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1  |  THE EQUINE ACUTE PHA SE RESPONSE 
AND ACUTE PHA SE PROTEINS

The acute phase response (APR) is the immediate systemic reaction 
to various types of tissue injury including inflammation, infection, 
and trauma. It is elicited by pro- inflammatory cytokines and other 

inflammatory molecules and results in disease- related physiological 
changes such as fever and hormonal and metabolic alterations as 
well as the hepatic and extra- hepatic synthesis of acute phase pro-
teins (APPs).1,2

In the horse, several proteins are positive APPs, that is, pro-
teins that are synthesized de novo in response to inflammation and 
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Abstract
Serum amyloid A (SAA) has become an indispensable part of the management of equine 
patients in general practice and specialized hospital settings. Although several proteins 
possess acute phase properties in horses, the usefulness of SAA exceeds that of other 
acute phase proteins. This is due to the highly desirable kinetics of the equine SAA 
response. SAA concentrations exhibit a rapid and pronounced increase in response to 
inflammation and a rapid decline after the resolution of inflammation. This facilitates 
the detection of inflammatory disease and real- time monitoring of inflammatory activ-
ity. SAA may be used in all stages of patient management: (1) before diagnosis (to rule 
in/rule out inflammatory disease), (2) at the time of diagnosis (to assess the severity of 
inflammation and assist in prognostication), and (3) after diagnosis (to monitor changes 
in inflammatory activity in response to therapy, with relapse of disease, or with infec-
tious/inflammatory complications). By assessing other acute phase reactants in addition 
to SAA, clinicians can succinctly stage inflammation. White blood cell counts and serum 
iron concentration change within hours of an inflammatory insult, SAA within a day, and 
fibrinogen within 2– 3 days; the interrelationship of these markers thus indicates the 
duration and activity of the inflammatory condition. Much research on the equine SAA 
response and clinical use has been conducted in the last decade. This is the prerequisite 
for the evidence- based use of this analyte. However, still today, most published studies 
involve a fairly low number of horses. To obtain solid evidence for use of SAA, future 
studies should be designed with larger sample sizes.
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released into the circulation. Serum amyloid A (SAA) is a major APP 
in horses and its concentration can increase many- fold in response 
to inflammation (>10 times above the reference interval, but often 
1000 times or more).3 In contrast, fibrinogen is a moderate APP, 
and increases in fibrinogen concentration are more modest (most 
often 1– 3 times above the reference interval).4,5 Several APPs that 
are very useful in other species have been shown to be of limited 
value in horses. For example, haptoglobin6– 8 and C- reactive protein 
(CRP)6,9 have high concentrations in healthy horses and minor or no 
increase in plasma concentrations in horses suffering from inflam-
matory or infectious conditions.6– 9

Negative APPs are proteins, whose plasma concentration de-
creases during the APR.10 Hepatic synthesis of albumin decreases 
during the APR, resulting in a modest decrease in plasma concentra-
tion.11 Also paraoxonase- 1 levels have been shown to decrease during 
the APR in several species including horses.12– 14 Combining positive 
and negative APPs in an index has been suggested to increase sen-
sitivity,15 but this has not been further explored in equine medicine.

Recent studies have suggested that other proteins have the po-
tential to be useful APPs in the horse such as procalcitonin16– 18 and 
neutrophil gelatinase- associated lipocalin (NGAL).19– 21 NGAL seems 
to be a promising biomarker with a response pattern that is similar 
to that of SAA. Rapid and pronounced NGAL responses have been 
demonstrated in serum and synovial fluid of horses with experimen-
tally induced and naturally occurring arthritis,19 and in serum and 
peritoneal fluid of horses with acute inflammatory abdominal disease 
such as colitis and peritonitis.21 Currently, there are very few studies 
evaluating this protein in horses, and more research is needed to 
support the use of NGAL in evidence- based equine medicine.

