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ABSTRACT

BROAD RANGE REAL TIME POLYMERASE CHAIN REACTION AS
DIAGNOSTIC METHOD FOR SEPTIC SYNOVITIS IN HORSES

Colette R. Elmas,

Advisor:

University of Guelph, 2012

Dr. Judith B. Koenig

The purpose of this study was first to describe the clinical findings, case
management and short-term outcome of horses with septic synovial structures over the
last 25 years, and to identify risk factors and treatment modalities associated with specific
short-term outcomes. Secondly, we wanted to evaluate a broad range real time
polymerase chain reaction (RT PCR) assay for the diagnosis of septic synovitis from
synovial fluid (SF) samples of horses, and compare its performance to currently available
diagnostic methods.
For the retrospective study, 367 cases met the inclusion criteria. Lavage of the
synovial structure and endoscopic surgery were associated with an increased likelihood
of discharge from hospital, however, none of the local antimicrobial delivery modalities
were associated with a significant change in outcome. No significant improvement in
hospital outcome of horses with septic synovitis was identified over the past 25 years.
For the RT PCR study, 48 SF samples from horses with suspected septic synovitis
were included, and RT PCR and microbial culture was performed on all samples. One
additional RT PCR assay was performed on samples with discordant results or

identification of dissimilar organisms. Thirty-eight percent of SF samples had positive
culture results, and 42% of SF samples had positive RT PCR results. Sensitivity and
specificity for the RT PCR assay relative to agreement of observers on the likelihood of
infection were 87% and 72%, respectively, whereas for culture they were 56% and 86%,
respectively (P=0.001). The combination of culture and RT PCR assay resulted in
sensitivity and specificity of 85% and 81%, respectively.
The broad range RT PCR assay was more sensitive than culture for identification of
horses with septic synovitis. Further refinement of the RT PCR assay technique may
facilitate use in a clinical setting.
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CHAPTER 1:

INTRODUCTION

Septic synovitis in horses is a common and potentially disabling or life-threatening
condition. In a short period of time, bacterial infection within a joint or tendon sheath can
lead to irreversible damage to synovial structures. Early and accurate diagnosis is
important, so that treatment can be instituted rapidly. Currently, a combination of history,
clinical signs, synovial fluid (SF) analysis and bacterial culture results is used to diagnose
septic synovitis and to direct treatment. Bacterial culture is often used as the gold
standard, but negative cultures are not uncommon in cases of suspected septic synovitis
and the turn-around time of approximately 48 hours is sub-optimal for clinical case
management.
With the aim to improve speed, sensitivity and reliability of detecting septic
synovitis in horses, we investigated the feasibility of the use of a new molecular
biological technique. We optimized a real time polymerase chain reaction (RT PCR)
assay targeting the 16S ribosomal ribonucleic acid (rRNA) gene and determined the
assays’ performance. Subsequently, the assay was used for the diagnosis of septic
synovitis in clinical cases and results were compared with clinical signs, cytological
analysis and bacterial culture.
Although accurate and timely diagnosis of synovial infection is essential for a
favourable outcome, elimination of the infection once established, is the ultimate goal
and the deciding factor in whether clinical cure is achieved. More novel treatment
modalities, such as endoscopic lavage and regional antimicrobial delivery techniques, are
being increasingly used to treat septic arthritis. These treatments are thought to improve
1

clinical outcome in horses with septic synovitis, but currently no data are available
evaluating this assumption. The first part of this research consisted of a retrospective
study evaluating treatment modalities and short-term outcome in a large population of
horses with septic synovial structures over the last 25 years.
1.1

Objectives and hypotheses
The first objective was to perform a retrospective study of septic synovitis in horses

presented to the Ontario Veterinary College Health Sciences Centre (OVC-HSC),
describing the history, clinical presentation, diagnostic findings, treatment and short-term
outcome. Subsequently, we wanted to evaluate the association between clinical
characteristics and treatments, and short-term outcome in horses with suspected septic
synovitis, and to investigate whether progress has been made over time in relation to
short-term hospital outcome.
This study was designed to test our hypothesis that overall short-term outcome has
improved over time. Secondly, we hypothesized that rapid referral to a specialist
institution, use of endoscopic surgery and regional antimicrobial delivery techniques,
improved hospital outcome and decreased hospitalization time after septic synovitis in
horses.
The second objective was to optimize and validate a broad range broad range RT
PCR assay for the detection of bacterial deoxyribonucleic acid (DNA) in equine SF and
compare clinical signs, bacterial culture and cytological examination of SF in horses with
clinically suspected septic synovitis. This study was designed to test our hypothesis that

2

broad range RT PCR can detect bacterial DNA in SF of horses with a high sensitivity for
rapid diagnosis of septic synovitis in horses.

3

1.2

Literature review

1.2.1

Introduction

Septic synovitis may develop when microorganisms colonize the synovial cavity or
synovium, establish growth and initiate an inflammatory response. In mature horses,
synovial contamination can be a sequel of a traumatic wound or iatrogenic introduction
of bacteria during intra-synovial injections or surgical intervention.1 In foals, septic
synovitis most commonly occurs as a result of hematogenous spread during the first 30
days of life.1,2 Over the last decade, studies have reported a more favorable prognosis for
return to athletic performance in horses with septic synovitis, potentially as a result of
earlier recognition and more aggressive intervention.3-9
The “gold standard” for diagnosis of septic synovitis is a positive bacterial SF
culture.10 Diagnosis can be challenging as a high proportion of clinical cases with
suspected septic synovitis yield negative culture results.1,11 Obtaining culture results can
take up to 48 hours (or longer), as enrichment is often needed to increase the sensitivity
of culture. Molecular diagnostic techniques, like PCR, are occasionally used in
conjunction with bacterial culture for the detection of orthopedic infections in humans.1214

Broad range or universal PCR is based on the detection of a wide range of bacterial

DNA, and has been reported to increase sensitivity, specificity and turn-around time for
the diagnosis of septic synovitis in humans compared to bacterial culture.15-17
Preliminary experimental and clinical data on the use of PCR for septic synovitis in
horses has shown promising results, yet test performance has not been adequately
characterized and its role in clinical diagnosis is currently unclear.8-20 A more sensitive

4

and rapid diagnostic test for the detection of septic synovitis in horses would allow for
more prompt diagnosis and intervention, which could result in improved outcomes for
horses with septic synovitis.
1.2.2

Anatomy and physiology of the healthy joint

The term synovial joint or “diarthrosis” is combined from the Greek words “dia” and
“arthroun”; literally meaning “to fasten by a joint”.21 It describes the site of junction or
union between at least two bones allowing for their relatively free motion.22 Joints
support the musculoskeletal system and transfer its loads. The joint capsule and
associated ligaments attach the articular surfaces, surround the synovial cavity and
provides stabilization.22
The thick fibrous joint capsule is on the luminal surface of the articulation covered
with a unique cellular lining.22 This synovial membrane is approximately 1-4 cells thick
and is composed of loose connective tissue enclosing a vascular and lymphatic
network.10,22 The joint capsule contains two types of synoviocytes, which are responsible
for the production of SF components and for maintenance of the synovial/blood barrier.23
Type A synoviocytes are considered tissue macrophages, as they actively phagocytize
cell debris and waste materials in the joint cavity, and have antigen-presenting
capabilities. Type B synoviocytes, the more abundant of the two, are involved in the
synthesis of extracellular matrix and SF components, such as hyaluronan, lubricin,
fibronectin and different collagens.22,23 A basement membrane is not present, allowing
for rapid fluid and solute transfer between the intrasynovial space and the surrounding
tissues.22 Macroscopically, the synovial membrane surface is flattened and free of villi in
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areas overlying tendons and ligaments, whereas in high-motion joints, abundant villi with
a more folded appearance are present.24
SF is an ultra-filtrate (dialysate) of plasma filtered through the semi-permeable
synovial membrane. “Normal” volumes of SF have been described for certain equine
joints, but are of little importance as they vary with function and anatomic location of the
joint, and exercise level of the horse.25 Normal SF is transparent, clear to pale yellow and
does not clot, but produces a reversible fluid-gel formation (thixotropism).10 It contains
macromolecules like hyaluronan, proteoglycan and surface-active phospholipids.10 The
amount of hyaluronan, and its degree of polymerization, determines the viscosity of SF.22
This can be estimated subjectively by assessing the length of a strand formed between
two fingers, with >2.5 cm considered normal.10 The quality of mucinous precipitate from
acid exposure (mucin clot test) semi-quantitatively assesses SF viscosity.10 Healthy SF
contains less than 20g/L or only 25-35% of the protein concentration of plasma.10 Low
numbers of nucleated cells (<1x109/L) comprised of large mononuclear cells,
macrophages and synoviocytes, and few lymphocytes, are present.10 The percentage of
non-degenerate neutrophils should be less than 10%, but iatrogenic blood contamination
during sampling may result in a artefactual increase in the proportion of neutrophils.10,26
A thin layer of hyaline cartilage covers the articular surface to provide a low friction
surface in joint motion that can sustain high loads during weight bearing.22 It is
subdivided into three unmineralized zones (I to III), which are delineated from the
calcified cartilage (zone IV) by the tidemark.22 Zone I (also called the superficial or
tangential zone) has the highest cell density, and the chondrocytes are relatively small
and flat.22 The cells are oriented with the long axis parallel to the surface.22 Zone II
6

(transitional zone) shows larger and rounded cellular profiles, whereas the cells are larger
and arranged with their long axes perpendicular to the surface in zone III (radiate zone).22
This form of cartilage has a very high water component (65-80%), and contains
approximately 2% chondrocytes.22 Chondrocytes are responsible for extracellular matrix
synthesis, and maintaining the balance between matrix degeneration and repair. As
cartilage is avascular, alymphatic and aneural, nutrients reach chondrocytes by diffusion
from the SF.27 The extracellular matrix is made of collagen (predominantly type II),
proteoglycans and non-collagenous proteins.22,28 This well-hydrated matrix and its rigid
collagen framework provide cartilage its biomechanical properties.22,27 The lubrication of
the cartilage-on-cartilage complex is a result of a thin water film interspersed from within
the matrix during cartilage compression and the presence of lubricin and hyaluronan,
which bind to the cartilage, preventing direct contact between the two surfaces.27
1.2.3

Characteristics of synovial infections

1.2.3.1

Epidemiology of synovial infections in the horse

1.2.3.1.1

Incidence and etiology

Few studies have described the incidence of infectious arthritis in the horse
population. An approximately 1% post-operative joint infection rate was reported after
arthroscopic surgery and musculoskeletal infection in horses, which also included cases
with septic physitis and osteomyelitis.2 Septic arthritis was the cause of death in 5.2% of
all foals.2,29 An overall annual incidence of septic arthritis in humans is up to 10 per
100,000 individuals presented to hospitals in the United States and Western Europe.30
Peri-prosthetic joint infections developed in 0.7% of patients after hip or knee
7

arthroplasty, and recurrence of the infection, after two staged resection arthroplasty, was
26%.31,32
In adult horses, bacteria enter a synovial structure most frequently via a traumatic
wound, representing 34% to 79% of all septic synovitis cases.1,7,11 One study
demonstrated that 53% of horses with a wound that had penetrated a synovial structure
developed septic synovitis.34 In contrast, the two main recognized causes of infection in
humans are hematogenous spread (67%), more often in patients younger than 5 years old,
or direct inoculation, often during surgical procedures (33%).30 In horses, hematogenous
spread mainly occurs in foals younger than 6 months of age, and this population
represents 11-34% of all horses with septic synovitis.1,7
Over the last 20 years, there has been a reported overall decrease in the proportion of
horses presented to referral institutions with septic synovitis secondary to an iatrogenic
intervention compared to other etiologies.1,7,11 A study from the early 90’s reported that
36% of horses presented with septic synovitis had developed infection as a result of
iatrogenic inoculation, whereas more recently, as few as 6% of septic synovitis cases
presented after an intra-articular injection or surgical intervention.1,7,11 Because of
inherent limitations in comparing studies, for example one study only included cases that
were treated endoscopically, and the other study excluded foals and horses that had no SF
analysis, difficultly arises in determining whether this is a true reduction.7,11 However, an
improvement could be expected because of the improvement in aseptic techniques and
the availability of technologically more advanced products and surgical techniques. It is
also possible that fewer cases are presented to referral centers, as veterinarians in practice
are more comfortable performing lavage and intra-articular injections with antimicrobials
8

than they were 20 years ago. In addition, through increased awareness of the risk factors
involved, the reduction in horses presenting after iatrogenically induced septic arthritis
could be a true decrease in cases. Occasionally (6-14% of cases) no cause for septic
arthritis can be identified, and these cases of so-called “idiopathic septic arthritis” are
thought to be of hematogenous origin.1,11,35,36
Overall, the tarsocrural joint (16-34%) or digital flexor tendon sheath (6-28%) are
the most commonly involved synovial structures, followed by the fetlock (15-20%),
carpus (7-18%) and stifle (7-11%).1,7,11 In foals, the stifle is the second most commonly
involved structure, after the tarsocrural joint.37,38 Hind limbs are more commonly affected
(66%) in foals then front limbs (34%), whereas no difference in limb distribution in the
overall population has been reported.37,38 In over 50% of foals, more than one synovial
structure is involved, whereas in adults this proportion is very low (1-3.9%).1,2,6,11
Septic arthritis developing after arthroscopic surgery most frequently occurred in the
carpus, but a more recent study reported that the tarsocrural joint becomes infected most
frequently post-operatively.1,29 Unfortunately, data are not available regarding the type of
joint that is most frequently examined arthroscopically, which might predispose one joint
over the other, as this also could have changed over time.
In horses where the etiology was unknown, the tarsocrural and distal interphalangeal
joints were overrepresented.1,7 Of all tendon sheaths and bursae, the digital flexor tendon
sheath was most frequently involved, and the most common cause was a traumatic
injury.1,7,11,39,40
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1.2.3.1.2

