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Septic arthritis is the most common bacterial infection of synovial structures which represents potentially 
destructive musculoskeletal conditions for equine. This infection may result in profound inflammation of 
synovial membrane and surrounding tissues and may result in rapid and permanent damage to tissues 
within the joint. Misdiagnosis is costly, and the routine synovial fluid (SF) analysis remains prime 
importance in correct diagnosis of synovial sepsis. The present study aimed to evaluate the diagnostic 
uses of synovial serum amyloid A (SAA), total matrix metalloproteinases (MMPs) and MMPs -2 and -9 in 
differentiation between equine septic and nonseptic arthritis, and the correlation of their values with the 
obtained findings from routine SF analysis. The study was carried out on 25 horses divided as follows; 
apparently healthy (n=5), nonseptic arthritic (n=8) and septic arthritic (n=12) horses. Routine SF analysis 
was done including the assessment of fluid gross appearance, the quantification of total protein (TP), 
total nucleated cell count (TNCC) and differential cell count, and fluid cytology. Quantification of synovial 
SAA was performed using immunoturbidometric assay, and activities of total MMPs, MMP-2 and MMP-9 
enzyme were measured by gelatin zymography. Results in comparison to apparently healthy SF 
revealed that, TP concentration, TNCC and neutrophil %, synovial SAA concentration, and activities of 
total MMPs, MMP -2 and -9 enzyme were significantly higher in septic than nonseptic SF. In conclusion 
synovial SAA and MMPs -2 and -9 in association with routine SF analysis may be useful adjuncts in 
diagnosing both equine septic and nonseptic arthritis.. 
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INTRODUCTION 

In equine practice, injuries penetrating 
synovial structures are very common (Wright et al. 
2003). These injuries cause contamination of the 
affected synovial structure, introduction of 
pathogens into the synovial cavity causes strong 
inflammatory response resulting in septic 
synovitis, which manifested by local swelling, heat 
and pain, and eventually leading to enzymatic 
breakdown of hyaluronic acid and cartilage 
(Findley et al. 2014). Equine septic synovitis is a 
serious and potentially lethal condition that needs 

immediate diagnosis and subsequent treatment 
(Walmsley et al. 2011; Milner et al. 2014).  Equine 
septic arthritis becomes life-threatening due to 
difficulties in clearing established infections and 
development of degenerative changes associated 
with ongoing inflammation (Morton, 2005; Lugo 
and Gaughan, 2006). Early diagnosis of infection 
and inflammation is important for rapid resolution 
and avoiding ongoing cartilage degradation and 
osteoarthritis. The inflammatory response is 
mainly driven by the release of cytokines from 
macrophages and monocytes at the site of injury. 
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These proinflammatory mediators especially 
interleukin-1 (IL-1), tumor necrosis factor alpha 
(TNF-α) and interleukin-6 (IL-6) stimulate the 
hepatic acute phase protein synthesis once 
released into circulation (Petersen et al. 2004). 

Diagnosis of septic arthritis is based primarily 
on clinical signs and synovial fluid (SF) analysis. 
In severe cases, the diagnosis is univocal and 
characterized by marked elevations of SF total 
protein (TP) and total nucleated cell count 
(TNCC). In some horses, differentiation between 
acute nonseptic inflammation and infection carry 
only based on clinical signs and SF cytology 
(McIlwraith et al. 2001; Morton, 2005; Steel, 
2008). Horses suffered from acute nonseptic 
inflammation show mild to moderate lameness 
which are significantly overlapped with TNCC and 
TP in some horses suffered from synovitis and 
septic arthritis (McIlwraith et al. 2001; Steel, 
2008). 

Recently, measurement of equine serum 
amyloid A (SAA) is shown to be a reliable marker 
for various septic and nonseptic inflammatory 
conditions (Petersen et al. 2004; Cohen et al. 
2005; Jacobsen et al. 2006c; Sanchez Teran et al. 
2012; Coutinho da Silva et al. 2013; Robinson et 
al. 2015; Haltmayer et al. 2017). SAA, the major 
acute phase protein in equine which is produced 
primarily in the liver and quickly rises in response 
to infection and inflammation (McDonald et al. 
2001; Jacobsen and Andersen, 2007). Equine 
SAA reaches its peak at 36-48 hours (Jacobsen 
and Andersen, 2007) and its half-life is short (24 
hours) making it as a sensitive and ideal marker 
for active inflammation, monitoring disease 
progression and treatment response (Belgrave et 
al. 2013). 

