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I n t r o d u c t i o n
Septic arthritis is a severe arthropathy, commonly resulting from 

contamination of a joint after intra-articular injection or direct 
trauma in adult horses and from hematogenous spread of bacteria 
in neonatal foals (1). Septic arthritis can be life-threatening, with 

reported short-term survival rates of 45% to 84% in foals (1–3) and 
84% to 90% in adult horses (4–5).

While the definitive diagnosis of septic arthritis is made by detec-
tion of bacteria in synovial fluid, identification of bacteria on Gram 
stain is successful in only 24% of cases (1). Moreover, isolation of 
bacteria from synovial fluid is successful in only 32% to 52% of 
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A b s t r a c t
While serum amyloid A (SAA) has been investigated as a potential marker for septic arthritis in horses, no study has reported 
on whether SAA can be used to detect eradication of joint infection. Therefore, the objective of this study was to investigate 
whether the eradication of joint infection in experimentally induced septic arthritis in horses can be detected using serum and 
synovial fluid SAA. A total of 17 horses were randomly assigned to 3 groups. A middle carpal joint of each horse was injected 
with saline (control group, n = 3), lipopolysaccharide (LPS) (nonseptic synovitis group, n = 6), or Escherichia coli (septic arthritis 
group, n = 8) on day 0. Starting on day 1, horses underwent treatment for septic arthritis. Sequential samples of serum and 
synovial fluid were collected, and quantification of SAA was carried out. Concentrations of serum and synovial fluid SAA were 
compared among groups and time points. A concurrent study was conducted and determined that infection was eradicated 
on day 4 in this experimental model of septic arthritis. Concentrations of serum and synovial fluid SAA rapidly increased 
after inoculation of E. coli and were highest on day 3 and day 4, respectively. Thereafter, both serum and synovial fluid SAA 
decreased with eradication of joint infection, although they remained significantly increased from baseline until day 9 and 
day 10, respectively. Serum and synovial fluid SAA did not increase in the control or nonseptic synovitis group. These findings 
suggest that serial measurements rather than a single measurement of SAA are required to determine eradication of infection 
from septic arthritis in horses.

R é s u m é
Bien que l’amyloïde sérique (SAA) fut étudiée comme marqueur potentiel pour l’arthrite septique chez les chevaux, aucune étude n’a rapporté 
si SAA peut être utilisée pour détecter l’élimination d’une infection articulaire. Ainsi, l’objectif de la présente étude était d’examiner si 
l’élimination d’une infection articulaire lors d’arthrite septique induite expérimentalement chez les chevaux peut être détectée en utilisant 
la SAA du sérum et du liquide synovial. Un total de 17 chevaux fut réparti de manière aléatoire en trois groupes. Une articulation 
carpienne médiale de chaque cheval fut injectée avec de la saline (groupe témoin, n = 3), du lipopolysaccharide (LPS) (groupe synovite non-
septique, n = 6) ou Escherichia coli (groupe arthrite septique, n = 8) au jour 0. En débutant au jour 1, les chevaux furent soumis à un 
traitement pour arthrite septique. Des échantillons séquentiels de sérum et de liquide synovial furent prélevés et la quantification de SAA 
effectuée. Les concentrations de SAA dans le sérum et le liquide synovial furent comparées parmi les groupes et à différents temps. Une 
étude concomitante était menée et a déterminé que l’infection était éliminée au jour 4 dans ce modèle expérimental d’arthrite septique. Les 
concentrations de SAA dans le sérum et le liquide synovial ont rapidement augmenté après l’inoculation d’E. coli et étaient maximales au 
jour 3 et au jour 4, respectivement. Par la suite, les concentrations de SAA du sérum et du liquide synovial ont diminué avec l’élimination 
de l’infection articulaire, bien qu’elles soient demeurées augmentées significativement par rapport au seuil de base jusqu’au jour 9 et jour 10, 
respectivement. Les concentrations de SAA du sérum et du liquide synovial n’ont pas augmenté dans les groupes témoin et synovite non-
septique. Ces résultats suggèrent que des mesures en série plutôt qu’une mesure unique de SAA sont requises pour déterminer l’élimination 
de l’infection lors d’arthrite septique chez les chevaux.
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cases when enrichment media are not used (6,7) and in 74% of cases 
using enrichment media (1). As a result of these low detection rates, 
clinical signs and cytological examination of synovial fluid remain 
the primary modalities used when diagnosing septic arthritis (8). 
Synovial fluid cytology is suboptimal; however, for monitoring the 
success of treatment and detecting eradication of infection in septic 
arthritis. We previously demonstrated a persistent increase in total 
protein (TP) and percentage of neutrophils long after the eradication 
of joint infection in an experimental model of septic arthritis (9). 
In addition, commonly reported treatments for septic arthritis, 
such as arthroscopic lavage, through-and-through joint lavage, 
and intra-articular administration of antibiotics, have been shown 
to increase values for common synovial inflammatory markers in 
synovial fluid (10–12). As a result, due to uncertainty about a point 
of eradication of joint infection, long-term use of antimicrobials has 
frequently been reported in clinical cases of septic arthritis (1–3).