Predisposing risk factors

Few predisposing factors have been identified for the development of septic arthritis
in horses. In foals, the risk was found to be highest in those younger than 30 days old,
and when they had decreased or absent passive transfer of maternal antibodies,
presumably through increased risk of bacteremia.6,41,42 Standardbreds and draft breeds
were suggested to be predisposed to septic synovitis.1,29 In both studies, septic arthritis
patients were referenced to the total patient population, suggesting breed was a true
predisposing factor.1,29 An overrepresentation of racehorses has been suggested within
the group of horses with iatrogenic injection as inciting factor.5 It was postulated that
these horses more frequently receive intra-articular injections, which was also a
predisposing factor for developing septic arthritis.5 The predisposition for chronic
lymphedema and possible deficient immune responses in the distal limb of draft breeds
could explain their higher rate of developing septic arthritis.29 The more demanding
bandage technique required for the tarsocrural joint could explain its predisposition for
developing septic arthritis post-surgically.29 The arthroscopic skin portals in this joint are
in close proximity to the synovial capsule and are often large in size, which also could
lead to synovial leakage predisposing to entry of bacteria.29
A significant reduction in both superficial and deep incisional infections was
reported in a study involving 6000 human patients undergoing closed long bone or hip
fracture surgery when antimicrobials were used prophylactically.43,44 In contrast to
studies of human patients, pre-operative and/or post-operative intra-articular
antimicrobial therapy did not influence the development of septic arthritis after
arthroscopic surgery in horses.29 The very low number of horses with post-operative
10

infections after elective arthroscopic surgeries, together with the low total number of
reported cases, could have limited the detection of a difference between horses with and
without antimicrobial prophylaxis.29 In addition, long bone and hip fracture surgeries are
generally more invasive procedures than arthroscopy. Larger studies involving multiple
referral institutions are warranted to evaluate the necessity of prophylactic antimicrobial
use for arthroscopic surgery.
1.2.3.1.3

Prognosis

The overall reported prognosis for survival of horses after treatment for septic
synovitis is highly variable, ranging between 45% and 100% (Tables 1.1 to 1.3).1,2,7,9,45-48
Foals are often at the lower end of this range, which most likely results from the variety
of factors associated with septic arthritis in foals, as systemic disease processes are often
present.1,37,38 These data suggest that the overall chance of survival and discharge from
the hospital in foals with septic arthritis has increased in the last 10 years.1,37,38 This could
be a reflection of an improvement treatment modalities and supportive care provided.
However, the likelihood that a foal with septic arthritis will race at least once appears not
to have changed over time.6,38,46 This would indicate that despite rapid identification,
utilization of minimally invasive surgical techniques and local antimicrobial delivery
modalities, the initial damage caused by the severe inflammatory process is not easily
repaired. Septic arthritis significantly decreased the likelihood of a foal to race, compared
to its siblings and it also took foals previously diagnosed with septic arthritis significantly
longer until their first race.7,49
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Interestingly, when evaluating the overall proportion of foals that raced, 66% of
normal foals versus 48% of foals that were successfully treated for septic arthritis,
reached that milestone.49 The populations described in the foal studies, which are
summarized in table 1.3, vary greatly as some reports only included foals coming from
large breeding farms with intense monitoring and highly specialized care.49 Involvement
of multiple joints or the presence of osteomyelitis also appeared to be inconsistent
between study populations.38,49 Outcomes of foals with septic arthritis are highly
influenced by non-orthopedic related conditions like septicemia and pneumonia,
precluding conclusions regarding prognosis and athletic performance based on resolution
of the synovial infection.
When excluding foals, the overall discharge rate from hospital of horses with septic
arthritis ranged from 85% to 94%.1,7,11,51 One additional study reported a 100% discharge
rate; however, two horses in that study had to be euthanized after discharge due to
recurrence of septic arthritis, and only 4 of 7 horses returned to competition after
treatment.29 Success rates for return to the intended use after treatment of septic arthritis
have been reported to be as high as 75% or as low as 41%.45,51,52 Most studies reported a
relatively high follow-up rate (60 to 95%) but seldom were data provided on the level of
performance after resolution of the septic process obtained objectively.11,49,51-53 Often
only the presence of residual lameness and achievement of the previous level of
performance were reported.7,11,53,54
Similar survival rates were reported for both tendon sheath or joint involvement
(Tables 1.1 and 1.2).1,40,55,56 Only one study reported a significant difference in survival
rate, with involvement of a tendon sheath associated with a more favorable prognosis.1 It
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has been suggested that this difference may be attributable to anatomical differences.1
While cartilage fails to perform its meticulous functions when damaged, fibrous
adhesions within a tendon sheath will impair athletic function but may yield a pasturesound horse.1 More recent studies fail to demonstrate a significant difference in outcome
between joint and tendon sheath infection.9,40,56
1.2.3.1.4

Prognostic indicators

A large number of variables are associated with survival and return to athletic
function following treatment for septic synovitis (Tables 1.1 to 1.3).5,51,52,54 Intuitively, it
is thought that the sooner treatment is initiated, the lower the risk of permanent damage
and the better the outcome, which is supported by some studies.9,37,51,52,55 However, other
studies have not demonstrated an association between the duration of clinical signs prior
to referral and survival or return to athletic function.5,7,11,39,56 These inconsistent results
could be related to a difference in host responses, variability in bacterial virulence and
pathogenicity or differences in study design.54,57 An additional limitation is that the
studies rarely mentioned or corrected for possible treatments applied prior to referral,
which could have hampered outcome. In human studies, time did seem to be one of the
most important prognostic indicators.58,59 However, differences in outcome assessment in
humans compared to horses prohibits direct comparison.
The extent of the infectious process negatively influences outcome. Foals with more
than one synovial structure involved were at higher risk for non-survival or decreased
athletic performance.37,38,52 Instead of this being directly related to the difficulty of
treating more than one infected synovial structure, it could very well be because foals that
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are septicemic and/or immune-compromised have a poorer prognosis.37 Only 32% of
foals with septic arthritis survived when they were also bacteraemic.60 In adult horses,
infection in adjacent tissues like bone and cartilage, or the presence of excessive pannus
was associated with a decrease chance of survival and/or return to athletic function.7,9,5254,61

Concurrent synovial sepsis and injury or complete rupture of a tendon, irrespective
of the cause, decreased the likelihood of horses to survive and to return to athletic
function.9,54,55 Tendon sheaths and bursae are anatomically and functionally very much
like diarthrodial joints.39,62,63 Therefore, the principles of synovial infection, including
etiology, clinical signs, management and treatment modalities are similar.1 Lesions of a
tendon within the sheath can occur through trauma, but also secondary to sepsis.39,55,64
Secondary injuries are thought to be a consequence of enzymatic degradation of the
tendon fibers, either by bacteria or inflammatory cells.64
The type of joint involved is rarely associated with outcome. Foals with a septic
coxofemoral joint or navicular bursa were less likely to be discharged from hospital.1,38 In
adult horses, only sepsis of the distal interphalangeal joint was associated with a poor
outcome. Half of the horses were euthanized and the remaining horses were pasture
sound after ankylosis of the distal interphalangeal joint.65,66
Culture of an organism from SF is associated with a worse prognosis for survival and
return to intended use compared to SF with no growth on culture.11,38,54 This association
had also previously been recognized in children.67,68 It appears logical to conclude that
organisms are cultivated easier from a more severe infection. But multiple factors affect
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the success rate of obtaining an organism from SF culture, and a negative culture result
does not exclude sepsis. In foals with a (mixed) gram-negative bacterial infection, or
more specifically when Salmonella spp. was identified on culture, the prognosis was less
favourable (Table 1.3).6,37 Staphylococcus aureus appeared to be more difficult to
eradicate when it was cultured from a septic joint and was reported to have a poorer
prognosis for return to athletic function.11,54 On the contrary, in a relatively smaller study
(n=15), a satisfactory return to athletic function was reported after isolation of S. aureus.5
In humans, greater cartilage damage occurred with S. aureus infections compared to other
organisms.69 This is most likely related to Staphylococcus spp. specific virulenceassociated factors, such as adhesins that participate in the adhesion of the organisms to
the synovium.54 Even though limited data is available, the involvement of fungal
organisms are associated with a poor to guarded progrnosis.60,70,71
Survival rates are improved when enhanced methods like arthrotomy, arthroscopy
and local antimicrobial delivery modalities are added to the routine treatment of lavage
and systemic antimicrobial therapy.37,72-74 A negative association between the use of
intravenous regional limb perfusion and antimicrobial use and survival has been reported,
but this could have been a result of selection bias, with more severe infections
undergoing those treatments.7 Interestingly, in tendon sheath infections, novel treatments
like tenoscopy or tenosynovectomy made no difference in long-term survival or return to
function compared to lavage only.9 The authors suggested that in tendon sheaths,
visualization and precise debridement of necrotic or infected tissue could be of less
importance than general through-and-through lavage.9 The evidence for this is
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questionable, as there was a relatively low number of horses in each group, and numerous
ancillary treatments were not taken into account.9
1.2.3.2

Bacteriology of septic synovitis

In horses, the causative organism is largely related to the initial mechanism of entry.
In foals younger than 6 months of age, gram negative Enterobactericeae (45%), and in
particular Escherichia coli (28%), were the most common organisms isolated from SF.1
Second most frequently cultured organisms were Streptococcus spp. or Rhodococcus
equi, followed by Staphylococcus spp. and Actinobacillus spp.1,38 These organisms are
usually present as part of the foals’ microbiota and in the foals’ environment, and reach
the joint cavities via hematogenous spread after infection of the umbilical structures, or
through translocation from the lower airways or gastrointestinal tract.6,26 Commonly in
this group, more than one bacterial species can be isolated.1
Immune-complex deposition within synovial structures leads to polysynovitis in
approximately one-third of foals with R. equi pneumonia.75-77 R. equi septic arthritis or
osteomyelitis can occasionally be the result of secondary bacteremic spread of the
organism, but may also develop without apparent lung or other source of infection.78
Cytological examination of the SF usually reveals a non-septic mononuclear pleocytosis
and bacteriologic culture of the SF is negative.75,76 The tarsocrural and stifle joints were
most commonly affected. In most cases lameness was not apparent or limited to a stiff
gait, which distinguishes them from foals with septic arthritis.77
It has been reported that multiple organisms are more likely to be cultured from SF
from horses with a traumatic wound.1 Enterobactericeae (26%), Staphylococcus spp.
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(26%), and Streptococcus spp. (21%) were most commonly present.1 After entry of
organisms via an intra-articular injection or during a surgical procedure, Staphylococcus
spp., of which some species are commensal on the skin and mucous membranes, were
identified in 69% of the positive cultures.1,5 After strictly orthopedic procedures,
excluding primary septic arthritis, 24% of the isolates were Enterobactericeae, followed
by Streptococcus spp. and Staphylococcus spp.79 Pseudomonas spp. were isolated from
SF of 20% of horses after a surgical procedure.1 Horses developing septic
synovitis/osteomyelitis after fracture repair, equally grew a Streptococcus spp. (22%) or a
Staphylococcus spp. (19%)1. Other organisms recognized in septic arthritis in horses, but
less frequently, were Corynebacterium spp., Salmonella spp., Enterobacter spp.,
Klebsiella spp., Citrobacter spp., Acinetobacter spp., Proteus spp., and Bacillus
spp.1,54,71,80
In horses with traumatic injury, anaerobes were isolated more frequently, namely in
26% of cases, in contrast to a detection rate of 9 to 10% for the other etiologies.1,38,71
Clostridium spp. and Bacteroides spp. were the most common organisms, and the latter
was more often resistant to antimicrobials.1 These outcomes may not represent actual
prevalence as not all samples were cultured under anaerobic conditions, and species
identification was not consistently performed.1,71
Mycobacteria rarely cause septic arthritis in horses but should be considered as
differential diagnosis when dealing with treatment-resistant septic arthritis.70,81 Mycotic
synovitis may be caused by several organisms, including Candida spp., Scedosporium
prolificans, or Aspergillus spp., with the latter being reported in up to 6% of horses with
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septic synovitis.70,82,83 Lyme disease (Borrelia burgdorferi) is rare, but can cause an
immune-mediated form of polyarthritis in horses.82
1.2.3.3