Response patterns of the APPs differ substantially, with some 
having a fast and others having a slower response to an inflammatory 
stimulus (Figure 1).3 The SAA response is fairly rapid, with plasma 
concentrations increasing 8– 12 hours after induction of experimen-
tal inflammation,22,23 and peaking after 48– 72 hours.5,22,23 The am-
plitude of the SAA response is impressive; plasma concentrations 
can increase from within the reference interval (<0.5 mg/L, Table 1) 
to 5000 mg/L or more in horses with severe inflammation.24 Due to 
its short half- life (30– 120 minutes),25,26 serum concentrations of SAA 
decrease rapidly as the inflammation resolves, as demonstrated in 
horses exposed to a single experimental inflammatory stimulus22,23 
or surgery.5 This is in contrast to fibrinogen. Plasma fibrinogen con-
centrations take a bit longer to increase in response to inflammatory 
stimuli, and because of a long half- life in circulation, plasma concen-
trations remain increased for days or weeks after inflammation has 
subsided (Figure 1).5,22 With its concentration closely paralleling 
changes in inflammatory activity, SAA is very useful for real- time 
monitoring of inflammation.3 This is a highly desirable character-
istic for clinicians using SAA measurements to support their clini-
cal decision- making, as there is minimal lag- time between change 
in inflammatory activity (eg, in response to effective therapy) and 
change in serum SAA concentration.

A clinically useful approach is to measure some APPs and other 
inflammatory markers with fast and some with slower response 

patterns.27 This ensures that peracute, acute, and subacute inflam-
mation can be detected and monitored. It is important to keep in 
mind that, despite their name, APPs are produced not only in acute 
inflammation. APPs are synthesized and can be detected as long 
as there is active or ongoing inflammation, over days to weeks. At 
the Large Animal Teaching Hospital (LATH) at the University of 
Copenhagen, we routinely use a panel of inflammatory markers for 
assessing inflammation in horses that includes total leukocyte count 
(WBC), differential leukocyte counts, iron, SAA, and fibrinogen. This 
LATH panel combines very fast (WBC and serum iron that change 
in as little as 2 hours),22 fast (SAA), and slower (fibrinogen) reacting 
markers of inflammation (Figure 1). Thus, very robust characteriza-
tion of the horse's inflammatory status is achieved.

1.1  |  Compartment- specific assessment of SAA

In addition to hepatic production of SAA resulting in the release of 
the protein into the systemic circulation where it can be measured 
in blood, plasma, or serum, SAA is also synthesized in extrahepatic 
tissues.28– 31 SAA release to local compartments has been shown to 
occur in healthy and in pathological conditions. In horses, SAA has 
been found in normal colostrum31,32 and in inflamed saliva,33 synovial 
fluid,22,34,35 and peritoneal fluid.36 Measuring SAA in these biological 
fluids may provide information on the compartment- specific inflam-
matory activity. In synovial fluid, SAA concentrations increase 12- 
16 hours after induction of experimental arthritis.22,23,34 Accumulation 
of SAA protein in synovial fluid may be the result of extravasation 
from the blood, but local production in the joint also plays a role. 
Cytokine- stimulated equine chondrocytes and fibroblast- like synovio-
cytes have been shown to synthesize SAA in vitro,30 and in synovial 
fluid from horses with experimental and naturally occurring arthritis a 
specific extrahepatic isoform of SAA (SAA3) has been identified.34,35 
Measuring this specific isoform could potentially enhance diagnostic 
accuracy, but this potential has not been explored in equine medicine.

It has been suggested that measurements of SAA in the synovial 
fluid could help diagnose synovial sepsis. Significantly higher SAA 
concentrations were found in synovial fluid from horses with septic 
synovitis than in synovial fluid from horses with aseptic arthritis or 
from healthy horses.37,38 Declining concentrations of SAA in syno-
vial fluid were shown to reflect eradication of intraarticular infection 
in experimental Escherichia coli arthritis39 and in naturally occurring 
septic synovitis.35 SAA has the advantage that concentrations are 
less affected by therapeutic interventions than are other routine 
synovial fluid measurands. Diagnostic and therapeutic procedures, 
such as arthrocentesis,35 through- and- through lavage,40 intra- 
articular injection of drugs (amikacin, hyaluronic acid, or platelet- rich 
plasma),41– 43 or arthroscopy,44 have been shown to cause no changes 
in SAA concentrations in synovial fluid. In contrast, WBC, differen-
tial count, and total protein increased in response to these interven-
tions, in many instances approaching levels found in patients with 
septic synovitis (total protein >30 g/L, WBC > 20 × 109/L, neutrophil 
% >80).35,43,44 Based on this, synovial fluid, SAA may prove more 
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useful for monitoring therapeutic efficacy than other commonly 
used inflammatory markers, as treatment- induced elevations in total 
protein, WBC, and/or neutrophil % may mask a response to treat-
ment and lead to the erroneous conclusion that infection is ongoing.