Serum amyloid A is the major acute phase protein in horses, which 
is mainly synthesized by the liver non-specifically in response to 
inflammation and infection (13). Serum SAA peaks 36 to 48 h after an 
inflammatory or infectious insult and decreases quickly in response 
to treatment (14,15). Ludwig et al (16) demonstrated an increase in 
serum and synovial fluid SAA in an equine model of septic arthritis 
while SAA concentration remained within normal limits in an equine 
model of lipopolysaccharide (LPS)-induced synovitis. Unlike syno-
vial fluid cytology, serum and synovial fluid SAA concentrations 
have been reported to be unaffected by the aforementioned treatment 
of septic arthritis (10–12). These features of SAA would make it an 
ideal biomarker not only for diagnosing septic arthritis, but also for 
monitoring its therapeutic success. To our knowledge, no study has 
investigated the use of SAA for determining eradication of infection 
during treatment of septic arthritis.

The objective of this study was to investigate temporal changes 
in concentrations of serum and synovial fluid SAA before and after 
eradication of infection in experimentally induced septic arthritis 
in horses and to determine if SAA could be used as a biomarker for 
eradication of infection. We hypothesized that serum and synovial 
fluid SAA concentrations would increase after septic arthritis was 
induced and decrease rapidly towards normal after infection was 
eradicated.

M a t e r i a l s  a n d  m e t h o d s

Animals
A total of 17 adult horses, weighing 306 to 572 kg (median: 

470 kg) and ranging from 2 to 20 y old (median: 7 y), were included 
in the study. All horses were healthy based on physical examina-
tions and free of musculoskeletal disease in the carpi based on 
lameness examinations and 4 radiographic views (lateral-medial, 
dorsopalmar, dorsolateral-palmaromedial oblique, and dorsomedial-
palmarolateral oblique) of the carpi. All procedures were approved 
by the University of Saskatchewan Animal Care and Use Committee 
and Animal Research Ethics Board (AUP #20140098).

Experimental design
To determine if SAA could be used as a biomarker for eradication 

of infection, we used 2 experimental models: a nonseptic synovitis 
model induced by LPS (9,16,17) and a septic arthritis model using 
experimental Escherichia coli (9,18). A randomly assigned middle 
carpal joint was injected with LPS or E. coli and the contralateral 
joint was used as internal control. Both joints were subjected to a 
standardized treatment protocol (Table I).

Horses were randomly assigned to 3 groups and a randomly 
selected middle carpal joint (injected joint) was then injected 
with either saline (control group, n = 3), LPS (nonseptic synovitis 
group, n = 6), or E. coli (septic arthritis group, n = 8), respectively. 
Contralateral joints (non-injected joints) were not injected and served 
as internal control. Synovial fluid was collected from the injected and 
non-injected joints immediately before the model induction on day 0, 
which served as a baseline value, and thereafter before initiation of 
treatment on day 1 and on days 4, 7, 10, 14, 21, and 28.