Pathophysiology of synovial infections

Bacterial invasion and growth is facilitated by any pathological alteration in the
normal synovial structures’ homeostasis, or by the presence of devitalized tissue or
foreign material.26 Slow blood flow and a low oxygen tension at the end of long bones in
young foals have been suggested to promote bacterial colonization of joints and adjacent
bones.41 In one in vitro study, normal, healthy synovial membrane was capable of
inhibiting and neutralizing a small amount of microorganisms (100 colony-forming units
or CFU per 10 grams of synovial membrane).26 However, in vivo and when larger
numbers of organisms, or particularly virulent species are involved, the host’s immune
system may become overwhelmed.41 In experimentally-induced synovitis in healthy
horses, clinical signs of infection developed after injection of small doses (0.5ng up to
120ng) of E. coli lipopolysaccharide (LPS or endotoxin) or inoculation of the joints with
as little as 104 CFU of S. aureus.24,57,85
Microorganisms contain many different antigens, which are recognized by the host
as foreign and initiate an acute immunologic reaction.26 In response to the bacterial
antigens, synoviocytes and neutrophils release a plethora of cytokines, initiating
vasodilation of the synovial capillaries, and increasing vascular permeability.86
Extravasation of fluid and proteins, and a rapid influx of inflammatory cells
(predominantly neutrophils) into the joint space take place.86 The neutrophils destroy
organisms both intracellular and by releasing free radicals and destructive enzymes like
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lysozyme, elastase, cathepsin G, caseinase and collagenase.26,87 The reactive oxygen
metabolites and proteolytic enzymes from neutrophils or from bacteria themselves also
contribute to the enzymatic breakdown of hyaluronic acid.88 Additionally, neutrophils
release inflammatory mediators like interleukin-1 (IL-1), prostaglandin E2 (PGE2) and
tumor necrosis factor (TNF).26 Chondrocytes express IL-1 receptors and after IL-1
stimulation, a derangement of normal cell metabolism, reduced proteoglycan production
and a release of matrix metalloproteinases (MMP’s) is initiated.26 MMP’s such as
stromelysin, collagenase, and gelatinase, regulate normal cartilage turnover but also play
a major role in the degradation of cartilage matrix during sepsis.26,88 These zinc
endopeptidases break down extracellular matrix components like type II collagen and
aggrecan.26
Non-specific inflammatory mediators, important in the coagulation and fibrinolytic
pathways, will also enter the joint space.26 This results in the accumulation of fibrin
within the joint space, and on the synovial membrane surface, which will interfere with
nutrient exchange and cause synovial ischemia.26 This intrasynovial fibrinocellular
conglomerate, or pannus, can trap devitalized tissue, foreign material and bacteria.7
Growth and hibernation of the latter in this “nidus” may be responsible for the
recalcitrant and late chronic infection often seen with septic synovitis.26
Certain organisms are more likely to produce a delayed immunologic response,
which is more often recognized in humans. “Post-streptococcal reactive arthritis” results
in a delayed and prolonged arthritis that is secondary to an extra-articular infection, most
frequently of urogenital, gastro-intestinal or respiratory origin.89-92 The bacteria travel
from the primary site of infection to the joint, resulting in the persistent presence of
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bacterial cell wall fragments, DNA and/or viable but not cultivatable bacteria within the
joint space.90-93 In these so-called “seronegative spondyloarthropathies”, SF is sterile and
the individuals are negative for rheumatoid factor.90 Genetic factors appear to play an
important role in the etiology, as the human leukocyte antigen B27 (HLA-B27) is present
in up to 80% of the diagnosed individuals.90 The existence of this type of pathogenesis in
horses is questionable, except for “reactive arthritis’ seen in association with R. equi
immune-mediated polyarthritis.94
1.2.4

Diagnosis of synovial infections

Obtaining an accurate diagnosis in a horse suspected of septic synovitis is difficult
because no single test can serve as a true gold standard.10,11,26 History and clinical
examination, as well as SF analysis are of great diagnostic value. Any pathological
alteration in the trans-synovial diffusion or normal synoviocyte metabolism will result in
a change in SF volume and/or composition. Turbidity and a decrease in viscosity, in
conjunction with an elevated protein level (>40g/L) and a total nucleated cell count
(TNCC) above 30x109/L comprised of >80% neutrophils, are considered supportive of a
septic process.85,95,96 However, protein values less than 25g/L have been reported in
combination with bacterial growth on SF culture.10 An infectious process should also be
suspected with a TNCC between 10x109/L and 30x109L, in particular when present
together with an increase in neutrophil proportion and a suspected septic clinical
assessment.10,95 SF analysis only provides a snapshot of events at a single time point
during the septic process. Ultimately, while cytological parameters can suggest whether
any infection is present, results cannot be considered definitive.
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In human medicine, measurement of enzymes, acute phase proteins and electrolyte
levels in SF are widely used to aid diagnosis of septic arthritis.59,97,98 Instead of
identifying bacteria, the host’s response is assessed by measurement of biomarkers in the
SF, ideally those that are specifically released during septic arthritis.97 Application as
mainstay diagnostic tests remains questionable, as the potential biomarkers released by
infectious synovitis are non-specific and indicative of general inflammation and tissue
necrosis.97
1.2.4.1

Culture and Gram stain

In a large proportion of horses suspected of septic synovitis, no bacterial growth is
obtained on SF culture (Tables 1.1-1.3). Localization of organisms in the synovial
membrane, the intrinsic bactericidal properties of SF, or the presence of only a very small
number of organisms, have been suggested as possible causes.3,95,99 Prior administration
of antimicrobial drugs can eliminate the presence of live bacteria, necessary for positive
culture results.33,100 Slow growing (fastidious) or intracellular organisms can also result in
false negative cultures.33,101
Blood culture bottles and commercially available containers facilitating lysiscentrifugation pre-treatment have increased the isolation rates compared to conventional
agar plate and broth methods.100,102,103 Despite these advanced culture methods, most
recent studies on septic synovitis in horses still reported relatively low isolation rates
11,38,40,50

and many studies have not reported their culture methods.11,45,52,54 Isolation of

organisms from SF was significantly more successful in foals compared to adult horses,
and even more so when osteomyelitis was present.1,104 In one study a higher proportion of
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positive culture results was obtained when patients had not received any antimicrobial
therapy or at least not in the last 24 hours prior to sampling, whereas another study failed
to demonstrate this.11,50
Clinical trials in dogs and horses have documented that bacterial recovery rates from
SF are similar to those from synovial tissue.85,103 In a clinical study involving horses with
suspected septic arthritis, positive cultures were obtained from 52% of SF samples and
from 36% of synovial membrane cultures.95 Combination of SF and synovial membrane
culture results increased the sensitivity of culture, but routine synovial membrane biopsy
was not considered warranted, since it is more traumatic and not easily performed in
horses without general anesthesia.95,103
Organisms were identified on Gram stain in roughly 50%-70% of humans with
septic arthritis.33,95 Gram staining in horses revealed organisms in only 58% and 21%,
respectively, of positive and negative culture samples.95 Bacteria were observed in only
24% of direct smears of equine SF from septic joints.1 Gram staining of SF samples
appears to be rarely included and/or reported in SF analysis for diagnosis of septic
synovitis in horses.11,53,54
1.2.4.2

Molecular diagnostic techniques

Many of the diagnostic modalities currently under development use molecular
biological techniques like PCR for the detection of bacterial DNA. In 1985, Kary Banks
Mullis developed a technique to amplify DNA by multiplying a single strand of genetic
material innumerably within hours, for which he received the Nobel Prize in chemistry in
1993.12,105 In 1993, Higuchi first described the use of fluorescent-labeled probes,
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resulting in the newly developed real-time PCR technology.106 Since its development,
PCR has proven to have multiple applications in medicine, genetics, biotechnology, and
forensics.
With the use of a thermostable DNA polymerase, a pair of DNA oligonucleotides
(primers) and deoxyribonucleoside triphosphates, a nucleotide sequence on a desired
gene is amplified several billion fold.107 With each round (cycle) the newly generated
DNA fragments act as a template for the following cycle, thereby increasing the amount
of target DNA sequence every cycle in a exponential manner.107 PCR usually consists of
three steps in each cycle. In the first step (denaturation), heat separates the two DNA
strands. The second step (annealing) allows oligonucleotide primers to hybridize to the
complementary sequences on the two DNA strands during cooling of the DNA, followed
by the third step (extension), where the DNA is synthesized starting from the two
primers.107
1.2.4.2.1

Real time quantitative PCR versus conventional PCR

RT PCR assays measure the amount of DNA target as it accumulates during the PCR
reaction by means of a fluorescent molecule that is added to the reaction mixture.108
Conventional or endpoint PCR assays only allow for examination of the final amount of
DNA after a defined number of cycles, via agarose gel electrophoresis.109 Endpoint PCR
returns a “yes/no” result with regards to presence of the target sequence, whereas during
RT PCR, the amount of target DNA can be quantified by comparing the exact cycle
number at which amplified products accumulate with a pre-derived quantitative standard
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curve.109 During RT PCR, amplification and detection occur in the same closed vessel,
greatly reducing the risk of carry-over or contamination.110
1.2.4.2.2

Characteristics of the real time PCR technology

Nucleic acid detection methods currently used in conjunction with RT PCR can
essentially be divided into non-specific, DNA binding fluorophors and Fluorescence
Resonance Energy Transfer (FRET) probes.107,111 Earlier RT PCR assays incorporated
the fluorescent dye SYBR-Green, a fluorophor that binds to double-stranded DNA as it is
produced.111 The setup of a SYBR-Green assay is straightforward and another advantage
over FRET-probe based assays is a decrease in costs. SYBR-Green assays do not require
the commercial synthesis of a dual-labeled hybridization probe or molecular beacon as
the fluorescent dye is incorporated directly in the reaction mix.111
SYBR-green binds to the minor-groove of double stranded DNA molecules and
fluoresces under excitation, thus overall fluorescence increases proportionally to the
double stranded DNA concentration of any sequence. When free in solution the dye does
not exhibit fluorescence.112 The main disadvantage of SYBR green assays is that their
lower initial cost may sacrifice specificity, since non-specific DNA hybridization will
also result in SYBR green binding.111 The FRET-probes include 5’-nuclease probes or
Taqman probes, dual-labeled FRET hybridization probes and molecular beacons.107 In
principle, they transfer light energy between two adjacent dye molecules resulting in a
fluorescent signal when architecture of the nucleic acids changes during formation of the
double-stranded DNA.107,111
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The cycle number, at which product detection begins, is called the threshold cycle
(Ct) and is determined early in the exponential phase of the reaction.107 Ct is inversely
proportional to the starting quantity of target template present in the initial sample, with a
sample containing a higher starting amount of DNA target giving rise to an earlier
increase in detectable fluorescence.107,112 The spacing of fluorescence curves in an
amplification plot is therefore determined by the following equation: 2n = dilution factor
(where n is the number of cycles between the curves at the set fluorescent threshold). A
ten fold serial dilution of DNA (2n =10) yields a 3.32 difference in Ct values.113 This is a
theoretical value, as it would only apply when reaction efficiency is 100%, which rarely
occurs.113 The measured fluorescence in a RT PCR is expressed without an absolute unit.
When the log of a series of known starting quantities is plotted against the acquired Ctvalue, a linear regression line is obtained that can be used to determine the starting
quantity of an unknown sample. The graph will also allow for calculation of overall RT
PCR efficiency.108
By means of the melting or dissociation curve, the end product of the RT PCR can
also be evaluated in the same assay without use of gel electrophoresis.108 The concept of
melting curve analysis is based on amplicon length, sequence, and difference in GCcontent between the amplicons.115 The dissociation of the double stranded DNA, when
the temperature is gradually raised through the melting temperature (Tm) of that specific
product, is measurable by the large reduction in fluorescence that results.108 Melting
curves can be plotted as either a function of the decline of fluorescence to the temperature
(relative fluorescence unit vs. T), or as a plot of the negative derivative of fluorescence
with respect to the temperature (-dF/dT vs. T).108
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The specificity of SYBR-Green assays is mainly dependent on the specificity of the
primers used, as all double stranded DNA generated throughout the assay will bind the
dye.115 As a result, any non-specific amplification products, including primer-dimers, will
produce a false signal and false positive data. Since these products cannot be
distinguished from the desired amplicon by just monitoring the fluorescence during the
PCR, melting curve analysis is necessary. High-resolution dyes allow for the detection of
subtle changes in melting properties, resulting in more precise assessment of sequence
variation and therefore species variation.116
Major limitations of the PCR technology when used for identification of causative
organisms are the inability to assess viability/pathogenicity of the organism, and the
inability to provide the clinician with antimicrobial susceptibility data.
1.2.4.2.3

