has been complicated by infection
(Jacobsen et al. 2005). 

Amyloidosis

Chronic active or recurrent inflammation with sustained
synthesis and prolonged high plasma levels of SAA may lead
to reactive amyloidosis. This term describes a group of diseases
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in which amyloid A, an insoluble, fibrillary degradation
product of SAA, is deposited in different tissues such as
spleen, liver and kidney. Systemic amyloidosis may be fatal, as
demonstrated in horses repeatedly immunised for production
of antiserum (Husby 1988; Johnson et al. 1996).

Future applications of serum amyloid A in the
equine clinic

A number of clinically useful applications of SAA have been
established in humans and veterinary species other than horse.
To date, the SAA response has only been described for a small
number of equine diseases and pathological conditions, and
future studies of temporal changes in SAA levels in various
clinical settings are thus warranted in order to improve
interpretation of SAA measurements.

Diagnosis of subclinical conditions

Acute phase proteins have been suggested to be sensitive
markers of subclinical disease in cattle (Karreman et al. 2000).
This has not been investigated in horses, but SAA
measurements might be very useful for monitoring health
status of race and performance horses, thus avoiding the
subjection of subclinically ill horses to the stress of
transportation, competitions or races. Regular routine SAA
measurements are potentially useful as part of a preventive
medicine program. Detection of subclinical disorders could
serve as a basis for advice to trainers, thereby providing a
management tool for adjustments of training intensity that
would potentially decrease the risk of horses breaking down. 

In cattle, SAA levels increase in response to stress
(Alsemgeest et al. 1995; Arthington et al. 2003), but whether
SAA levels are elevated during stressful conditions in horses
has never been investigated. With the emerging recognition of
stress as a pathophysiological key event in the precipitation of
many common horse diseases, for example colic, diarrhoea
and stereotypies, such research would be relevant.

Differential diagnosis of inflammatory conditions

In cattle it has been shown that the ratio between slow-
reacting and quick-reacting APPs may be useful in
distinguishing acute and chronic disease states (Horadagoda
et al. 1999). Jacobsen et al. (2004) demonstrated that the
haptoglobin:SAA ratio increased during the course of bovine
lipopolysaccharide-induced inflammation. These findings
suggest that measuring a palette of several APPs can provide
a more accurate assessment of progression of disease.
However, the diagnostic value of measurements of combined
slow and quick APPs has never been investigated in horses. 

Prognostication

The magnitude and duration of the APP response have been
shown to reflect severity of infection and to correlate with the
amount of underlying tissue damage and inflammation in

cattle and man (Conner et al. 1988; Mozes et al. 1989;
Jacobsen et al. 2004), and SAA may thus serve as one
indicator of prognosis. 

In man, levels of SAA and C-reactive protein have been
used for prediction of outcome and post operative
complications such as infections during neoplastic disease,
surgery and burns (Casl et al. 1996; Haupt et al. 1997; Martín
et al. 1999), and in sheep with dystocia high haptoglobin
levels have been shown to indicate dead lambs in utero and
consequently increased surgical risk and poor prognosis
(Scott et al. 1992). Measuring SAA could be a valuable tool
for veterinary surgeons in making the decision of performing
surgery and advising horse owners. A recent study by
Vandenplas et al. (2005) has shown that SAA concentrations
measured at admission in horses with colic, which were
referred to 2 veterinary hospitals, were higher in nonsurvivors
than in survivors. This suggests that SAA levels may be used
for predicting the prognosis of horses with colic. However,
the median SAA concentration in the group of nonsurvivors
was only slightly higher than that of survivors (10.8 and 
1.4 mg/l, respectively), and the authors concluded that
sensitivity and specificity did not seem to be sufficiently high
to be clinically useful. Therefore, it still has to be determined
if and how SAA can be used for prognostication in horses
with colic and other diseases.

Measuring serum amyloid A

Several methods for measuring equine SAA have been
developed, including ELISA (Satoh 1994; Hultén et al. 1999b),
slide reversed passive latex agglutination test (Wakimoto
1996), single radial immunodiffusion (Nunokawa et al. 1993),
electroimmunoassay (Pepys et al. 1989; Chavatte et al. 1992),
and latex agglutination immunoturbidometric assay (Stoneham
et al. 2001). An ELISA developed for use in multiple species
including the horse is commercially available1, but equine
validation studies for this assay are not yet available. In horses
as well as in other veterinary species and man SAA
measurements have until recently mainly been used for
research purposes, as automated assays for use in commercial
laboratories have been lacking. Recently, a commercially
available immunoturbidometric assay developed for human
SAA (LZ test SAA)2 was evaluated for use in horses (Jacobsen
et al. 2006a). This assay, which is easily automated and fast,
and thus appropriate for use in diagnostic laboratories,
measured equine SAA accurately and with good intra- and
interassay precision. Quantitative immunoaggregations assays
such as the immunoturbidometric assays described by
Stoneham et al. (2001) and Jacobsen et al. (2006a) are
particularly well suited for routine diagnostic procedures, and
their development and validation has enabled a few veterinary
diagnostic laboratories in Europe (UK and Denmark) and the US
to offer routine SAA measurements on horse serum as part of
their services. 

Recently, a test system3 developed for use in equine
practice and small diagnostic laboratories has been marketed
in the UK and Scandinavia. This system allows measurements
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of SAA in equine serum to be performed in 30 minutes, and
preliminary data (S. Jacobsen, unpublished data) shows that
the assay measures SAA accurately and precisely. 

It is important to keep in mind that SAA concentrations
measured by different assays are not directly comparable, and
therefore absolute concentrations and cut-off values may
differ between studies.

Summary

Serum amyloid A (SAA) is a major equine acute phase protein,
the plasma concentrations of which increase during the acute
phase response to every process that leads to tissue damage
(e.g. infections, trauma, surgery, and neoplasia). The plasma
concentrations of SAA start to increase a few hours after
injury and reach high peak values within a few days.
Furthermore, due to the short half-life of the protein, plasma
SAA concentrations start to decline shortly after synthesis has
ceased. These characteristics make SAA well suited for ‘real-
time’ monitoring of acute inflammation. Serum amyloid A is
an objective marker of clinical - and possibly subclinical -
inflammation and tissue damage, and, as such, it is a
potentially valuable adjuvant to clinical assessment of a
patient. Plasma SAA levels have been shown to be increased
during a number of clinical conditions in the horse, such as
arthritis, sepsis, pneumonia, abscesses, strangles, viral
infections, colic and reproductive disease, and SAA
measurements have been deemed useful for monitoring
disease activity and response to therapy.

To date, only a small number of papers on the equine SAA
response have been published. These papers, as well as future
applications and relevant findings in other species, are
discussed in this review. Potential future applications of SAA
measurements in horses seem plenty. In other species SAA
has, for example, been shown to be useful for diagnosing the
presence of subclinical disease, for distinguishing between
chronic and acute inflammation, and for prognosticating
outcome of surgery. However, before SAA can be used for
such purposes in equine clinical practice, much more research
on the equine SAA response and SAA profiles in different
diseases is needed.
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