Blood samples were collected from a jugular vein each day from 
day 0 to day 10, and days 14, 21, and 28. Synovial fluid and blood 
samples were analyzed for SAA concentration. Cytology, bacterial 
culture, and polymerase chain reaction (PCR) for detection of E. coli 
were also carried out on synovial fluid samples and the results 
were reported in a previous study (9). All horses were treated with 
arthroscopic lavage of the middle carpal joints, systemic and local 
administration (intra-articular injection and intravenous regional 

Table I. Experimental design and treatment protocol.

	 Control group (n = 3)	 Nonseptic synovitis group (n = 6)	 Septic arthritis group (n = 8)
		  Non-injected		  Non-injected		  Non-injected 
	 Injected joint	 joint	 Injected joint	 joint	 Injected joint	 joint
Day 0	 Injected with saline	 No injection	 Injected with LPS	 No injection	 Injected with	 No injection
					     E. coli	

Day 1	 Arthroscopic lavage	 No treatment	 Arthroscopic lavage	 Arthroscopic lavage	 Arthroscopic lavage	 Arthroscopic lavage
	 1 IA gentamicin		  1 IA gentamicin	 1 IA gentamicin	 1 IA gentamicin	 1 IA gentamicin

Day 2 to 4	 IV RLP	 No treatment	 IV RLP	 IV RLP	 IV RLP	 IV RLP
	 gentamicin		  gentamicin	 gentamicin	 gentamicin	 gentamicin

Day 1 to 6	 All horses were administered IV penicillin, gentamicin, and phenylbutazone

Day 7 to 21	 All horses were administered oral trimethoprim-sulfamethoxazole
LPS — lipopolysaccharide; IV — intravenous; IA — intra-articular; RLP — regional limb perfusion.
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limb perfusion) of antibiotics, and anti-inflammatory drugs. Both 
injected and non-injected joints received arthroscopic lavage and 
local administration of antimicrobials for the nonseptic synovitis and 
septic arthritis groups. In the control group, only the injected joints 
received the treatment in order to evaluate the effect of the treatment 
on concentrations of serum and synovial fluid SAA (Table I).

Induction of experimental models
Nonseptic synovitis and septic arthritis were induced as described 

in a previous report (9). Briefly, nonseptic synovitis was induced 
by 50 ng of LPS (E. coli O55:B5 strain; Sigma-Aldrich, St. Louis, 
Missouri, USA) diluted into 1 mL of sterile phosphate-buffered saline 
solution (PBS, pH 7.4), aliquoted, and stored at 220°C until used. 
Before induction of nonseptic synovitis, aliquots of LPS (50 ng/mL) 
were thawed for 30 min and stored on ice until injection.

Septic arthritis was induced in the assigned middle carpal joint 
using 1.0 3 108 colony-forming units (CFU) of E. coli. The strain 
used for inoculation was isolated from a case of naturally occurring 
septic arthritis in a horse referred to the Veterinary Medical Centre 
of University of Saskatchewan for treatment. The stock culture 
was divided into 50 mL aliquots of 1.0 3 1010 CFU/mL and stored 
at 280°C. Individual aliquots were used for preparation of each 
inoculum to avoid in-vitro passages, which could affect the virulence 
of the strain.

On day 0, horses were sedated with detomidine (Dormosedan; 
Pfizer Canada, Kirkland, Quebec), 0.015 mg/kg body weight (BW), 
intravenously (IV), and the selected joint was aseptically prepared. 
A 20-G, 3.8-cm needle attached to a 6-mL syringe was inserted into 
the middle carpal joint using a dorsolateral approach and a synovial 
fluid sample (4 mL) was collected. Upon collection of synovial fluid, 
the syringe was replaced with a 3-mL luer-lock syringe containing 
1 mL of either saline, 50 ng LPS, or 1.0 3 108 CFU of E. coli and the 
solution was delivered into the middle carpal joint.