Characteristics of the 16S rRNA gene

Bacterial identification by sequencing of the 16S rRNA gene was originally used for
phylogenetic analyses and taxonomic classifications.117,118 In the last decade, its use as a
diagnostic tool has lead to the discovery and sequence identification of slow-growing,
unusual, and fastidious bacteria causing clinical disease in people.119
The 16S rRNA gene codes for small subunit ribosomal RNA, which is present in all
prokaryotes; and hence the name broad range or universal PCR.120 The gene contains
well conserved sequences of DNA common to all bacteria; and is therefore assumed to be
a critical component of bacterial cell function.117 The 16S rRNA gene is sufficiently large
(approximately 1500bp) to contain relevant differences in sequence composition,
allowing for taxonomic identification on at least family level.117 So-called divergent or

26

variant sequences unique to each bacterial species are located in between the conserved
sequences on the gene.120 These hypervariable regions (V1-V9) have been extensively
used for species identification and primers are designed to match the sequences of
conserved regions flanking the variable regions, the variable regions are amplified and
subsequent sequencing of the PCR product will lead to bacterial identification.119,120 The
more divergent the sequences, the more distant the phylogenetic relation of the
species.12,118
Unfortunately, each hypervariable region has a different degree of sequence
diversity, and not one hypervariable region is able to distinguish among all bacteria.121
For example, the V1 hypervariable region appeared to best differentiate between common
pathogenic Streptococcus spp. and Staphylococcus spp., whereas identification of all
bacteria up to genus level, except for the Enterobactericeae, was best performed with the
V2 and V3 regions.121 Depending on primer location on the 16S rRNA gene, not always a
definite strain or species-level identification can be provided.121,122 Primer bias can occur,
which results in the unequal amplification of certain PCR product and can lead to the
under-representation of specific species.121
There is a significant difference in number of 16S rRNA gene copies between
different genera; for instance, Escherichia coli and Mycobacterium spp. each have seven
and two copies, respectively of the gene in one isolate.119 This will increase the
possibility of detecting a lower number of organisms in those isolates possessing multiple
16S rRNA copies versus those with a single copy gene.119,123 Subsequently, it will impact
the detection threshold or analytical sensitivity of the assay and may alter ultimate
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template quantification. The amount of sequence heterogeneity that is present between
the gene copies within a single isolate is currently unknown.119
1.2.4.2.4

Contamination with 16S rRNA gene PCR

The “broad range” characteristics of universal bacterial PCR make the assay more
prone to contamination with exogenous DNA than when using species-specific PCR
assays.17 This is particularly important when very low numbers of bacteria are present in
the sample.124 With very little bacterial DNA present, and therefore a high primer-totemplate ratio, collision frequency of primer and template is markedly reduced. Nonspecific binding of primers occurs, resulting in non-specific products and primerdimers.125 These undesired products consume the stock of primers and enzyme, which
will decrease primer-annealing efficiency, reducing amplification of the template. In
addition, the low amounts of contaminating DNA can compete with the template for the
reagents.126 When starting out with a very small amount of DNA, there is an increased
likelihood of loss during handling or by enzymatic DNA-degradation. Substances like
nucleases are abundant on the surface of the human skin and can be present in the
environment.126 Broad range characteristics also prohibit the use of 16S rRNA PCR when
a normal flora or mixed infection is present in the clinical sample.127
Aseptic sample collection, meticulous handling skills, and the use of disposable,
sterile laboratory equipment are important to limit airborne and crossover
contamination.124 Ideally, separate rooms are used for DNA extraction, master mix
preparation and template addition and all manipulations are performed under laminar
flow hoods, which have been ultraviolet (UV) radiated prior to use.124,128
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Broad range PCR assays may also become severely compromised by DNA
background in extraction kits and reagents.129,130 An important source of exogenous DNA
is Taq polymerase (a protein enzyme derived from Thermus aquaticus or E. coli), with
contamination detected in up to 85% of commercially available master mix
samples.123,125-130 UV-radiation, with or without 8-methoxypsorale treatment, restriction
enzyme digestion, ultrafiltration and pre-treatment with DNAse has been evaluated for
decontamination of reagents.123,131 DNAse treatment of the master mix prior to addition
of the primers and target DNA appeared to be most effective, but optimal DNAse
concentrations and adequate DNAse inactivation methods need to be established to
minimize inhibition of the PCR.130,132 Thermal damage of the Taq polymerase during
heat inactivation of the DNAse or incomplete DNAse inactivation, resulting in
consumption of the primers or target DNA by residual DNAse, may therefore affect
reaction sensitivity.130,132 Removal of all exogenous contaminating DNA material from
the PCR reagent mix, without compromising the sensitivity and efficiency of the PCR has
shown to be very challenging and maybe impossible.123,130,133
1.2.5

Broad range PCR for the diagnosis of synovial infections

1.2.5.1

Human applications

Few studies have described the use of broad range PCR for detection of acute septic
arthritis in humans, but large amounts of data are available on its use for diagnosing
periprosthetic joint infections.16,133-135 In “aseptically loosening implants” with no growth
on SF culture, molecular techniques have been able to demonstrate the presence of
bacterial DNA in up to 15% of joints.136 During revision hip arthroplasties, higher
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bacterial DNA detection rates, of up to 46% of samples have been suggested.137 The high
contamination rate of the control samples in this study (obtained during primary hip
arthroplasty) however, questions the significance of the study results.137
An overall sensitivity and specificity of 93% and 96%, respectively, were reported
for a conventional broad range PCR used on 525 SF and bone samples of patients with
high clinical suspicion of infection.137 Sensitivity and specificity of culture was 87% and
89%, respectively.138 The “gold standard” used for calculation of these test characteristics
was based on a combination of the culture and PCR results in the study itself, which
questions the accuracy of these results.138 Statistically, they were not significantly
different.138 The assay was able to identify several previously never/rarely reported
organisms (Anaerococcus, Peptoniphilus, Alkanindiges illinoisensis and Prevotella) and
it was concluded that broad range PCR was particularly useful for the evaluation of
culture-negative cases.138 After sonication of 120 loosened and removed implants,
conventional 16S rRNA gene PCR demonstrated bacterial DNA in 72% of samples.139
Interestingly, with immunofluorescence microscopy and histology, organisms were seen
in 73% of the samples, whereas bacterial growth on culture only occurred in 22% of
samples.139
Contradictory results have also been reported. Broad range PCR assays for the
detection of bacterial DNA in samples obtained during revision arthroplasty, had positive
predictive values ranging from 22% to 34%.12,140 Serology and histology were used as
diagnostic tests besides culture, suggesting these results are true positive predictive
values.140
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Real time PCR has resulted in relatively high sensitivity and specificity levels, as
apparent when reviewing the RT PCR data in table 1.4.133,135,141 Most of the RT PCR
results however are compared with the culture results, which is not a “true” gold
standard. When considering culture as the gold standard, RT PCR’s high sensitivity
levels may overestimate the infection rate, whereas specificity may be underestimated.
This is an inherent problem when assessing the accuracy of a diagnostic test without a
true “gold standard”.
Establishing a cut-off value to indicate whether a sample is positive or negative can
be very challenging and has largely been empirical.16,135,141 In addition, only few studies
report on the validation of their PCR assay. In one RT PCR study, a limit of detection of
10 CFU/ml was reported, whereas another study suggested a mean of “50 bacteria” based
on tissue biopsies spiked with E. coli.133,135 As far as this author is aware, none of the 16S
rRNA gene RT PCR studies have reported PCR-efficiency or linear dynamic range.
Molecular and immunological evidence suggests a periodic or continuous presence
of bacteria, bacterial DNA or bacterial antigens in synovium and/or SF.90,91 The bacterial
antigens could be involved in the pathogenesis of rheumatoid, reactive or undifferentiated
arthritis.90,91,142,143 Bacterial DNA has even been demonstrated in SF of healthy
individuals, which is thought to be a result of translocation from other infection sources
in the body.144
1.2.5.2

Veterinary applications

The presence of “non-infective microbial DNA” in SF can complicate interpretation
of molecular diagnostic tests and has not only been reported in people. Muir and
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colleagues demonstrated bacterial DNA in the stifles of dogs with naturally occurring
canine arthropathy and cranial cruciate ligament rupture (CCLR).145 The DNA fragments
were often in association with a recognized joint pathogen and no bacterial DNA could
be detected in SF of control animals.145 It has been suggested that bacterial DNA could
play an important role in the pathogenesis of inflammatory arthritis and cranial cruciate
rupture in dogs.145 Interestingly, the same group also demonstrated seasonal variation in
the presence of bacterial DNA, with lowest detection rates found in summer.145 When
evaluating the association between bacterial load and inflammatory biomarkers in dogs
with stifle arthritis and CCLR, no correlation could be demonstrated.145 Furthermore,
there was no direct relationship between bacterial load and radiographic or histologic
changes.147
Very little research has been performed on the use of universal PCR for the detection
of septic arthritis in horses and only conventional PCR techniques have been
described.19,20 In the earliest reported experimental study, SF from normal horses was
inoculated with known isolates and subsequently incubated in a trypticase soy broth for
12 hours.18 After manual DNA extraction, conventional 16S rRNA gene PCR was
performed, and under these experimental circumstances PCR and culture results had
similar sensitivity.18
A more recent study evaluated the use of broad range PCR for the detection of
bacterial DNA in 6 SF samples from equine patients with culture confirmed infectious
synovitis.19 Reverse line blot hybridization and chemiluminescence were used for
visualization of the amplicons, which is less specific and very labour-intensive.19 In a
subsequent study from the same group, a superior detection rate of 89% for the PCR
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compared to incubation in commercially available blood culture medium (78%) or
Columbia agar (38%) was demonstrated.20 SF samples of both clinically normal horses
(n=31) and horses with presumed synovial infection (n=57) were included and specificity
was 93%, 97% and 96% for the PCR, blood culture medium and agar, respectively.20
False-negative results (11%) were attributed to the considerably smaller sample volume
used for PCR compared with the culture methods.20 As far as this author is aware, there
are currently no data available on the use of broad range primers in combination with the
RT PCR technology for the detection of bacterial DNA in SF of horses.
1.2.5.3

Limitations and future applications of 16S RT PCR for synovial
infections

Broad range or universal PCR assays have their limitations. The high analytical
sensitivity of the assay warrants meticulous control measures to minimize background
contamination from exogenous sources of DNA. The assays can give false-negative
results because relatively small sample volumes are used, which can be of particular
concern when there is little bacterial DNA present in a sample. A positive sample result
can also be challenging to interpret. Because DNA instead of live organisms is detected,
the clinical significance of a positive sample may be questionable. Because only bacterial
DNA is detected, it is impossible to provide the clinician with an antimicrobial sensitivity
panel. The presence and possible significance of “non-infective bacterial DNA” in equine
joints, translocated from elsewhere in the body, has not yet been investigated.
Despite the fact that some broad range RT PCR assays have been commercialized,
optimization and validation of the assays has been poorly described. The lack of strict

33

guidelines for RT PCR experiments has resulted in data of variable quality, making
comparison of the currently available literature challenging. Recently, a consortium of
experts from both industry and research laboratories (RDML or Real Time PCR Data
Markup Language consortium) has established the so-called “Minimum Information for
Publication of Quantitative Real Time PCR Experiments” or MIQE-guidelines.148 These
describe a structured and universal data standard for the publication and exchange of RT
PCR data, which includes requirements for validation and optimization of RT PCR
assays.
Despite the above addressed limitations, broad range PCR has potential to become an
important ancillary test for the diagnosis of septic synovitis, both in humans and horses.
Serial SF samples from initially culture-positive septic joints during clinically effective
antimicrobial therapy revealed that bacterial DNA persists in the SF for prolonged
periods after culture conversion.90,149 PCR could confirm eradication of infection and
guide anti-inflammatory and antimicrobial therapies to be used more customized and
more safely.90 Via reverse transcription techniques, only bacteria that are alive and
transcriptionally active can be analyzed. DNA of dead bacteria would not be amplified,
facilitating correct interpretation of positive broad range PCR samples.150
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1.6

Tables

Table 1.1

Summary of retrospective studies of septic synovitis in horses.
Prognostic
indicators of nonsurvival

Prognostic indicators
of decreased future
performance

Proportion
of horses
discharged

Proportion
of horses
returned to
athletic
functionb

Study period

Population and
study specifics

n

Proportion of
SFa with
bacteria on
culture

Peremans et
al, 199151

<1991

Adults,
monoarticular

34

35%

-

Duration of clinical
signs

62%

33%

Lapointe et
al, 19925

1985-1990

SBc; iatrogenic
etiology

15

93%

-

-

80%

73%

Schneider et
al, 1992a1

1979-1989

Adults and foals

192

76%

Foals; joints >
tendon sheaths

-

73% (excl.
foals)

56% (excl.
foals)

Schneider et
al, 1992b46

1986-1991

Adults;
arthrotomy

26

63%

-

-

92%

65%

Meijer et al,
200081

1996-1999

Adults and foals

39

79%

-

-

81% (excl.
foals)

-

Non-TBd; >1
structure involved;
regional IVe Abf
therapy; increased
duration of Abf
therapy

86%

70%

Reference

Wright et al,
20037

Olds et al,
200629
Lescun et
al, 200650
a

1996-2001

Adults;
endoscopic
lavage

140

-

Pannus;
osteochondral
lesion;
osteomyelitis

1994-2003

Adults;
iatrogenic
etiology

7

75%

-

-

71%

67%

2000-2003

Adults and
foals; Abf CRIg

-

High Abf dose;
female; etiology
wound or iatrogenic

91% (excl.
foals)

68%

31

38%

Synovial fluid; bPercent of all cases with known outcome; cStandardbred; dThoroughbred; eIntravenous; fAntimicrobial; gConstant rate infusion
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Reference

Maegher et
al, 200645

Continued.