Increased concentrations of SAA and other APPs (haptoglobin and 
fibrinogen) have been detected in peritoneal fluid after experimen-
tal exploratory laparotomy45,46 and in horses with abdominal disease 
such as intestinal strangulations and inflammatory conditions (acute 
enteritis, typhlocolitis, or peritonitis).36,47 Measuring APPs in perito-
neal fluid could thus have diagnostic potential. In one study, however, 
assessment of SAA in peritoneal fluid did not improve the ability to 
discriminate medical and surgical conditions in horses with severe colic 
compared to the more straightforward measurement of SAA in serum.7

2  |  METHODS FOR ME A SURING SA A

An analyte, such as SAA, whose response pattern is character-
ized by very pronounced concentration changes from essentially 

unmeasurable in the healthy horse to several thousands of mg/L 
in response to inflammation, is very difficult to quantify reliably 
in the entire concentration range. We recently validated an auto-
mated latex bead- based immunoturbidometric assay (VET- SAA, 
Eiken Chemical Co., Japan) with a very broad working range,24 which 
measured equine SAA with acceptable reliability in the concentra-
tion range of 0 to >6000 mg/L. The assay was set up to perform 
1:14 reflex dilutions at an SAA concentration >200 mg/L and could 
thus measure SAA in the entire attainable concentration range. For 
samples with very high SAA concentrations, repeated dilutions were 
necessary. There was a statistically significant inaccuracy in the high 
concentration range. However, inaccuracy was slight, and –  consid-
ering SAA's rapid and pronounced concentration changes –  deemed 
to be clinically insignificant.24 When using SAA measurements for 
monitoring purposes in horses with severe inflammation, it is im-
portant to choose an assay that can reliably detect concentration 
changes in the high concentration range.

Several horse- side point- of- care (POC) assays have been de-
veloped and have shown reasonable performance in validation 

F I G U R E  1  Response patterns for serum amyloid A (SAA, A), fibrinogen (B), total leukocyte count (WBC, C), and serum iron (D) after 
a single inflammatory stimulus. Data were derived from six adult horses subjected to intravenous injection of 1 μg/kg Escherichia coli 
lipopolysaccharide (LPS) (unpublished data). LPS was injected at time point 0. Interrupted lines delineated reference intervals.

 1939165x, 2023, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vcp.13195 by D

et K
ongelige, W

iley O
nline L

ibrary on [06/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  11JACOBSEN

studies.48– 50 These assays are marketed for different SAA concen-
tration ranges, for example, up to 3000 mg/L for the StableLab 
assay (https://www.stabl elab.com/pages/ serum - amylo id- a- blood 
- test)49 and the VMRD assay system (https://vmrd.com/core/files/ 
vmrd/uploa ds/files/ SAA%20cir cular %20ver sion%202.pdf);50 up to 
180 mg/L for the EquiCheck system (https://www.targe tvet.com/
equin e- proge stero ne- igg- and- saa- testi ng/visua l- equic hek- saa- test- 
or- quant itati ve- saa- chek/); up to 500 mg/L for the Eurolyser (https://
www.eurol yser.com/veter inary - diagn ostic s/poc- test- param eters/ 
saa- test/); and up to 1000 mg/L for the LifeAssays test system 
(https://www.lifea ssays.com/equin e- serum - amylo id- a- saa- test/). 
StableLab (Zoetis) is available in Europe and the USA. This assay 
has been validated and compared with the most commonly used im-
munoturbidometric SAA assays (LZ- SAA and VET- SAA, both from 
Eiken Chemical Co.).49,51 Kiemle et al (2022)51 demonstrated a high 
degree of constant and proportional concentration bias between 
the StableLab assay and the immunoturbidometric SAA assays. 
The StableLab assay had high intra-  and interassay coefficient- of- 
variation, poor recovery rate, and a hook effect. All these findings 
may severely limit the validity of results obtained with the assay, 
which users should be aware of. Based on the demonstration of the 
hook effect, the authors recommended that “it is advisable to per-
form repeat SAA measurements using the manufacturer's dilution 
protocol when clinical appearance of a horse and SAA results do not 
correlate and hence may represent falsely low concentrations sec-
ondary to a possible hook effect.”51