Experimental treatments
Experimental treatment is summarized in Table I. All horses 

underwent arthroscopic lavage 24 h post-induction (day 1). Sodium 
penicillin (Penicillin G, Sodium for injection, USP; Pharmaceutical 
Partners of Canada, Richmond Hill, Ontario), 22 000 IU/kg BW, IV, 
gentamicin sulfate (Gentocin; Intervet Canada, Kirkland, Quebec), 
6.6 mg/kg BW, IV, and phenylbutazone (Phenylbutazone; Rafter 8 
Products, Calgary, Alberta), 4.4 mg/kg BW, IV, were administered 
30 min before surgery. Horses were premedicated with xylazine 
hydrochloride (Rompun; Bayer Health Care, Toronto, Ontario), 
1  mg/kg BW, IV. Anesthesia was induced with ketamine hydro-
chloride (Vetalar, Bioniche, Bellevillle, Ontario), 2.2 mg/kg BW, IV, 
and diazepam (Diazepam, Sandoz Canada, Quebec), 0.1 mg/kg BW, 
IV, and maintained with isoflurane in oxygen. Horses were then 
positioned in dorsal recumbency with the front limbs suspended. 
The carpi (or carpus) were clipped, aseptically prepared, and draped 
for a routine carpal arthroscopic surgery. Arthroscopic surgery was 
carried out using the previously described approach to the middle 
carpal joint (19). After the initial articular examination, the middle 
carpal joint was copiously lavaged using 20 L of lactated Ringer’s 
solution. Skin incisions were closed using 2-0 monofilament poly-
butester in a simple interrupted suture pattern. In the nonseptic 

synovitis and septic arthritis groups, arthroscopic lavage was car-
ried out in the non-injected joint first, followed by the injected joint 
to avoid contamination. In the control group, arthroscopic lavage 
was done only in the injected joint. When the surgical procedure 
was completed, the middle carpal joint was injected with 500 mg of 
gentamicin sulfate. A light sterile bandage was applied over the inci-
sions before recovery. Horses were recovered unassisted in a padded 
recovery stall. Bandages were changed each time synovial fluid was 
collected and kept in place until suture removal on day 14. All horses 
were treated postoperatively with sodium penicillin (22 000 IU/kg 
BW, q6h, IV), gentamicin sulfate (6.6 mg/kg BW, q24h, IV), and 
phenylbutazone (2.2 mg/kg BW, q12h, IV) for 6 d, followed by 
trimethoprim-sulfamethoxazole (24 mg/kg BW, q12h orally) for an 
additional 14 d.

Intravenous regional limb perfusions were conducted on days 2, 
3, and 4 (after synovial fluid collection). Horses were sedated with 
detomidine (0.01 mg/kg BW, IV) and butorphanol (0.01 mg/kg 
BW, IV). An 8-cm Esmarch tourniquet was applied 15 cm proximal 
to the accessory carpal bone with a gauze roll placed beneath the 
tourniquet over the cephalic vein. A 21-G butterfly infusion set 
(SURFLO Winged Infusion Set; Terumo Medical Products, Tokyo, 
Japan) was inserted into the cephalic vein distal to the tourniquet 
and 1 g (10 mL) of gentamicin was administered into the cephalic 
vein, followed by 50 mL sterile saline over 3 min. After the perfus-
ate was administered, the butterfly infusion set was removed and a 
pressure bandage consisting of gauze and medical tape was placed 
over the injection site until the tourniquet was removed after 30 min.

SAA analysis
Synovial fluid samples were placed into an ethylenediaminetet-

raacetic acid (EDTA) tube and blood samples into a red-top serum 
tube. Blood samples were allowed to clot at ambient temperature. 
Both synovial fluid and serum samples were centrifuged at 1792 3 g 
for 10 min at ambient temperature, following which the supernatant 
and serum were transferred into a microcentrifuge tube and stored 
at 280°C until analyzed for quantification of SAA concentration. 
Serum and synovial fluid SAA were quantified using a human 
SAA turbidimetric immunoassay (Eiken Chemical, Tokyo, Japan), 
previously validated for equine assays (20), on a chemistry analyzer 
(Cobas 6000 c501; F. Hoffmann-La Roche, Basel, Switzerland). Before 
quantification of SAA, 10 mL of hyaluronidase was added to 490 mL 
of synovial fluid to reduce viscosity. Automatic 1:10 dilution was 
carried out on the samples that were . 500 mg/L. The assay’s lower 
limit of quantification was 0.2 mg/L.