Study
period

Population
and study
specifics

2002-2005

Adults and
foals; Abf
CRIg

n

Proportion
of SFa with
bacteria on
culture

Prognostic
indicators of nonsurvival

Prognostic
indicators of
decreased future
performance

Proportion of
horses
discharged

Proportion of
horses
returned to
athletic
functionb

23

48%

-

-

100%

76%

-

90% (excl.
foals)

75% (excl.
foals)

Pille et al,
200952

1999-2004

Adults and
foals

195

30-84%

Iatrogenic etiology;
regional Abf therapy;
radiographic lesion;
duration of clinical
signs (wound group)

Taylor et al,
201011

1993-2006

Adults and
foals

206

24-39%

Bacteria cultured

Culture of S. aureus

92%

58%

Stewart et al,
201053

1995-2008

Adults and
foals; Abf
CRIg

38

61%

-

Degree of lameness
at discharge; bone
involvement

92%

41%

57%

Bone/tendon
involvement

Bone/tendon
involvement;
abnormal SFa at day
6; bacteria cultured

84%

44%

Walmsley et
al, 201154
a

2005-2009

Adults

75

Synovial fluid; bPercent of all cases with known outcome; cStandardbred; dThoroughbred; eIntravenous; fAntimicrobial; gConstant rate infusion
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Table 1.2

Summary of retrospective studies of septic tenosynovitis in horses.
Prognostic
indicators of nonsurvival

Prognostic
indicators of
decreased future
performance

Proportion of
horses
discharged

Proportion
of horses
returned to
athletic
functionb

Study
period

Population and
study specifics

n

Proportion
of SFa with
bacteria on
culture

Honnas et al,
199139

1983-1989

Adults

25

81%

-

-

72%

56%

Chan et al,
200047

1995-1999

Adults; chronic;
DFTSc; ALd
desmotomy

12

-

-

-

92%

92%

Frees et al,
200240

1992-2001

Adults;
laceration DFTSc;
tenoscopy

20

46%

-

-

90%

53%

Post et al,
200361

1990-2001

Adults; calcaneal
bursa

24

100%

Involvement tuber
calcanei; >1 surgical
treatment

-

67%

57%

Fraser and
Bladon,
200455

1999-2002

Adults;
laceration DFTSc;
tenoscopy

39

-

Duration clinical
signs >36 hours;
tendon involvement

Duration clinical
signs >36 hours;
tendon involvement

77%

69%

Smith et al,
200656

1994-2003

Adults; DFTSc

90

-

-

-

88%

47%

78%

41%

Reference

Tendon rupture;
sepsis adjacent joint;
Wereszka et
Tendon injury;
1986-2003
Adults
51
65%
duration clinical
al., 20079
severe pannus
signs >10 days;
severe pannus
a
Synovial fluid; bPercent of all cases with known outcome; cDigital flexor tendon sheath; dAnnular ligament
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Table 1.3

Summary of retrospective studies concerning septic synovitis in foals.

n

Proportion
of SFa
with
bacteria
on culture

Foals

66

1983-1990

Foals

Steel et al,
19996

1987-1994

Smith et al,
200449

1988-2001

Reference

Schneider
et al,
1992a1
Fubini et al,
199948

Vos and
Ducharme,
200837

Pille et al,
200952

Prognostic indicators of nonsurvival

Prognostic
indicators of
decreased
future
performance

Proportion
of foals
discharged

Proportion of
foals
athletically
usedb

82%

-

-

45%

-

13

-

-

-

61%

-

Foals

93

64%

Salmonella; multiple systemic
disease

Multiple
systemic
disease

78%

33%

TBc foals

69

-

Multiple systemic disease

-

84%

41%

69%

Onset clinical signs >24hours
prior to admission; >1 synovial
structure involved; Gramnegative infection; mixed
infection; osteomyelitis;
degenerative neutrophils SFa

-

77%

-

-

Hypogammaglobulinemia; >1
synovial structure involved;
plasma transfusion; multiple
lavages; high TNCCd SFa

-

68%

-

>1 synovial
structure
involved;
positive
culture

81%

48%

Study
period

Population
and study
specifics

1979-1989

1994-2003

1999-2004

Foals;
53%
osteomyelitis

Foals

81

57

Age <30 days; >1 synovial
structure involved; critically ill;
Neil et al.,
multiple bone lesions; multiple
1995-2001
108
52%
201038
systemic disease; coxofemoral
joint; navicular bursa; positive
culture
a
b
c
d
Synovial fluid; Percent of all cases with known outcome; Thoroughbred; Total nucleated cell count
TBc foals;
osteomyelitis;
70% septic
arthritis
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Table 1.4

Summary of studies in humans using broad range real time PCR for the detection of orthopedic infections.

Reference

Study
period

Population and
study specifics

n

Validation
RT PCR
protocol
reported

Establishment
cycle cut-off
value

Sensitivity/
specificity
RT PCR
compared to
culture

% of samples
with bacterial
growth on
culture

% of samples
with positive
RT PCR result

% Culture
negative/RT
PCR positive
samples

Yang et al,
2008133

2006-2007

Adults;
suspected acute
septic arthritis;
SFa

121

LODb

3xSD earlier
than NCc
average;
intrarun
comparison

95% / 97%

17%

19%

3%

Rosey et al,
200716

2002-2005

Children;
suspected acute
septic arthritis;
SFa

94

NRd

>1 cycle
earlier than
NCc; 1 melting
curve

100% / 78%

15%

34%

23%

Bjerkan et
al, 2011134

2005-2007

Prosthetic joint
infection;
tissue, SFa

54

LODb

>1 cycle
earlier than
NCc

83% / 94%

33%

28%

6%

Kobayashi
et al,
2006141

2004-2005

Adults;
suspected septic
arthritis/revisio
n arthroplasty
tissue, SFa,
implant surface

45

NRd

Cycle< NCc

100% / 84%

31%

40%

29%

Kobayashi
et al.,
2008135

2003-2005

“Aseptically”
loose implants;
implant surface

92

NRd

Cycle< NCc; 1
melting curve
at appropriate
Tme

80% / 93%

11%

15%

7%

a

Synovial fluid; bLimit of detection; cNegative control; dNot reported; eMelting temperature
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CHAPTER 2:

A RETROSPECTIVE STUDY OF 367 HORSES WITH
SEPTIC SYNOVIAL STRUCTURES ADMITTED TO AN
EQUINE REFERRAL HOSPITAL, FROM 1985 TO 2010.

2.1

Abstract
Reasons for performing study: No recent studies evaluating hospital outcome for a

large group of horses with septic synovitis are available and limited data on the
association between more novel treatment modalities and outcome have been published.
Objective: To describe the clinical findings of horses with septic synovial structures,
to describe case management and short-term outcome in the last 25 years, and to identify
risk factors and treatment modalities associated with specific short-term outcomes.
Methods: Medical records (1985-2010) of horses with septic synovial structures
admitted to a referral institution were reviewed. History, signalment, clinical exam
findings, SF analysis, culture, treatment, and type of short-term outcome were recorded.
Descriptive statistics were established, variances were analyzed, and treatment modalities
and risk factors associated with bacterial growth on SF culture, short-term outcome and
hospitalization time were identified through modeling and multivariable regression
analyses.
Results: 367 cases met the inclusion criteria. Lavage of the synovial structure and
endoscopic surgery were associated with an increased likelihood of discharge. None of
the local antimicrobial delivery modalities were associated with a significant change in
outcome. Prior antimicrobial therapy did not decrease the chance of obtaining a positive
bacterial culture. Bacterial growth was associated with a decreased likelihood of a horse
53

being discharged. Clinical signs of septic synovitis were delayed if they occurred after
injection with corticosteroids compared to non-steroidal medication (P=0.037).
Conclusions: Despite the use of endoscopic-assisted lavage and local antimicrobial
delivery systems, no significant improvement in hospital outcome of horses with septic
synovitis was identified over the past 25 years.

54

2.2

Introduction
Septic synovitis is a common, performance limiting and potentially life-threatening

disease in horses. Mortality rates ranging from 7 to 22% have been reported [1-4]. Within
a few days of infection, bacterial toxins and the host inflammatory response may induce
irreversible articular cartilage damage or adhesion formation within tendon sheaths;
therefore, prompt diagnosis and aggressive treatment is warranted [5].
Numerous studies concerning septic synovitis in horses have been performed in the
last 25 years; and the largest, most commonly cited study is a retrospective study from
Schneider and colleagues, which was published 20 years ago [1-4,6]. The objective of
such studies is generally to provide the equine clinician and owner with a more accurate
prognosis, but also to evaluate new or improved diagnostic tests and treatment options [24,6-9]. More recently described treatment modalities for septic synovitis include
endoscopic-assisted lavage and regional antimicrobial delivery techniques [2,4]. Ideally,
novel therapies will shorten treatment times, decrease complication rates and improve
outcome. However, a positive association between more novel treatment modalities and
reduced duration of hospitalization or improved outcome has not yet been demonstrated.
On the contrary, endoscopic-assisted lavage may be associated with longer
hospitalization times and a poorer prognosis for survival and athletic performance
[2,4,6,7]. It is possible that horses receiving such treatments have a more severe septic
synovitis, but clinicians’ preference and owners’ compliance also play an important role
in the choice and duration of treatment. In foals, in particular, multifactorial etiologies
associated with septic synovitis challenge accurate evaluation of the effects of different
treatment regimens.
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Bacterial growth from SF samples in horses with suspected septic synovitis is
reported to range from 25% to 85% [6,8-10]. Sequestration of organisms into the
synovium, bactericidal effects of SF, and prior administration of antimicrobials, have
been suggested as causes for the lack of success in isolating organisms [11,12]. However,
the latter factor is an inconsistent finding in studies of both human and equine patients
[8,13]. Recently, several studies recognized bacterial growth on SF culture to be
associated with non-survival and decreased athletic performance [8-10,14]. The
assumption could be made that the more severe the infection, the higher the chance of
obtaining a positive culture result.
It seems reasonable to assume that the duration of clinical signs prior to presentation
at a referral institution would affect outcome. However, findings in this regard are
contradictory, with reports of either no effect or an increased likelihood of non-survival
and poor athletic performance when horses were presented at a later stage in the disease
process [3,6,8,9,14,15]. Studies often consisted of relatively small, highly variable horse
populations, that were managed differently and often concerned a specific population or
treatment modality. This makes objective assessment of possible improvements in
outcome in horses with septic synovitis over time difficult [2,4,10,11]. In addition,
assessment of long-term outcome was often variable, which prohibits accurate
comparison of outcome between the different studies [6,7,11]. A study with a large
number of cases, over a long period of time, and performed at the same institution, might
allow for more accurate evaluation of the efficacy of new treatments on hospital outcome.
The objectives of this study were to describe the clinical aspects of horses with septic
synovial structures presented to a referral institution, to evaluate the efficacy of new
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treatments on hospital outcome, and to obtain more up-to-date knowledge on short-term
outcome. We hypothesized that rapid referral to a specialist institution, use of local
antimicrobial delivery techniques, and endoscopic-assisted lavage, would be associated
with improved hospital outcome.
2.3