POC assays are generally user- friendly, but considering the lim-
ited working range and inferior reliability, these assays are mainly 
useful for basic detection of inflammation in the field or after- hours, 
where fast results are needed and/or samples cannot be shipped to 
larger reference laboratories. It is important to keep in mind that 
there may be quite substantial concentration bias between meth-
ods, so measured concentrations cannot be compared across assay 
systems. Very high intra-  and interassay coefficient- of- variations 

(8%– 45%) demonstrated in the StableLab POC49,51 means that 
repeated measurements need to be interpreted with caution, as 
changes in concentration may result from analytical as well as bio-
logical variation.

It has been suggested that SAA is a highly stable protein and that 
storage of equine serum samples at 4 or 22°C for up to 17 days did 
not change SAA concentration.52 It is, however, important to note 
that the assay used in the study only measured SAA concentration 
up to 270 mg/L. At −80°C, SAA has been shown to be stable for 
2.5 years.51

2.1  |  Reference intervals

Many textbooks and reviews state reference intervals for equine 
APPs. But reference intervals can only be shared across laboratories 
using the exact same methodology.53 Each laboratory must there-
fore establish its own reference intervals, preferably de novo, or by 
transference using a small number of samples according to estab-
lished guidelines.54

For SAA, reference intervals reported in different studies dif-
fer slightly, but most have suggested that serum concentrations in 
healthy adult horses are <10– 20 mg/L. The reference intervals for 
inflammatory markers used at the LATH are shown in Table 1.

Reference intervals in neonatal foals have been described.55– 57 A 
recent study found that the mean serum SAA in 151 healthy neonatal 
foals (<19 hours old) was 27.7 mg/L.57 In contrast, two small studies 
have suggested that healthy foals have slightly higher serum con-
centrations of SAA than adult horses, with a peak concentration of 
up to 120 mg/L at 24– 72 hours after birth.55,56 These slightly higher 
concentrations could be associated with passive transfer of SAA, as 
SAA has been found in colostrum,31,32 or from endogenous produc-
tion as a consequence of the foal sustaining mild trauma while pass-
ing through the birth canal. It is not clear whether placentitis in the 

TA B L E  1  Reference intervals of inflammatory markers used at The Large Animal Teaching Hospital, University of Copenhagen, Denmark 
(https://vetdi agnos tik.ku.dk/engli sh/)

Inflammatory marker/acute 
phase reactant Reference interval Methodology

White blood cell count (×109/L) 5.45– 12.65 Automated counting (ADVIA 2120i Siemens Healthineers, 
Germany)

Differential leukocyte counts 
(%)

Neutrophils 28.0– 82.8
Lymphocytes 19.8– 58.9
Monocytes 1.4– 10.5

Automated counting (ADVIA 2120i, Siemens Healthineers, 
Germany) and manual counting

Iron (μmol/L) 13.10– 43.00 Colorimetric spectrophotometry (Atellica Solution, Siemens 
Healthineers, Germany)

Serum amyloid A (mg/L) <0.5 VET- SAA, Eiken Chemical Co., Japan, (Atellica Solution, 
Siemens Healtineers, Germany)

Fibrinogen (g/L) 1– 4 HemosIL RecombiPlastin (PT- based assay) (ACLTop 500, 
Instrumentation Laboratory, Massachusetts, United 
States)

Haptoglobin (mg/L) 728- 4265 Phase Range Hp Assay; Tridelta Development Ltd., Ireland 
(Attelica Solution, Siemens Healthineers, Germany)
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mare will give rise to increases in serum SAA concentration in the 
foal, as both normal58,59 and slightly elevated concentrations60 have 
been demonstrated in nonseptic foals and fetuses from mares with 
placentitis. It is not clear at which age SAA concentrations level out, 
but presumably within a few weeks after birth.