Clinical response to treatment
Physical examination (temperature, heart rate, and respiratory 

rate) and lameness evaluation were done immediately before and 4, 
8, 12, 18, and 24 h after injection of LPS or E. coli and then at times of 
blood sample collection. Lameness was subjectively evaluated while 
horses were walking in a straight line and in a circle and was graded 
as sound, lame at the walk, or non-weight-bearing lame.

Determination of eradication of infection
In conjunction with this study, another study was carried out 

to investigate the use of synovial fluid cytology to determine 
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eradication of infection in experimentally induced septic arthritis in 
horses (9). In that study, joint infection was eradicated by day 4 dur-
ing treatment of septic arthritis, which was confirmed using bacterial 
culture as well as PCR (9). Serum and synovial fluid samples were 
collected from all horses in this previous study (9) and used in the 
current study for investigating temporal changes in SAA concentra-
tions in horses with experimentally induced nonseptic synovitis and 
septic arthritis.

Statistical analysis
All data were analyzed using a commercial statistics software 

program (Stata 15; StataCorp, College Station, Texas, USA). Values 
of SAA below the lower limit of quantification (0.2 mg/L) of the 
assay were interpreted as “0” for statistical analysis.

Mixed model analysis of variance (ANOVA) with restricted maxi-
mum likelihood was carried out to compare concentrations of serum 
and synovial fluid SAA over time within each group, as well as to 
compare concentrations of serum SAA and synovial fluid SAA in the 
injected joints among groups at each time point. For comparison of 
SAA concentrations over time within each group, post hoc pairwise 
comparisons were carried out to compare baseline value with each 
time point, as well as to compare each time point with a preceding 
time point. Group, time, and their interaction were included as fixed 
effects and individual joint was included as a random effect. Mixed 
model ANOVA with restricted maximum likelihood was also done 
to compare synovial fluid SAA concentration between the injected 
and non-injected joints at each time point. Injection, time, and their 
interaction were included as fixed effects and joint was included as 
a random effect. For all models, first-order autoregression model 
was selected for covariance of residuals based on likelihood ratio 
as well as Akaike information criterion and Bayesian information 
criterion. Post-hoc pairwise comparisons were done with Bonferroni 
adjustment and P , 0.05 was considered significant.

Re s u l t s

Nonseptic synovitis model
After intra-articular injection of LPS, all horses (n = 6) had inflam-

matory synovial fluid parameters similar to those seen in clinical 
cases of septic arthritis (NCC . 30 3 103 cells/mL, TP . 40 g/L, 
and %N . 80%) (21), with negative bacterial culture (reported in 
our previous study) (9), which confirmed successful induction of 
nonseptic synovitis. Heart and respiratory rates remained within 
normal limits (heart rate , 44 bpm, respiratory rate , 28 bpm) in 
all horses, although 2 horses developed a mild transient fever (1 had 
38.6°C 8 h after injection and the other had 38.7°C 12 h after injec-
tion). Horses with nonseptic synovitis developed varying degrees 
of transient lameness, peaking at 4 h after induction: sound (n = 2), 
lame at a walk (n = 2), and non-weight-bearing lame (n = 2). All 
horses were sound at a walk by 18 h after induction of nonseptic 
synovitis and lameness was not observed in any horse thereafter.

Septic arthritis model
After intra-articular injection of E. coli, successful induction of 

septic arthritis was confirmed in all horses (n = 8) by clinical signs, 

synovial fluid cytology parameters consistent with septic arthritis, 
and a positive bacterial culture (9). All horses developed marked 
fever (median: 39.2°C, range: 38.5°C to 40.5°C), tachycardia (median: 
60 bpm, range: 48 to 64 bpm), tachypnea (median: 88 bpm, range: 
44 to 100 bpm), marked effusion of the middle carpal joint, and 
non-weight-bearing lameness, peaking 12 h after inoculation of 
bacteria. After arthroscopic lavage at 24 h, all horses became sound 
at a walk and vital parameters stayed within normal limits for the 
remainder of the study.