Material and Methods

2.3.1

Medical records

Medical records of horses presented to the Ontario Veterinary College, University of
Guelph (OVC) for evaluation and treatment of a septic synovial structure were reviewed.
Only horses with history and clinical signs consistent with a septic synovial structure
(lameness, effusion, pain and/or warmth on palpation), and diagnosed as septic by the
attending clinician were included in the study. If data were available on SF analysis and
SF culture, three of the five following SF abnormalities had to be present to include
horses in the study: (1) total nucleated cell count (TNCC) >30x109 cells/L; (2) >80%
neutrophils; (3) bacterial growth on culture; (4) total protein (TP) >35 g/L; or (5) TNCC
of 5-10x109 cells/L with TP >50 g/L. If SF analysis was not performed or recorded,
clinical signs, history and final diagnosis recorded by the attending clinician were used to
include or exclude a case. In addition, an ACVS board-certified surgeon and surgery
resident subjectively performed a final evaluation of ambiguous cases, which were only
included based on consensus agreement of the horse having a septic synovial structure.
Horses were placed in one of the following four groups based on etiology: (1) foals
<6 months of age without wound or iatrogenic septic synovitis (sepsis group, S); (2)
horses with an intra-synovial wound (wound group, W); (3) horses with a recent intra-
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synovial injection or surgical procedure (iatrogenic group, I); and (4) horses with an
unknown cause of septic synovitis (idiopathic group, ID).
Information obtained from records included date of admission, history, signalment
(breed, age, gender, use); clinical characteristics: synovial structure(s) involved, clinical
signs (lameness grade, pain, effusion, and warmth on palpation) and radiographic
changes (osteomyelitis present or not). If available, SF cytology results, bacteriological
culture and susceptibility results, and treatments applied (e.g. needle through-and-through
lavage, endoscopic-assisted lavage and evaluation, systemic antimicrobials, systemic
anti-inflammatory therapy, local antimicrobial therapy, arthrotomy, drain placement),
associated systemic disease, hospitalization time, and hospital outcome (euthanasia or
discharge) were recorded. Medical records from 1985 to 2010 were analyzed. Bacterial
culture was performed at the Animal Health Laboratory, University of Guelph using
standard techniques. Briefly, for aerobic culture, SF samples were directly plated on
blood and McConkey’s agar plates whereas for anaerobic culture Brucella agar plates
were used. An enrichment step where samples were inoculated and incubated in Tryptic
Soy Broth for 24 hrs before being plated on blood and McConkey’s agar plates was used
on all samples submitted to the laboratory after 1999.
2.3.2

Statistical analysis

The data were compiled using an electronic database (Excel: Mac 2011, Microsoft
Corporation, Redmond, WA) and subsequently exported and re-formatted in SAS® 9.3
(SAS® 9.3, SAS Institute Inc., Cary, NC) for statistical analysis. Descriptive statistics
were used to summarize the data collected (counts and percentages for categorical
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variables and mean, standard deviation [SD], and range for continuous variables).
Relations of continuous variables between groups were analyzed using a one-way
analysis of variance (ANOVA) or Student’s t-test. Fisher’s Exact Probability tests were
used to compare the proportions for binomial variables.
Models were built for the following categorical variables: a) hospital outcome,
modeled as a dichotomous outcome (discharge vs. euthanasia), b) organism seen on
cytology, modeled as a dichotomous outcome (yes vs. no), and c) bacterial growth on SF
culture, modeled as a dichotomous outcome (yes vs. no). Horses euthanized on
admission, or euthanized while hospitalized for reasons not directly related to septic
synovitis, were excluded from the models pertaining to hospital outcome and
hospitalization time as outcome variables. The number of days of hospitalization,
recorded from the day of admission until the day of hospital discharge or euthanasia, was
modeled as a continuous variable. The restricted maximum likelihood method was
applied and number of days was log-transformed to assure the data was normally
distributed. A linear mixed model was used to determine the effect of independent
variables on hospitalization days.
Univariable exact conditional logistic regression was used to evaluate risk factors.
Multivariable stepwise logistic regression analyses were performed to fit prediction
models for the dichotomous outcomes with an entry value of P<0.15 for inclusion in the
models. As well, those variables with an important biological reason based on previous
studies were also included in the multivariate model [1-11]. Hospital outcome was
modeled as the probability of a horse being discharged. Statistical significance was set for
P-values ≤ 0.05. Odds ratios and 95% confidence intervals (95% CI) were estimated for
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significant variables. The Hosmer-Lemeshow goodness of fit test was used for fit
analysis of the multivariable logistic regression models.
2.4

Results

2.4.1

Signalment and history

A total of 367 horses met the inclusion criteria. Descriptive data regarding
signalment are summarized in table 2.1, both for the four different etiology groups and
for the entire population. Mean age for the adult horses was 60 months (range 6 - 228
mo). Breed was recorded for all but one case, and was anecdotally similar to population
characteristics typical of horses admitted to our hospital. Intended use was recorded for
159 cases, and indicated 87% of horses were racehorses.
In tables 2.2 and 2.3, the location of the different synovial structures involved in each
horse and the distribution of the total number of structures (n=531) are reported. Within
the sepsis group, a mean of 2.4 (range 1-9) structures were involved per foal, whereas in
animals not in the sepsis group (iatrogenic, wound and idiopathic groups together), a
mean of 1.1 structures per horse were involved (range 1-3).
For 101 horses in the iatrogenic group, either an intra-articular injection or surgical
intervention had led to the synovial infection. In 9 cases, the type of medication injected
was not reported, leaving 79 horses with known intra-articular injection and 13 cases that
developed septic synovitis after a surgical procedure. In 25 of the 79 horses (32%), more
than one medication had been injected. Data on the use of antimicrobial therapy, either
systemic or intrasynovial, during the initial injection or surgical intervention, were not
available.
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The time between the appearance of first clinical signs was significantly longer in
horses after a surgical procedure was performed compared to those that had received
intra-articular injections (P=0.001), and when corticosteroids had been injected compared
to horses where other substances were injected (P=0.037) (Table 2.4). Lavage of the
synovial structure and intrasynovial administration of antimicrobials were significantly
more frequently performed prior to referral in horses from the iatrogenic group compared
to the other three groups combined (P=0.001 and P=0.001, respectively) (Tables 2.5a and
b).
2.4.2

Clinical findings

The presence or absence of effusion of the synovial structure was recorded in 336
horses; with effusion present in 321 (96%). A wound communicating with the synovial
structure was present in horses without effusion, prohibiting fluid accumulation. In horses
for which data on palpation of the structure were recorded, 164 of the 179 (92%) were
reportedly warm, whereas pain on palpation/manipulation of the structure was reported in
122 of the 138 (88%) cases. When excluding the sepsis group, 78% horses (179/230)
were lame at the walk or non-weight bearing.
Body temperature was recorded in 332 cases and 127 horses (38%) had an elevated
rectal temperature (> 38.5°C; 101.3°F). In contrast, animals in the sepsis group
significantly more frequently had an elevated temperature (83/112; 74%) compared to the
horses in the other three groups combined (44/176; 20%) (P=0.001). One hundred and
one of 337 horses (30%) had additional systemic disease, of which 82% (94/114) were in
the sepsis group (P=0.001). Involvement of more than one septic synovial structure was
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reported in 93/367 cases (25%), of which 58% (66/114) of the animals were categorized
in the septic group (P=0.001). In 25% of all cases (80/315) where radiographic or
surgical information was available, bone was involved in the infectious process,
diagnosed either on radiographs or by clinical evidence of infected bone (necrotizing,
infected bone tissue identified during exploration). Significantly more animals in the
sepsis group had bone involvement compared to the other three groups combined
(P=0.001). Table 2.6 demonstrates the changes in history for the iatrogenic group over
the years.
2.4.3

Clinical pathology

Systemic white blood cell (WBC) count was recorded in 152/367 cases (41%) and
findings are summarized in table 2.7. When excluding the sepsis group, a mean WBC
count of 8.5 x 106 cells/μL (range 3.4-17.9 x 109 cells/L) and mean neutrophil count of
6.9 x 106 cells/μL (range 0.9-14 x 109 cells/L) was reported. Both were significantly
different between the sepsis group and the other groups combined (P=0.001, and
P=0.001, respectively).
SF was collected and analyzed in 79% (290/367) of the horses. Out of the 77 horses
without SF analysis results available, 44 had been euthanized and post-mortem
examination confirmed the diagnosis of septic synovitis. In another six horses, bacterial
growth was obtained from a culture swab or tissue taken from the synovial structure.
Twenty-four horses belonged to the wound group, and the presence of purulent material
had allowed for correct diagnosis of a septic synovial structure. Both the ACVS board-
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certified surgeon and surgery resident subjectively evaluated the medical records and
designated the remaining 3 horses as having a septic synovial structure.
In 89% of all the SF samples, the neutrophil percentage or distribution was higher
than 80%, with mild to moderate degeneration evident in 44% of samples (122/279). In
the sepsis group, degenerative neutrophils were seen in 52% of the samples, which was
significantly more frequent than in samples from any of the other three groups (P=0.001).
Overall, in 19% (56/290) of the samples bacteria were seen on cytology, and the majority
(51/56; 91%) were located intra-cellular (Table 2.7). Within the multivariable logistic
regression analysis with the presence of organisms on cytology as outcome, the variables
local and systemic antimicrobial therapy and lavage prior to referral, the presence of
another systemic disease or bone infection, involvement of multiple synovial structures,
and etiology were included. It was 3.3 times as likely to identify organisms on cytology if
the sample originated from a horse with more than one synovial structure involved
(P=0.001; 95% CI 1.6-7.0), and 2.3 times as likely when the horse belonged to the sepsis
group compared to any of the three other groups (P=0.026; 95% CI 1.106-4.893).
2.4.4

Synovial fluid culture results

In 74% of all cases (272/367), SF was cultured and an organism was isolated in 45%
(123/272) of these samples, resulting in a total of 140 isolates (Tables 2.7 and 2.8). From
11 samples, 2 different organisms and from 3 samples, 3 different organisms were
isolated. Gram stain was not consistently performed and this data was therefore excluded
from the study. Sixty-five percent of horses (178/272) had received systemic
antimicrobials and 16% intra-synovial antimicrobials (56/355) prior to obtaining a SF
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sample for bacteriological culture. Bacterial growth was present in 42% (75/178) of
samples obtained from horses that had received systemic antimicrobials, versus 51%
(48/94) of samples from horses without prior systemic antimicrobials cultured bacteria
(P=0.200). After intrasynovial antimicrobial administration, bacteria were isolated from
SF of 26/56 (46%) horses, compared to 45% (97/216) of samples from horses without
prior intrasynovial antimicrobial administration (P=0.881). After lavage, organisms were
isolated from SF of 10/38 (26%) horses, whereas this was 48% (113/234) of samples
from horses without prior lavage (P=0.014).
The variables local and systemic antimicrobial therapy and lavage prior to referral;
the presence of another systemic disease or bone infection, involvement of multiple
synovial structures, pyrexia and etiology were included within the multivariable logistic
regression analysis with bacterial growth as outcome. Only prior lavage remained
significantly decreasing the odds of obtaining bacterial growth 2.7 times (P=0.037; 95%
CI 1.062-6.711).
Antimicrobial susceptibility data for a total of 140 isolates are summarized in table
2.9. Methicillin-resistant Staphylococcus aureus (MRSA) was isolated from SF culture
on three occasions, twice in 1998 and once in 2000. They originated from one foal and
two adult horses, the latter two being in the wound and the iatrogenic groups,
respectively. Of the remaining Staphylococcus aureus isolates, 24% were cephalosporin
resistant which is suggestive of MRSA; however, specific testing for MRSA was not
consistently performed at that time. The likelihood of isolating an organism from SF did
not change significantly over time (P=0.414).
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2.4.5

In-hospital treatments

Lavage of the synovial structures, including needle through-and-through lavage
under standing sedation or under general anesthesia, endoscopic lavage or both, was
performed in 89% (293/330) of the horses treated in the hospital (Tables 2.10a and b).
Seventy-three horses (73/293; 25%) received more than one type of lavage.
Intra-synovial treatment with antimicrobials was performed in 225/330 (68.2%) of
the horses (Table 2.11a and b). An indwelling intrasynovial constant rate infusion (CRI)
device for antimicrobial administration was used in 36/330 horses (10.9%) with an
average duration of 5 days (range 2-18 days). There was a 1.21 times increase in the odds
of receiving antimicrobials via regional limb perfusion when the horse presented one time
period (year) later (Table 2.6).
2.4.6