Many of disease conditions rather than septic 
and nonseptic arthritis are recorded to increase 
equine SAA concentration. They include bacterial 
and viral infections, surgery, gastrointestinal tract 
disease, reproductive disease, and local 
inflammation (Jacobsen and Andersen, 2007; 
Robinson et al. 2015), and the data obtained by 
Jacobsen and Andersen (2007) suggest that, SAA 
may be higher with bacterial infection versus 
inflammatory condition. Jacobsen et al. (2006c) 
were firstly document that, septic arthritis elicits a 
prominent acute phase response with significantly 
higher SAA concentration in serum compared to 
healthy horses and horses with nonseptic arthritis. 
SAA is produced locally within synovial joints 
(Jacobsen et al. 2006b; Berg et al. 2011; 
Robinson et al. 2015) and presents in very low or 
undetectable levels in normal equine SF 

(Jacobsen et al. 2006c; Sanchez Teran et al. 
2012), but increases in SF in response to sepsis 
(Jacobsen et al. 2006c; Robinson et al. 2015).

 

Matrix metalloproteinases (MMPs) are 
considered biomarkers for physiological and 
pathological tissue remodeling in joints as a result 
of their important role in the cartilage 
homeostasis. MMPs form a group of calcium-
dependent endopeptidases, they are classified 
into collagenases, gelatinases, stromelysins, 
matrilysins and membrane type MMPs (Murphy et 
al. 2002). MMPs are secreted as a zymogen 
(latent form) and to be activated they need 
substances which produced locally in the joint. 
Activity of MMPs is regulated by several inhibitors 
as tissue inhibitors of metalloproteinases (TIMPs) 
(Brew et al. 2000). Abnormal regulation resulting 
in excess of MMPs over TIMPs is considered a 
key mechanism in the conversion of joint from 
physiological to pathological condition (Punzi et al. 
2005). Gelatinases A (MMP-2) and B (MMP-9) are 
assumed to be involved in articular cartilage 
remodeling. Gelatin zymography allows 
measurement of total MMPs, MMP-2 and MMP-9 
activities in equine SF. 

The present study aimed to evaluate the 
potential uses of SF serum amyloid A (SAA) and 
matrix metalloproteinases (MMPs) -2 and -9 in 
diagnosing of equine nonseptic and septic arthritis 
together with routine SF analysis including 
cytological examination. 
 
MATERIALS AND METHODS 

Animals 
The present study was carried out on twenty-five 
horses (n=25) which admitted to the clinic of 
Faculty of Veterinary Medicine, Cairo University. 
On the basis of thorough physical and lameness 
examinations result, five horses (n=5) were 
considered as apparently healthy control which 
were free from musculoskeletal pathology. Basing 
on clinical signs and routine SF analysis, the 
remained horses were divided into eight horses 
(n=8) with nonseptic arthritis and twelve horses 
(n=12) with septic arthritis.  

Sample Processing and Analysis 
Following collection of SF samples from the joints 
of 25 horses, each sample was divided into two 
aliquots. Frist aliquot without centrifugation was 
subjected for routine SF analysis including the 
assessment of fluid gross appearance (color and 
viscosity), the quantification of total protein (TP), 
total nucleated cell count (TNCC) and differential 
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cell count, and fluid cytology (Steel, 2008). 
Second aliquot was centrifuged to pellet cells and 
debris and the supernatant was collected and 
further aliquoted to be stored at -20°C until 
assayed. Quantification of synovial SAA was 
performed using immunoturbidometric assay 
using an automated chemistry analyzer and 
monoclonal anti-human SAA antibodies. This 
assay has been previously validated for equine 
use (Jacobsen et al. 2006a). Total MMPs, MMP-2 
and MMP-9 enzyme activities were measured by 
gelatin zymography (Hawkes and Taniguchi, 
2001) 

STASTICAL ANALYSIS 
Values    were   expressed as mean ± SD. 
Statistical comparisons among the means of 
different groups were made with completely 
randomized one-way ANOVA by COSTAT 
program version 6.4. A probability "P" value of 
<0.05 was assumed for statistical significance. 
 