Serum SAA concentration
In the septic arthritis group, serum SAA concentration began 

increasing on day 1, peaked on day 3 (all P , 0.001), and remained 
significantly elevated until day 9 (P = 0.009) (Figure 1). When serum 
SAA concentration was compared to a preceding time point, it signif-
icantly increased from day 0 to day 1 and from day 1 to day 2 (both 
P , 0.001, Figure 1). Thereafter, a significant and gradual decrease 
in serum SAA concentration was observed each day from day 3 to 
day 7 (all P , 0.001; Figure 1). Serum SAA concentration in the septic 
arthritis group was significantly higher than in the control group 
and nonseptic synovitis group from day 1 to day 6 (all P , 0.001; 
Figure 1).There was no significant difference between the control 
and nonseptic synovitis groups at any time points. In the nonseptic 
synovitis group, while serum SAA response to intra-articular injec-
tion of LPS was variable on day 2 (median: 237 mg/L, range: 12 to 
774 mg/L), there was no significant increase from baseline at any 
time points (Figure 1). Also, serum SAA concentration did not sig-
nificantly increase from baseline at any time points in the control 
group (Figure 1). One horse showed a marked increase in serum 
SAA concentration on day 4 (1060 mg/L), however, while the other 
2 horses had only a mild increase (0.6 mg/L and 61 mg/L), leading 
to a high standard error (Figure 1).

Figure 1. Mean 6 SE serum SAA concentration in the control group (), 
synovitis group (), and septic arthritis group (). 
a	 Significant difference from baseline (day 0).
b	 Significant difference from a preceding time point. 
*	Significant difference from the control group. 
†	 Significant difference from the synovitis group.
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Synovial fluid SAA concentration
In the injected joint of horses in the septic arthritis group, syno-

vial fluid SAA started increasing on day 1 (P = 0.03), reached its 
highest value on day 4 (P , 0.001), and remained elevated until 
day 10 (P = 0.007) (Figure 2). When compared between 2 consecu-
tive time points, synovial fluid SAA concentration significantly 
increased from day 0 to day 1 (P = 0.03) and from day 1 to day 4 
(P , 0.001) (Figure 2). Thereafter, synovial fluid SAA concentration 
decreased from day 4 to day 7 (P , 0.001), stayed at the same level 
until day 10 (P . 0.99), and decreased towards baseline value from 
day 10 to day 14 (P = 0.03) (Figure 2). Synovial fluid SAA concen-
tration did not increase from baseline in the injected joint or the 
non-injected joint of the control and nonseptic synovitis groups 
(Figure 2). A marked increase in the injected joint was observed 
on day 4 (275 mg/L), however, in the same horse from the control 
group that showed a marked increase in serum SAA concentration 
on day 4. Concentrations of synovial fluid SAA in the injected joints 
were significantly higher in the septic arthritis group compared to 
the control group only on day 4 (P , 0.001) and compared to the 
nonseptic synovitis group from day 4 (P , 0.001) and day 7 (P = 0.04) 
(Figure 2).

When the concentration of synovial fluid SAA was compared 
between the injected and non-injected joints within each group, there 
was no significant difference at any time point in the control and 
nonseptic synovitis groups. In the septic arthritis group, however, 
synovial fluid SAA concentration was approximately 2 times higher 
in the non-injected joint in all horses on day 4 (mean 828 mg/L versus 
394 mg/L, P , 0.001; Figure 3).

SAA as a biomarker for eradication of infection
After intra-articular inoculation of E. coli, serum SAA increased 

significantly within 24 h, peaked on day 3, and started to decline 

thereafter (Figure 1). This decline corresponds to the eradication of 
infection, which was confirmed on day 4 in our previous study (9). 
Similarly, synovial fluid SAA in the injected joint increased on day 1 
and peaked on day 4 with subsequent decline after eradication of 
infection (Figure 2). Although both serum SAA and synovial fluid 
SAA in the injected joint started decreasing after joint infection was 
eradicated, they remained significantly elevated from the baseline 
value until day 9 and day 10, respectively. Accordingly, a single 
measurement of concentrations of serum and synovial SAA was 
suboptimal to detect eradication of infection in our experimental 
model of septic arthritis in horses.