3  |  USE OF SA A IN EQUINE MEDICINE 
AND SURGERY

SAA and other APPs can be valuable at all stages of patient 
management3:

• Before a diagnosis has been made: SAA can be used to assess in-
flammation and prioritize differential diagnoses with and without 
inflammation or to detect subclinical inflammatory disease.

• Once a diagnosis has been established: SAA might serve as a 
prognostic indicator.

• Monitoring disease progression and response to therapy: SAA is 
highly suited for monitoring changes in inflammation in the inter-
vention phase of patient management; repeated measurements 
are useful for assessment of response to therapy, detection of re-
lapse, or occurrence of infectious or inflammatory complications. 
SAA can also be used to support the decision to stop antimicrobial 
therapy.

Table 2 provides an overview of circumstances, where SAA may 
be useful. Several reviews on the equine acute phase response, and 
more specifically, SAA in a variety of clinical conditions is avail-
able.3,61– 63 Veterinary clinicians need to have a thorough under-
standing of the SAA response to interpret measurement results. 
One important aspect to keep in mind is the effect of the duration 
of the disease on SAA. The time dependence is related to the large 
amplitude of the SAA response, where concentrations can increase 
manyfold within hours.3 This was demonstrated in horses with the 
abdominal disease, where SAA and haptoglobin concentrations in 
serum and peritoneal fluid were markedly influenced by the duration 
of the disease prior to sample collection.47

3.1  |  Patient assessment and diagnosis

Hepatic synthesis of SAA only occurs during inflammation; nonin-
flammatory disease does not result in increased blood concentra-
tions of SAA, as demonstrated in foals64– 66 and adult horses.24 SAA 
is thus a specific marker of inflammation and infection. This is in 
contrast to other commonly used inflammatory markers, where lev-
els can change in response to a variety of noninflammatory stimuli. 
Leukocytosis can occur after vigorous exercise, in frightening or pain-
ful conditions, during stress, or after corticosteroid treatment;67 iron 
deficiency caused by blood loss, parasitism, and other noninflamma-
tory conditions can result in hypoferremia;68 and fibrinogen concen-
trations can change as a result of coagulation and coagulopathies.69 TA
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Interpretation of SAA is therefore more straightforward than other 
inflammatory markers.

For certain patient groups, it may be necessary to rule in or 
rule out inflammation to properly prioritize differential diagno-
ses. In horses with severe acute abdominal pain (colic), it is crucial 
to quickly categorize the underlying condition as either surgical or 
medical in nature. Horses with inflammatory abdominal conditions, 
where medical treatment is most appropriate (duodenitis, proximal 
jejunitis, acute typhlocolitis, or peritonitis), may be clinically indis-
tinguishable from horses with conditions that require surgical inter-
vention (strangulations, displacements, or severe impactions). Both 
groups often present with similar severe clinical findings of shock, 
pain, positive gastric reflux, and/or abnormal peritoneal fluid param-
eters. One study showed that assessment of serum SAA concentra-
tion resulted in significantly more horses (90%) correctly classified 
as inflammatory colic requiring medical therapy or surgical colic, 
compared with a prediction model not including SAA, where 86% 
were correctly classified.7

Assessment of SAA is useful for neonatal patient management. 
Diagnosing infections in neonatal foals can be a challenge because 
the clinical signs are nonspecific, and diseases with a noninfectious 
cause, such as prematurity, failure of passive transfer, neonatal mal-
adjustment syndrome, and isoerythrolysis, can manifest similar to 
infectious diseases such as sepsis. SAA may thus help differentiate 
infectious from noninfectious disease56,65,66,70 and aid the clinician 
in obtaining a correct diagnosis and making a more informed deci-
sion on whether to start antimicrobial therapy while waiting for bac-
teriology results.

In apparently clinically healthy horses, assessment of inflam-
matory markers may be of value to detect subclinical inflammation 
and may be a helpful predictor of surgical risk in horses undergoing 
elective surgery. In horses undergoing castration, postoperative in-
fectious complications occurred more frequently in horses with pre-
operatively increased serum SAA than in horses with normal SAA 
concentrations.71 Subclinical airway infections potentially increase 
anesthetic risk as has been shown in some human medical stud-
ies.72,73 At the LATH, in addition to clinical examination, every horse 
undergoing elective surgical procedures has a panel of inflammatory 
markers assessed preoperatively. If any of these are abnormal, the 
owner is advised to postpone surgery to mitigate the increased an-
esthetic and surgical risk in patients with preexisting inflammation 
or infection.