RESULTS  

In comparison to samples from the apparently 
healthy control horses, results of routine analysis 
of both nonseptic and septic SF revealed the 

followings; septic SF appeared cloudy, turbid, and 
nonviscous. TP concentration of septic SF was 
4.80 g/dl, while that of nonseptic was 3.70 g/dl. 
Septic SF has TNCC of 37.65×10

3
 cell/µl which 

was greater than those of nonseptic SF of 
21.58×10

3
 cell/µl (Table, 1). Differential cell count 

of septic fluid showed the neutrophil percentage 
was predominated (85.65% of TNCC) (Table, 1; 
Fig. 1, c) while, nonseptic fluid showed the 
macrophages were predominated (Fig. 1, a-b). 
Most neutrophils from septic SF showed 
degenerative changes (Fig. 1, d). 

By comparing immunoturbidometric SAA 
values of control SF (0.05 mg/dl), septic SF 
values revealed significant increases in SAA 
concentration (110 mg/dl). These increases were 
higher than those values of nonseptic SF (70 
mg/dl). (Table, 1) 

By comparing results of gelatin zymography of 
total MMPs, MMP-2 and MMP-9 activities of 
control SF (70.15, 29.70, 38.67 AU), septic SF 
results showed significant increases in their 
activities (654.58, 512.80, 67.87 AU) than 
nonseptic SF (465.32, 367.88, 55.09 AU), 
respectively. (Table, 1) 

 
Table (1): Table (1): Equine synovial fluid analysis, synovial SAA concentration and activities of 
total MMPs, MMP -2 and -9 enzymes for normal, septic and nonseptic synovial fluid 

    

Parameters Normal synovial 
fluid 

Nonseptic 
synovial fluid 

Septic synovial fluid 

TP (g/dl) 2.20±0.13
a
 3.70±0.17

b
 4.80±0.14

c
 

TNCC (×10
3
 cell/µl) 0.989±0.14

a
 21.58±11.21

b
 37.65±10.25

c
 

Neutrophil (×10
3
 cell/µl) 0.253±10.25

a
 

(25.85%) 
12.48±3.68

b
 

(57.83%) 
32.25±5.13

c
 

(85.65%) 

SAA (mg/dl) 0.05±0.00
a
 70.00±5.21

b
 110.00±8.05

c
 

Total MMPs (AU) 70.15±5.09
a
 465.32±10.36

b
 654.58±14.21

c
 

MMP-2 (AU)  29.70±3.12
a 

367.88±13.26
b 

512.80±15.40
c
 

MMP-9 (AU) 38.67±1.09
a
 55.09±2.12

b
 67.87±1.54

c
 

TP: represents total protein.  
TNCC: represents total nucleated cell count. 
SAA: represents serum amyloid A. 
Total MMPs: represents total matrix metalloproteinases. 
MMP-2: represents matrix metalloproteinase -2. 
MMP-9: represents matrix metalloproteinase -9. 
AU: arbitrary unit. 
Means with different superscripts (a, b, c) within a raw are significantly different at P< 0.05. 
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Figure (1): Cytological findings of synovial fluid from equine with nonseptic and septic arthritis 
a) Equine with nonseptic arthritis showed two vacuolated macrophages (arrows). (Field stain, 

x1000) 
b) Equine with nonseptic arthritis showed large mononuclear cells (arrow) with pink granular 

proteinous material. (Field stain, x1000) 
c) Equine with septic arthritis revealed the increase in TNCC especially neutrophils which arranged 

in rows. (Field stain, x40) 
d) Equine with septic arthritis showed degenerated neutrophils with cluster of bacteria (arrow). (Field 

stain, x1000) 
 
DISCUSSION 

Synovial fluid of joints is normally acting as 
biologic lubricant and biochemical media through 
which nutrients and regulatory cytokines traverse. 
Normal SF appears clear to pale yellow, highly 
viscous fluid, composed mainly of plasma filtrate 
which is similar to blood plasma, except that there 
is fewer proteins. Therefore, SF is described as 
an ultra filtrate of plasma, into which several 
macromolecules are, secreted (Steel, 2008). 
Professional veterinarians usually depend on 
clinical evaluation and regular cytological 
examination of SF samples as a guideline for 
disease diagnosis, treatment and prognosis 
(Walmsley et al. 2011). 