Outcome

Thirty-seven of the 367 horses (10%) received no treatment and were euthanized on
admission (Table 2.12). Twenty-eight of these 37 horses (76%) had been treated prior to
referral, with mean ± SD duration of clinical signs prior to referral of 15.3 ± 18.6 days
(range 0-100). The duration of clinical signs prior to presentation in horses that were
treated in hospital was significantly shorter (5.5 ± 9.2 days; range 0-60) (P=0.001).
Twenty-eight of these 37 horses (76%) had been toe-touching or non-weight bearing
lame on admission. Fifty-one percent (19/37) of horses euthanized on admission were
foals, of which 13 had multiple synovial structures involved and 15 foals had other
systemic disease.
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Ten horses were euthanized during hospitalization as sequel of causes not directly
related to the septic synovial structure. In six cases euthanasia was performed because of
gastrointestinal disease (cecal rupture n=3, intussusception n=1, and colitis n=2); one
horse had severe pneumonia; and three horses developed laminitis.
Of the 320 horses treated in hospital for septic synovitis, 84 (26.3%) horses were
euthanized as sequel of the septic process. In comparison, 84% (191/227) of all horses in
the W, I and ID groups were discharged, whereas only 48% (45/93) of horses in the
sepsis group were discharged (P=0.001; Tables 2.12a and b). When considering all
horses presented to the hospital, 35.7% (131/367) were euthanized, either on admission
or while hospitalized. No significant change in hospital outcome over the years could be
demonstrated for all horses, the sepsis group or the other three groups together (P=0.322,
P=0.994, and P=0.596, respectively).
Sixty-nine foals in the sepsis group were euthanized, and in 28 of these foals (41%)
euthanasia was reportedly directly attributed to the septic synovitis. Twenty foals were
euthanized because of the presence of osteomyelitis, and in the other 8 foals, multiple
joint involvement and subsequent poor prognosis was the reason for euthanasia. In the
remaining 41 foals, 39 foals had additional systemic disease and were unresponsive to
treatment, and/or a poor prognosis was reportedly the inciting cause for euthanasia. In
two foals the cause was not recorded.
Thirty-five percent (37/107) of horses with bacterial growth on culture were
euthanized despite treatment, compared to 21% (31/145) of horses without bacterial
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growth (P=0.022). Bacterial growth on culture did reduce the odds of a horse in the nonsepsis group being discharged from the hospital 3.8 times (P=0.004) (Table 2.14a).
Variables significantly associated with hospital discharge as outcome, as identified
by univariable logistic regression analysis are presented in table 2.13. The subsequent
tables (Tables 2.14a, b and c) demonstrate all variables included in the multivariable
logistic regression analysis models of hospital discharge as outcome. Table 2.15
demonstrates all variables included in the multivariable linear mixed models with
duration of hospitalization as outcome.
The variables type of medication injected, number of medications injected, surgery,
lavage, antimicrobial therapy and year were included within the multivariable logistic
regression analysis of the iatrogenic group with hospital discharge as outcome. Septic
synovitis secondary to intrasynovial injection of more than one medication was
associated with reduced odds of being discharged when compared to the intrasynovial
injection of just one medication (OR 0.15; P=0.033; 95% CI 0.027-11.236).
2.5

Discussion
The overall discharge rate from the hospital was 84% for treated horses in the three

non-sepsis groups, whereas it was 48% for animals in the sepsis group. Discharge rate
was not significantly associated with the duration of clinical signs prior to referral,
neither with the use of any of the local antimicrobial delivery techniques. Only lavage of
the synovial structure, more specifically endoscopic-assisted lavage, was associated with
an improved hospital outcome. In our population, there was no change in the likelihood
of a horse being discharged from the hospital over the study period, nor was there a
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change in the likelihood of isolating organisms from SF. The use of antimicrobial therapy
prior to sampling of SF for culture, either locally or systemic, was not associated with a
decreased likelihood of obtaining bacterial growth, whereas prior lavage was. Except for
those animals in the sepsis group, horses with bacterial growth on SF culture were less
likely to be discharged.
Short-term survival rates in our study were similar as reported in other studies; the
septic foals in our study were on the lower end of the ranges reported previously
[1,2,4,6,9,10]. A large number of foals treated in hospital had involvement of multiple
synovial structures (71%) and systemic disease (81%); factors that repeatedly were
shown to be prognostic indicators for non-survival [9,10,16]. In addition, the majority of
the foals in our population were either Standardbreds or Thoroughbreds and future
performance and economic value often is a determining factor in the decision making for
these foals, as they have yet to prove themselves. The various aspects associated with
septic synovitis in foals makes obtaining true attributable mortality rates challenging.
We did not find a significant change in the likelihood for a horse being discharged
over time, which may be the result of the large number of different factors involved in the
disorder. It could also be due to a bias for abnormal data being reported more frequently
than data that is within normal limits, which is an inherent limitation to retrospective
studies. By including only one referral institution however, we attempted to maintain
consistency in data collection and the results found may represent a true lack of
improvement. The limited association of the various treatment modalities with hospital
outcome may indicate that a treatment threshold is reached for horses with septic
synovitis and no further improvement in outcome can be expected.
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In human medicine, there has been little evidence that indicates an improved
outcome is seen with local versus systemic administration of antimicrobials [17].
Sufficiently high antimicrobial concentrations are achieved in SF after intravenous
administration, which is because of easy access, the most commonly used route in
humans [17]. Administration of antimicrobials locally results in high regional and low
systemic concentrations [2,18]. Consequently, many adverse systemic effects may be
avoided, and the use of lower doses of certain antimicrobials is economically more
feasible in large animals [2,4,6,7]. In this and other studies however, all horses that
received local antimicrobial therapy, also received systemic antimicrobials, which when
identical drugs are used, eliminates the protective effect of low systemic concentrations
[2,6]. It has also been suggested that diffusion of drugs parentally administered is
compromised because of localized decreased blood flow, and obstruction of the
synovium by fibrin as a result of the septic process [19]. Additionally, local tissue pH
may lead to inactivation of the antimicrobials [19]. Most of these factors are
circumvented with intrasynovial therapy, however not entirely with the use of regional
limb perfusion.
We were however not able to detect an association between hospital outcome and the
use of intrasynovial antimicrobial therapy, either intermittently or via a CRI device. It is
possible that the number of horses that received antimicrobials through a CRI device
(n=36) was too small to find a significant effect on hospital outcome. The studies
available on the use of continuous antimicrobial delivery systems in horses mainly
concern small retrospective case series, prohibiting direct comparison with clinical
patients not receiving continuous intrasynovial antimicrobial therapy [2, 18].
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In contrast to our findings, previous reports demonstrated that the use of regional
limb perfusion (RLP) with antimicrobials was associated with decreased likelihood of
survival [4,6]. It is most likely that this represents biases in case selection, whereby cases
with factors that inherently decreased the prognosis were more likely to have been treated
with RLP, rather than a direct negative effect of this treatment modality. The role of RLP
in treatment remains unclear, given our data along with previously published studies that
were limited based on small sample size (20 and 47 horses, respectively) and rudimentary
statistical analysis [4,6]. The use of RLP is often determined by the clinician’s
preference, the severity of the infection and the degree of cooperation of the patient, all of
which make the use of RLP biased and will influence hospital outcome.
As with all retrospective study, this study has several limitations. Medical records of
over 25 years ago were included in the data collection and in addition to the risk of
evaluation bias while examining the medical records, there is no way of knowing whether
the data are biased or complete. In addition, the presence of confounding factors may
have affected the results, which prohibits describing cause-effect relations. The study
however does give rise to new hypotheses, e.g. that it appears that local antimicrobial
delivery techniques do not have an effect on short-term outcome or that there was no
change in hospital outcome over the years, which can be further tested. Another
limitation was that only short-term outcome e.g. hospital discharge was evaluated and
possible changes in long-term outcome over the years was not evaluated. Prospective,
randomized controlled trials will need to be performed to obtain evidence regarding the
use of local antimicrobial delivery techniques for septic synovitis in horses [17,19]. A
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low number of cases, financial burden and ethical dilemma however make these studies
in horses difficult to perform.
Intrasynovial lavage increased the likelihood of a horse being discharged, which
emphasizes the importance of removal of harmful inflammatory mediators, bacteria,
bacterial enzymes and fibrin from the synovial structure. This was reinforced by the
finding that lavage of the synovial structure prior to sampling SF for culture decreased
the likelihood of obtaining bacterial growth. Endoscopic-guided lavage does further
allow for assessment of the extent of joint damage, and debris and adhesions can be
removed more efficiently. A decrease in hospitalization time over the years was noted,
however, lavage and the use of local antimicrobial delivery systems was associated with
an increase in hospitalization time. This has been recognized in other studies and is most
likely a reflection of the severity of the septic process, requiring more aggressive and
prolonged therapy in more severe cases [3,4].
Some studies demonstrated that a shorter duration of clinical signs prior to referral
was associated with a decrease in hospitalization time or improved outcome [3,6,20].
Early and aggressive treatment may prevent the establishment of an infection and avoid
the profound and frequently irreversible consequences of synovial sepsis. Others
however, were similar to our study not able to show a difference, which could be related
to a difference in host response, or pathogenicity of the organisms involved [4,7,11]. In
most of the studies, little data on the treatments applied prior to referral are presented,
which could have impeded the obtained results [3,4,6,20]. Another explanation may be
that the referring veterinarian is treating less severe infections for a longer period of time
before referring the case, whereas more extensive and destructive infections are noted
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and referred earlier. Interestingly however, horses euthanized on admission had been
treated significantly longer prior to referral than those that were admitted to the hospital
and received treatment. It is however not known whether this is related to the infection
being refractory, financial constraints of the owner or the development of complications,
which prohibits drawing any conclusions.
As has been reported in human medicine, we found that horses presented with septic
synovitis after intra-articular injections with corticosteroids had a significant delay in
onset of clinical signs compared to horses injected with any other medication [12]. This is
most likely a result of the strong immunosuppressive properties of corticosteroids.
Clinical signs also appeared significantly later when septic synovitis developed secondary
to surgery compared to an intra-articular injection. Contamination of a synovial structure
can occur several days after the surgery, during bandage changes, suture removal or when
healing of the incision sites is delayed and/or impaired [21]. The use of antimicrobials in
the immediate post-operative period can also delay the appearance of infection; however,
a previous study failed to demonstrate a significant effect of peri-operative antimicrobial
use on the prevalence of septic arthritis after arthroscopic surgery [21]. Finally, a lower
level of contamination could occur in surgery compared to during intrasynovial injection.
Remarkably, none of the horses in the iatrogenic group presented after intra-articular
injection of local anesthetics. The relative risk of injection of different substances cannot
be evaluated in a study such as this, since no data are available regarding horses that did
not develop an infection. Intra-articular injection of local anesthetics is a common
procedure in equine practice and it is reasonable to assume that large numbers of horses
in the referral population were treated in this manner. None of the horses presented with
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septic synovitis in our study however, had developed the infection secondary to an
injection with anesthetic agents. A possible explanation could be that anesthetic agents
result in a less strong inflammatory reaction, thereby maintaining normal the immune
status of the synovial structure. In an experimental study, the intra-articular use of
polysulfated glycosaminoglycans potentiated the development of septic synovitis,
whereas no effect was seen after the intra-articular use of methylprednisolone acetate or
hyaluronic acid [22]. In our study only 14 horses had been injected with polysulfated
glycosaminoglycans prior to developing septic synovitis and the prevalence of its use is
unknown, prohibiting us to draw any conclusions. Unfortunately, we did not know if
simultaneous injection of antimicrobials had been performed and could therefore not
evaluate a possible protecting effect. In addition, we are not aware of any study reporting
on the overall incidence of septic synovitis developing after intra-articular injections.
Likewise, the total proportion of horses developing septic synovitis after surgery is
unknown, but the proportion of horses presented to our hospital with septic synovitis
developed after arthroscopic surgery decreased significantly over the years. This trend
has been recognized in other studies; however, mildly affected horses, rapidly recovering
from an infection or horses not presented at our hospital could have been missed [1,4,7].
Improved aseptic technique; an increased awareness of the risk factors involved and
better post-operative care may also contribute to the decreased postoperative
intrasynovial infection rate over time.
In the literature, the reported number of SF samples with bacterial growth is highly
variable, and ranges from 32% to 75% [1,2,7]. Despite the introduction of enrichment
culture, no significant change in number of SF samples with bacterial growth on culture
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was observed over time. In our hospital, SF samples were not consistently directly placed
into blood culture media but sometimes transported in a sterile vacuum tube with a
maximum delay of up to 4 hours until inoculation of enrichment media. Direct
inoculation has shown to result in a higher success rate and this could have been a reason
for our less than ideal recovery rate [23]. Unfortunately, the total number of isolates with
antimicrobial susceptibility data available was too small to allow for assessment of any
change in antimicrobial resistance that might have developed over the years.
Bacterial growth on SF culture was associated with 3.8 times reduced odds of a horse
being discharged from the hospital, which has been recognized in other studies in both
humans and horses [8,24]. It appears logical to conclude that the more severe the
infection, the higher the chance of obtaining bacterial growth, but this is difficult to
assess in a retrospective study. Antimicrobial therapy, independent of the route of
administration, did not influence bacterial recovery. This has been previously recognized
in human medicine and eliminates the need for delaying antimicrobial therapy until the
sample for culture has been obtained [13].
In our population of horses hospital outcome was similar whether a joint or tendon
sheath/bursa was involved, but involvement of the latter was associated with an increase
in hospitalization time. More persistent infections, due to entrapment of debris and
organisms in the proliferative synovial membrane could prohibit complete clearance of
the structure during lavage. Tendon involvement due to enzymatic degradation of the
tendon fibers can further complicate treatment. Only one study has shown a difference in
outcome, with a better prognosis for infected tendon sheaths compared to joints [1]. An
explanation given was the absence of intra-articular cartilage, which in joints leads to
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irreversible damage, and adhesion formation between tendon and tendon sheath would
still allow the horse to bear weight and be pasture sound [1].
In conclusion, we were not able to demonstrate a change in likelihood of discharge
from the hospital of horses treated for septic synovitis over the years. None of the local
antimicrobial delivery techniques were significantly associated with hospital outcome,
and only lavage of the synovial structure was associated with an increased likelihood of
discharge from the hospital. Adult horses can be given a good prognosis, as over 80% of
treated horses are discharged from hospital, whereas prognosis for foals remains guarded
(less then 50%).
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2.6