Measurement of SAA or other APPs in apparently healthy horses 
could also be relevant to other purposes, for example, to ensure fit-
ness or document animal welfare in potentially stressful situations 
(Table 2). During transportation, APPs have been shown to reflect 
stress.74 One study used SAA to screen for air travel- associated 
infections; sensitivity and specificity of SAA measured 24 hours 
postarrival (cutoff value = 23 mg/L) was 93.3 and 91.3%, respec-
tively.75 This was in contrast to fever, which had a sensitivity of only 
3% and specificity of 100%.56 The authors concluded that SAA was 
very sensitive and could be used to detect infection before clinical 
signs occurred.75

There is fairly substantial literature describing changes in APPs 
in response to training and exercise in healthy horses. Fibrinogen, 
haptoglobin, and SAA concentrations increase slightly during train-
ing programs of several months' duration.76,77 It has been suggested 
that SAA could indicate training exceeding the horse's fitness level. 
Inexperienced endurance horses had increased serum SAA con-
centrations after a training session, while experienced ones did 
not.78 Blood concentrations of SAA and other APPs increased after 
strenuous exercises such as endurance rides, races, and event-
ing.6,78– 82 It is not clear whether the APR represents adaptational 
changes or indicates that the exercise exceeded the horse's fitness. 
Musculoskeletal trauma has been shown to cause increased serum 
SAA concentrations,83,84 so subclinical muscle injury could be part 
of the explanation. Assessing SAA before the competition was not 
useful for predicting elimination during competition in endurance 
horses,85 and blood concentrations APPs do not seem to be con-
sistently elevated in horses exhibiting poor performance.86,87 In 
overweight ponies and horses, low- intensity exercise reduced blood 
concentrations of SAA and haptoglobin, suggesting that health ben-
efits and positive effects of training on obesity- related inflammation 
can be monitored by APPs.88,89

Similar to other inflammatory markers, SAA will be produced in 
response to inflammation independent of etiology, so SAA cannot 
be used to make etiological diagnoses. Aseptic tissue injury and in-
flammation (accidental or iatrogenic, eg, vaccination or surgery) as 
well as infectious diseases will elicit an SAA response,24,71,83,90– 94 It 
has been suggested that viral disease is accompanied by lower serum 
SAA concentrations than the bacterial disease.94 However, overlap 
between groups is substantial, and while SAA may give an indication 
of etiology, it cannot categorically distinguish viral infections from 
bacterial ones.

Although SAA has been repeatedly shown to reliably indicate 
the presence of systemic inflammation in horses,35,91,92,95– 98 it has 
been suggested that local inflammation gives rise to lower plasma 
SAA concentrations.24,98 Certain specific conditions such as gastric 
ulcer syndrome,99 intestinal cyathostominosis,100 inflammatory 
airway disease,101 and ulcerative keratitis and anterior uveitis102 
do not seem to reliably elicit an SAA response. This is not sur-
prising nor considered a specific drawback of SAA in comparison 
with other inflammatory markers, as patients suffering from these 
conditions have insufficient systemic inflammation to consistently 
cause alterations in blood levels of any of the inflammatory mark-
ers routinely assessed.100– 102 In several older studies, SAA concen-
trations were found to be normal or low in horses with abscesses 
(i.e., walled- off inflammation).65,103 Two recent case reports have 
questioned this generalization, as increased serum SAA concen-
trations were detected in a horse with an abdominal abscess104 
and a horse with a pararectal abscess.105 In foals with Rhodococcus 
equi pneumonia, SAA has been suggested to be of limited diagnos-
tic value. Measurement of serum SAA weekly or every 2 weeks 
was not useful for screening foals at farms endemically affected 
by Rhodococcus equi infection as a means to achieve early rec-
ognition.103,106,107 In foals with clinical signs of Rhodococcus equi 
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pneumonia (fever, nasal discharge), serum SAA levels were found 
to be significantly elevated and to decline in response to success-
ful treatment,70,106,108 with the decline preceding normalization of 
ultrasonographically determined lung abscess scores108 or plasma 
fibrinogen concentrations.70 Lankenfeld et al (2021)108 cautioned 
against relying solely on SAA for the detection of Rhodococcus 
pneumonia, as approx. 50% of foals with pulmonary abscesses and 
normal temperatures had normal serum SAA. Fibrinogen was sug-
gested to be superior to SAA for screening purposes in farms with 
endemic Rhodococcus equi in a study with 10 foals,107 while a larger 
study involving 54 foals found similar predictive capacity of the 
two APPs.106 In horses with Streptococcus equi infection, El- Deep 
et al (2017)109 found only modestly, although statistically signifi-
cant, increased serum SAA concentrations compared with healthy 
controls. However, case descriptions were inadequate to deter-
mine whether this was related to sampling occurring in the very 
early stages of the infection or whether it was due to infection 
being walled off in abscesses. In the LATH caseload, horses with 
strangles generally show markedly elevated SAA concentrations 
(>2000 mg/L, author's unpublished observations). Taken together, 
the current literature suggests that serum SAA concentrations 
must be interpreted with some caution in abscessing infections.