In the present study, results of routine SF 
analysis of apparently normal horses show; TP 
concentration was 2.20 g/dl, TNCC was 
0.989×10

3
 cell/µl and percentage of neutrophil 

was 25.85% of TNCC (0.253×10
3
 cell/µl), these 

results are in agreement with those recorded by 
Sanchez-Teran et al. (2016). Present study show, 
septic SF appeared cloudy, turbid, and 

nonviscous. This turbidity is due to synovial 
inflammation resulting in the increase of fluid 
cellularity and loss of viscosity as a result of 
enzymatic breakdown of hyaluronic acid (Steel, 
2008). Synovial inflammation causes protein to 
leak from damaged vessels results in an 
increasing of synovial fluid TP concentration 
(Jacobsen et al. 2006c; Steel, 2008). TP 
concentration of septic SF was 4.80 g/dl, which 
was greater than those of nonseptic SF (3.70 g/dl) 
(Higgins and Lees, 1984; Steel, 2008). Septic SF 
has TNCC of 37.65×10

3
 cell/µl, this count was 

suggestive of sepsis (Higgins and Lees, 1984; 
Jacobsen et al. 2006a; Jacobsen et al. 2006c). 
Neutrophil % in septic SF was 85.65% of TNCC 
(Higgins and Lees, 1984; Wright et al 2003; 
Morton 2005; Jacobsen et al. 2006c), most of 
these neutrophils showed degenerative changes 
(Cray et al. 2009). Results of septic SF analysis 
are in the same line with those obtained by 
Sanchez Teran et al. (2016) who recorded that, 
sepsis has been typically considered with TP 
concentration greater than 4.0 g/dl, TNCC greater 
than 30×10

3 
cell/µl and neutrophil % greater than 
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80% of TNCC. 
Present study show, immunoturbidometric 

SAA values were increased from very low 
concentration in normal SF (0.05 mg/dl) to high 
concentration in nonseptic SF (70 mg/dl) and very 
high concentration in septic SF (110 mg/dl), so 
that, SAA is considered a potential diagnostic 
marker for septic SF (Sanchez Teran et al. 2012). 
Similar findings were obtained by Stack et al. 
(2014).  

Gelatin zymography allows measurement of 
total MMPs activity, as gel components activate 
the zymogens. Furthermore, gelatin zymography 
allows identification of the individual enzymes and 
comparison of their enzyme activity between 
different SF samples. Results from gelatin 
zymography in the present study indicate that, 
active forms of both gelatinases (MMP-2 and 
MMP-9) were present in most of nonseptic and 
septic synovial fluids, whereas there are no active 
forms of MMPs were detected in healthy control 
samples. Clegg and Carter (1999) predicted that, 
the activation of MMP-2 and MMP-9 may be 
important in inducing matrix degradation in equine 
joints. 

Results from septic SF demonstrate the 
presence of statistical significant increase in 
activities of MMPs when compared to those 
activities of nonseptic SF. In equine, MMP-2 is 
secreted by connective tissue cells as synovial 
fibroblasts and chondrocytes, whereas MMP-9 is 
produced by monocytes, chondrocytes and 
neutrophils, these neutrophils are thought to be 
the major source of synovial MMP-9 in septic 
cases (Clegg et al. 1997). The correlation 
between MMP-9 activity and TNCC which present 
in this study, was in the same line with other 
studies which were carried out by Trumble et al. 
(2001) and Fietz et al. (2008). Septic SF in this 
study had neutrophil % greater than 80% of TNCC 
(85.65%), which documented that, the increased 
activity of MMP-9 is mainly related to their release 
from infiltrating neutrophils. In conclusion synovial 
SAA and MMPs -2 and -9 in association with 
routine SF analysis may be useful adjuncts in 
diagnosing both equine septic and nonseptic 
arthritis. 

CONCLUSION 
The present study concluded that, uses of 
synovial SAA and MMPs -2 and -9 in association 
with routine SF analysis may be useful adjuncts in 
diagnosing both equine septic and nonseptic 
arthritis. 
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