D i s c u s s i o n
In this study, concentrations of serum and synovial fluid SAA 

increased significantly and rapidly after intra-articular inoculation 
of E. coli but did not change significantly from baseline after intra-
articular injection of LPS or saline. This systemic and local expression 
pattern of SAA observed in our experimental models of nonseptic 
synovitis and septic arthritis is consistent with a previous study (16) 
and supports the clinical use of SAA as a diagnostic marker for 
septic arthritis. However, both serum and synovial fluid were still 
significantly increased from baseline on day 9 and day 10, respec-
tively, even though they started to decline with eradication of joint 
infection, which was determined to be at day 4 in our experimental 
model (9). Therefore, a single measurement of serum and synovial 
fluid SAA appears to be a suboptimal marker for eradication of infec-
tion. A gradual but significant and continuous decrease in concentra-
tions of serum and synovial SAA after infection was eradicated (from 
day 4 to 10), however, suggests that serial measurements of SAA may 
be beneficial for monitoring of a positive response to treatment of 
horses affected by septic arthritis.

An unexpected finding in our experimental model of septic arthri-
tis was a significant increase in synovial fluid SAA observed in the 
non-injected joints of all horses. Concentrations of SAA in the non-
injected joints showed a similar trend of increase and decrease as in 

Figure 2. Mean 6 SE synovial fluid (SF) SAA concentration in the injected 
joints in the control group (), synovitis group (), and septic arthritis 
group (). 
a	 Significant difference from baseline (day 0).
b	 Significant difference from a preceding time point. 
*	Significant difference from the control group. 
†	 Significant difference from the synovitis group.

Figure 3. Mean 6 SE synovial fluid SAA concentration in the injected 
joints () and the non-injected joints () in the septic arthritis group. 
*	Significant difference between joints.
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the injected joints, but with the non-injected joints showing higher 
magnitude on day 4. The pathophysiology of this unexpected finding 
is not clear at this stage. It was not considered to be the consequence 
of blood contamination during arthrocentesis. Although minimal 
to mild blood contamination was observed in some synovial fluid 
samples, it did not significantly affect cytological parameters (9) and 
was therefore not taken into account for estimating SAA concentra-
tion. In addition, increase in synovial fluid SAA was consistently 
observed along with increase in serum SAA concentration regardless 
of the degree of blood contamination. An alternative explanation 
for the high SAA concentration in the non-injected joints is that our 
treatment protocol induced an increase in synovial fluid SAA. We 
applied exactly the same treatment to the injected joints of the horses 
in the control group and to the non-injected joints of horses in the 
nonseptic synovitis group and did not observe a significant increase 
in SAA as a result of the treatment.

Another theory is that the treatment protocol, together with 
systemic inflammation caused by intra-articular inoculation of 
E. coli, increased the permeability of the synovial membranes in the 
non-injected joints, which resulted in leakage of SAA from plasma 
in horses with experimentally induced septic arthritis. Serum SAA 
concentrations were consistently higher than synovial SAA concen-
trations in all horses in our study. This finding is consistent with pre-
vious studies in experimentally induced septic arthritis (16), as well 
as in naturally occurring cases of septic arthritis, in which a mod-
erate correlation was observed between serum and synovial fluid 
SAA concentrations (22). In addition, elevated protein levels were 
observed in the non-injected joints in our previous study (9), which 
supports leakage of serum SAA into the joints. Further research is 
warranted to explain the increase in synovial fluid SAA expression 
in the non-injected joints after induction of septic arthritis.