3.2  |  Predicting outcome

Based on the assumption that more severe or sustained inflamma-
tory disease carries a worse prognosis, SAA may, by its excellent 
ability to reflect the intensity of the inflammatory response, serve as 
a prognostic indicator. However, results of studies attempting to link 
early assessment of SAA to outcome are generally discouraging, as 
most equine studies have failed to demonstrate a reliable prognostic 
value of measuring SAA.93,97,110,111

To evaluate the ability of SAA and haptoglobin to predict survival, 
Westerman et al (2015)97 measured plasma SAA and haptoglobin 
concentrations at the time of admission in 53 horses (36 survivors 
and 17 nonsurvivors) with a variety of inflammatory conditions (peri-
tonitis, colitis, trauma, renal insufficiency and cystitis, pneumonia, 
cellulitis, fever of unknown origin, and miscellaneous). The authors 
found that a single- point measurement of the two APPs was not 
significantly associated with survival outcomes and suggested that 
serial analysis during treatment might be a better prognostic tool.97 
This notion was corroborated by a study using repeated perioper-
ative assessment of SAA and fibrinogen in horses undergoing ex-
ploratory laparotomy to predict postoperative complications and 
survival to discharge.110 Preoperative concentrations did not differ 
between groups, but SAA concentrations day 1– 5 after surgery dif-
fered significantly between horses that did and did not survive to 
discharge. In contrast to these findings, daily measurements of SAA 
in horses being treated for synovial sepsis were unable to predict 
outcome (survival/nonsurvival).93

Using admission concentrations of SAA for predicting out-
come in horses admitted with colic has been investigated in three 

studies.8,111,112 A retrospective study investigated SAA concentra-
tion at admission in 718 horses with acute abdominal pain admitted 
to two centers.112 In survivors, serum SAA concentration was sig-
nificantly lower (median 1.4 mg/L) than in horses that died or were 
euthanized (median 10.8 mg/L); when a cutoff value of 50 mg/L was 
applied, a significantly larger proportion of nonsurvivors than sur-
vivors had serum SAA concentrations greater than the cutoff.112 A 
study evaluating 42 horses admitted with colic found that horses 
with SAA >5 mg/L at admission were more likely to develop throm-
bophlebitis or be euthanized due to a poor prognosis (odds ratio 7.6, 
95% confidence interval 1.1– 52.4) than horses with normal SAA.8 In 
contrast, Dondi et al (2015)111 found no difference in admission SAA 
concentrations between colic survivors and nonsurvivors. Although 
the former two studies seem encouraging, concentration differences 
in survivors and nonsurvivors were too small to be useful in practice.

Apart from disease severity, other factors may influence SAA 
concentrations, including the timing of sampling (a horse with the 
peracute disease may be admitted before SAA concentrations have 
increased), mass and type of tissue affected, and disease etiol-
ogy. At The LATH, patients with peritonitis, colitis, acute cellulitis- 
lymphangitis, and septic arthritis have the highest serum SAA 
concentrations, with concentrations of 6000– 8000 mg/L SAA ob-
served often, and up to 12,000– 15,000 mg/L occasionally encoun-
tered (author's unpublished observations). These factors may explain 
why many studies fail to demonstrate a strong association between 
admission SAA concentration and outcome, but more research is 
needed to fully understand factors determining SAA concentrations.