Based on clinical signs, synovial fluid analysis, and bacterial cul-
ture, septic arthritis was successfully induced in our study. In a pilot 
study, the authors used a lower dose of E. coli (7.5 3 106 CFU) based 
on a previous study (18). The clinical signs in a horse in the pilot 
study (weight-bearing with normal vital parameters) were consistent 
with the previous study (18), but are dissimilar to those typically 
seen in clinical cases (non-weight-bearing lameness). Therefore, the 
higher dose (1.0 3 108 CFU) was selected for our study to better 
simulate the clinical signs of naturally occurring septic arthritis.

The SAA response in our septic arthritis group was greater than 
in a previous study, in which Staphylococcus aureus isolated from a 
bovine mastitis case was used to induce septic arthritis (16). This dif-
ference in SAA response is most likely due to inherent differences in 
experimental models, i.e., inoculation dose and bacterial virulence, as 
horses in our study exhibited more severe clinical signs, i.e., tachy-
cardia, hyperthermia, and non-weight-bearing lameness. Moreover, 
our nonseptic synovitis group showed a higher concentration of 
serum SAA than an equine septic arthritis model induced with 
Staphylococcus aureus (mean: 180 mg/L versus 119 mg/L at 24 h) (16). 
This finding suggests that SAA reflects the degree of tissue damage 
rather than a specific disease process, as it has been described in a 
previous study (13). In naturally occurring cases of septic arthritis, 
horses present with varying degrees of injury. In addition, serum 
SAA would be elevated when there is concurrent systemic inflam-
mation such as in foals with septicemia. As these factors are likely to 

affect SAA response and confound interpretation of SAA, care should 
be taken when interpreting SAA in cases of suspected septic arthritis.

In our study, individual differences in SAA response were 
observed following intra-articular injection of LPS. This is in accor-
dance with previous studies, in which variable SAA response was 
seen in cattle after intravenous administration of LPS (23) and 
in horses following intra-articular administration of LPS (24). In 
addition, 1 out of 3 horses in the control group showed a marked 
increase in serum and synovial fluid SAA on day 4. The horses in 
the control group received general anesthesia, arthroscopic lavage 
of the injected joint, and regional limb perfusions. There are conflict-
ing results on the effect of general anesthesia on SAA concentra-
tion (11,25). These results are based on a small number of horses, 
however, and further studies are therefore warranted to evaluate 
the effect of general anesthesia on SAA concentration. Arthroscopy 
is considered minimally invasive and previous studies have shown 
little to no increase in SAA concentration after this procedure (11,26). 
To our knowledge, the effect of intravenous regional limb perfusion 
has not been reported. While intravenous regional limb perfusion 
has been shown to cause vascular and perivascular irritation (27), 
there was no notable swelling at the injection site for regional limb 
perfusion in the horse with markedly elevated SAA. In addition, 
none of the horses in the nonseptic synovitis group showed eleva-
tion of SAA after intravenous regional limb perfusion. We suspect 
this particular horse in the control group was transiently affected 
by subclinical inflammation that resulted in systemic elevation of 
SAA with leakage in the joint subjected to the treatment protocol  
on day 4.

A limitation of our study was that synovial fluid was not collected 
between day 1 and day 4 in order to minimize the disturbance in 
synovial fluid cytology parameters caused by repeated arthrocente-
sis. As a result, we were unable to follow concentration of synovial 
fluid SAA during this period. Nevertheless, our study adds essential 
information on changes in concentrations of serum and synovial 
fluid SAA during a successful treatment of experimentally induced 
septic arthritis.

In conclusion, the results of this study support the use of concen-
trations of serum and synovial fluid SAA as a diagnostic marker in 
horses with septic arthritis. However, our study shows that serum 
and synovial fluid SAA concentrations taken at a single time point 
may be suboptimal to determine eradication of joint infection. 
Instead, serial measurements of SAA are required in order to evalu-
ate a positive response to treatment, when a decrease in serum and 
synovial fluid SAA concentrations will be seen once joint infection 
has been eradicated. Moreover, due to a large individual difference, 
the non-specific nature of SAA response to inflammation, and the 
increase seen in the non-injected joints, serum and synovial fluid 
SAA should be used in conjunction with other diagnostic modalities, 
such as clinical signs and synovial fluid cytology, when diagnosing 
and monitoring septic arthritis.
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