3.3  |  Monitoring response to therapy

SAA is very useful for patient monitoring. In patients being treated 
for infectious conditions, declining SAA concentrations in samples 
taken every 2– 4 days help clinicians ascertain that infection is being 
eradicated and inflammation is resolving. This is particularly useful 
in cases awaiting culture results, where the choice of antibiotics is 
initially based on preliminary clinical evidence and the clinician's ex-
perience. Declining SAA concentration has been demonstrated to 
parallel successful treatment of synovial sepsis93,113 and pneumonia 
in foals.108

In horses undergoing exploratory laparotomy, SAA initially in-
creases in response to the surgical trauma and then, in the absence 
of surgical site or other infections, declines toward normal within  
4– 696,114 and 11 days,5 depending on the extent of the surgical trauma. 
Fibrinogen also increases in response to laparotomy, but due to the 
long half- life of the protein, plasma concentrations stay elevated for 
longer periods, making fibrinogen of limited value for real- time mon-
itoring of postsurgical inflammation.5,96,114 When APPs are used to 
monitor for infectious complications, the expected APP response for 
the primary disease must be characterized before deviations, such 
as sustained increases or unexpectedly high APP concentrations,  
can be identified.3 In horses that developed complications after ex-
ploratory laparotomy (eg, diarrhea, ileus, thrombophlebitis, fever), 
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postoperative SAA,96,114 and fibrinogen114 concentrations were sig-
nificantly higher than those found in horses without complications. 
In horses undergoing castration, sustained high SAA115 or haptoglo-
bin and fibrinogen concentrations116 were identified in horses clas-
sified clinically as having excessive inflammation. Unexpectedly high 
concentrations of SAA and other APPs postoperatively should thus 
prompt a thorough examination of the patient to identify the site of 
infection.

The effect of concurrent inflammatory conditions may be ad-
ditive and result in higher than expected SAA concentrations. This 
can be exploited to identify bacterial superinfection in horses with 
viral infections. For example, with experimental influenza infection, 
horses that developed clinical signs of secondary bacterial infection 
had persistently high plasma SAA concentrations.117

There are no investigations into biomarker- guided antimicrobial 
stewardship in horses. In people, APPs are used both to guide initi-
ation or initial withholding of antibiotic treatment and to determine 
when it is safe to discontinue treatment. Procalcitonin and CRP 
are used either as single decision criteria or in algorithms, and ran-
domized controlled trials and meta- analyses have shown that this 
is a safe approach, leading to no increase in morbidity, mortality, 
or relapse rate; in many cases, this resulted in reduced use of an-
timicrobials.118– 120 In a small group of dogs with bacterial pneumo-
nia, it appeared safe to use CRP to guide the duration of antibiotic 
treatment; this resulted in a significantly shorter treatment duration 
without an increased number of relapses compared to conventional 
subjective decision- making.121 Similar use of SAA in equine medicine 
should be investigated, as SAA is likely to perform as well as the 
species- specific major APPs assessed in humans (procalcitonin, CRP) 
and dogs (CRP).

4  |  CONCLUDING REMARKS

It is now more than 35 years ago since Husebekk et al (1986)122 first 
isolated SAA from serum from a horse that had suffered a septic 
abortion. For the last decade, more than 30 papers on equine SAA 
have been published annually. The use of SAA undoubtedly in-
creases the quality of patient assessment in equine medicine and 
surgery. However, there is a continued need for research into the 
usefulness of SAA in equine clinical medicine to provide increasingly 
robust evidence for how and when SAA should be used, particu-
larly in larger and prospective studies. It is unfortunate that even 
quite recent studies have very small sample sizes of 5– 15 horses 
per group and/or address a clinical problem or have a study design, 
where SAA measurements seemed to be of limited relevance (eg, 
through improper timing of blood sampling, attempts to correlate 
SAA to pathological events occurring staggered in time relative to 
the SAA response, or use of SAA in clinical situations, where there is 
a little pathophysiological rationale for assuming that SAA will pro-
vide diagnostic or other information).108,113,123,124 This can make the 
studies prone to type II errors or erroneous conclusions regarding 
the potential usefulness of assessing SAA.
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