Tables

Table 2.1

Horse characteristics by etiology of septic synovitis. Number of horses (percentage) for categorical variables;
mean age (SD, range) in months for continuous variable.
Sepsis
n=114 (31.1%)

Iatrogenic
n=101 (27.5%)

Wound
n=114 (31.1%)

Idiopathic
n=38 (10.3%)

All horses
n=367

0.8 mo (1.0, 0-5.5)

52.8 mo (36, 0228)

61.2 mo (51.6, 0228)

48 mo (54, 0-216)

38.4 mo (46.8, 0228)

Female

48

39

59

20

166 (45%)

Male

65

20

23

11

119 (32%)

Male castrated
Breed

1

42

32

7

82 (23%)

Standardbred

29

77

30

7

143 (39.0%)

Thoroughbred

58

14

29

20

121 (33.0%)

Warmblood

8

3

10

5

26 (7.1%)

American Quarter Horse

3

1

19

2

25 (6.8%)

Draft breed

10

3

1

2

16 (4.4%)

Arabian

1

0

6

1

8 (2.2%)

Mixed breed

3

2

13

1

19 (5.2%)

Other
Unknown

2
0

1
0

5
1

0
0

8 (2.2%)
1 (0.3%)

Mean age (SD, range)
Sex
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Table 2.2a

Type and location of primary synovial structure involved as percentage of horses by etiology, and
for all horses.
Sepsis

Iatrogenic

Wound

Idiopathic

All etiologies

98%1

99%1

72%2

87%2

89%

2%

1%

28%

13%

11%

Front limb

26%1

54.5%2

39.8%3

23.7%1,3

37.8%

Hind limb

74%

45.5%

60.2%

76.3%

62.1%

Unknown

0.9%

0%

0.9%

0%

0.5%

Joint

Tendon sheath/bursa

1,2,3

Etiology groups with different superscript in the same row are significantly (P<0.05) associated with a difference for the variable (logistic regression)
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Table 2.2b

Results of logistic regression analysis of etiology groups associated with a significant (P<0.05) difference in
frequency of tendon sheath or bursa involvement, and a significant difference in frequency of hind limb
involvement.

Tendon sheath/bursa

P-value
.001

Iatrogenic

38.46

.001

6.173

1000

Iatrogenic

14.81

.012

1.578

723.498

Sepsis

8.33

.022

1.293

91.302

Iatrogenic

3.44

.001

1.874

6.428

Wound

1.91

.033

1.049

3.521

Wound

Iatrogenic

1.80

.045

1.013

3.226

Idiopathic

Iatrogenic

3.82

.002

1.563

10.138

Wound

Idiopathic

Hind limb

95% Confidence interval
Min
Max
5.263
200

Odds Ratio
21.74

Sepsis

Sepsis
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Table 2.3

Distribution of total number of structures involved (n=531); per etiology group and all horses together,
(percentage of total number of structures involved).
Sepsis

Iatrogenic

Wound

Idiopathic

All horses

Digital flexor tendon sheath

1

0

21

2

24 (4.5%)

Tarsal sheath

0

0

5

2

7 (1.3%)

Navicular bursa

0

0

6

0

6 (1.1%)

Intertendinous calcaneal bursa

0

0

2

0

2 (0.4%)

Calcaneal bursa

0

0

1

1

2 (0.4%)

Carpal sheath

0

1

0

0

1 (0.2%)

Bicipital bursa

1

0

0

0

1 (0.2%)

Extensor tendon sheath

0

0

3

0

3 (0.6%)

Tarsocrural joint

85

35

31

14

165 (31.1%)

Fetlock joint

44

18

26

7

95 (17.9%)

Carpal joints

46

41

8

0

95 (17.9%)

Stifle joints

65

5

5

6

81 (15.3%)

Distal interphalangeal joint

3

8

8

3

22 (4.1%)

Proximal interphalangeal joint

0

0

7

0

7 (1.3%)

Shoulder joint

4

0

1

1

6 (1.1%)

Coxofemoral joint

3

0

0

2

5 (0.9%)

Distal tarsal joints

0

0

3

3

6 (1.1%)

Elbow joint

3

0

0

1

4 (0.8%)
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Table 2.4

Results of t-test of variables associated with a significant (P<0.05)
difference in time between injection/surgical intervention and first clinical
signs for the iatrogenic group. Mean (SD, range) for number of days.
Days until 1st clinical
signs

All horses

6.9 (7.1, 0-33)

Surgical intervention

13.5 (9.8, 4-33)

Medication injected

5.8 (6.1, 0-32)

Corticosteroids

7.2 (6.6, 1-31)

Non-corticosteroids

4.8 (5.0, 1-32)
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95% Confidence interval

P-value

Min

Max

NA

NA

NA

3.774

11.626

.001

0.144

4.656

.037

Table 2.5a

Characteristics of duration of clinical signs and treatment prior to referral, per etiology group and all horses together.
Mean (SD) in days for continuous variable and number of horses (percentage of the group) for categorical variables.
na

Sepsis

Iatrogenic

Wound

Idiopathic

All horses

Duration clinical signs prior to
referral (days)

344

4.5 (6.7)1

4.9 (6.0)1

7.4 (13.3)1

14.3 (18.0)2

6.5 (11.0)

Any treatment prior to referral

367

90/114 (78.9%)

87/101 (86.1%)

96/114 (84.2%)

33/38 (86.8%)

306/367 (83.4%)

Systemic antimicrobial
therapy

306

79/90 (87.8%)1

50/87 (57.5%)2

81/96 (84.4%)1

25/33 (75.8%)1,1

235/306 (76.8%)

Intrasynovial antimicrobial
therapy

306

12/90 (13.3%)1

34/87 (39.1%)2

6/96 (6.3%)1

4/33 (12.1%)1

56/306 (18.3%)

Systemic anti-inflammatory
therapy

306

46/90 (51.1%)1

70/87 (80.4%)2

81/96 (84.4%)2

21/33 (63.6%)

218/306 (71.2%)

Lavage synovial structure

306

4/90 (4.4%)1

28/78 (35.9%)2

13/96 (13.5%)3

1/33 (3%)1,3

46/306 (15.0%)

a

Number of horses with data recorded; 1,2,3Groups with different superscript in the same row are significantly (P<0.05) associated with a difference for the
variable (logistic regression or Kruskal-Wallis rank sum analyses)
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Table 2.5b

Results of Kruskal-Wallis rank sum, Tukey adjusted analysis of etiology groups associated with a significant (P<0.05)
difference in duration of clinical signs prior to referral. Results of logistic regression analysis of etiology groups
associated with a significant (P<0.05) difference in frequency of different treatments used prior to referral.

Duration clinical signs prior to referral

Systemic Aba

Intrasynovial Aba

Systemic AIb

Lavage

95% Confidence interval
Min
Max
NA
NA

Odds Ratio
NA

P-value
.001

Iatrogenic

NA

.018

NA

NA

Wound

NA

.002

NA

NA

Sepsis

Iatrogenic

2.29

.005

1.271

4.179

Wound

Iatrogenic

2.49

.002

1.375

4.571

Iatrogenic

Sepsis

4.28

.001

1.994

9.768

Wound

9.04

.001

3.506

27.780

Idiopathic

4.27

.008

1.361

17.857

Wound

0.28

.001

0.153

0.495

Iatrogenic

0.30

.001

0.164

0.547

Sepsis

10.44

.001

3.450

42.683

Idiopathic

14.08

.001

2.141

500

Wound

2.97

.004

1.376

6.687

Sepsis

3.52

.041

1.044

15.311

Idiopathic

Sepsis

Iatrogenic

Wound

Sepsis

a

Antimicrobial therapy; bAnti-inflammatory therapy
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Table 2.6

Results of logistic regression analysis of variables associated with a
difference for each year increase in time.
95% Confidence interval
Min
Max

ORa

P-value

Iatrogenic group
Hyaluronic Acid

1.10

1.012

1.190

.025

Surgery

0.88

0.794

0.985

.026

Duration clinical signs prior
to referral

NAb

NA

NA

.530

Lavage

NA

NA

NA

.057

Endoscopy

1.05

1.012

1.084

.007

Intra synovial Abc

1.12

1.075

1.166

.001

Intra synovial Abc CRId

1.06

1.004

1.122

.035

Abc regional limb perfusion

1.21

1.156

1.272

.001

Organism seen on cytology

NA

NA

NA

.169

Bacterial growth on culture

NA

NA

NA

.551

Hospitalization time

NA

NA

NA

.322

Hospital outcome

NA

NA

NA

.757

In hospital

Microbiology

Outcome

a

Odds Ratio; b Not applicable; cAntimicrobial therapy; dConstant rate infusion
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Table 2.7

Clinical pathology and microbiology results of horses with septic synovitis. Mean (SD, range) for continuous variables
and number of horses (percentage of treated horses) for categorical variables. Results of the Kruskal-Wallis rank sum,
Tukey adjusted analysis of continuous variables and logistic regression analysis of the binomial variables significantly
(P<0.05) associated with a difference between etiology groups.
na

Sepsis (S)

Iatrogenic (I)

Wound (W)

Idiopathic (ID)

All groups

P-value

152

15.7 (9.9, 1.854.4)1

10.3 (2.0, 6.214.1)2

9.8 (3.4, 4.415.3)2

14.4 (7.9, 7.642.9)

13.9 (8.5, 1.854.4)

S/I .009
S/W .006

Systemic neutrophil
concentration

152

11.9 (9.3, 0.249.7)1

6.9 (2.2, 311.1)2

5.7 (3.3, 0.912)2

10.3 (7.6, 5.138.1)

9.9 (8.1, 0.249.7)

S/I .035
S/W .001

SFc TNCCd

287

77.7 (84.3, 0.7522)1

41.8 (46.6, 0.1300)2

58.3 (59.4, 0.4305)

66.1 (72.4, 4.3365)

60.2 (68.1, 0.1522)

S/I .001

SF TPe

285

36 (11, 19-71)1

44 (10, 20-73)2

45 (13, 20-69)2

45 (10, 25-62)2

42 (12, 19-73)

S/I .001
S/W .001
S/ID .001

SF % neutrophils

278

89 (16, 1-100)

82 (24, 0-99)

87 (18, 1-100)

88 (13, 35-99)

86 (19, 1-100)

.221

Organism seen on
cytology

286

31/95 (32.6%)1

12/95 (12.6%)2,3

5/66 (7.6%)2

8/30 (26.7%)1,3

56/286 (19.6%)

S/I .002
S/W .001
W/ID .021

Bacterial growth on
culture

272

45/89 (50.6%)

36/82 (43.9%)

26/70 (37.1%)

16/31 (51.6%)

123/272
(45.2%)

.329

Systemic WBC
concentration

b

a

Number of horses with data recorded; bWhite blood cell (109/L); cSynovial fluid; dTotal nucleated cell count (109/L); eTotal protein (g/L); 1,2,3Groups with
different superscript in the same row are significantly (P<0.05) associated with a difference for the variable
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Table 2.8

Organisms isolated from synovial fluid for each group and all horses together. Number of isolates (% of total number
of organisms isolated).
Sepsis (n=49)

Iatrogenic (n=48)

Wound (n=30)

Idiopathic (n=13)

All groups (n=140)

Gram positives
Coag. Pos. Staphylococcus
Coag. Neg. Staphylococcus
Haem Streptococcus spp.
Enterococcus spp.
Bacillus spp.
Rhodococcus equi
Corynebacterium spp.

32 (65.3%)
10
9
9
1
1
1
1

25 (52.1%)
7
2
12
2
1
1
0

18 (60%)
5
4
5
2
1
1
0

7 (53.8%)
1
3
0
2
0
0
1

82 (58.6)
23
18
26
7
3
3
2

Gram negatives
Escherichia coli
Klebsiella spp.
Salmonella spp.
Enterobacter spp.
Morganella spp.
Proteus spp.

17 (34.7%)
5
2
1
1
0
0

22 (45.8%)
6
3
2
1
1
1

10 (33.3%)
3
0
1
1
0
0

6 (46.2%)
2
1
0
0
0
0

55 (39.3%)
16
6
4
3
1
1

Actinobacillus spp.
Pseudomonas spp.
Acinetobacter spp.
Citrobacter spp.
Pasteurella spp.

4
2
0
1
1

3
2
2
1
0

5
0
0
0
0

2
0
1
0
0

14
4
3
2
1

Anaerobes
Bacteroides spp.
Peptostreptococcus spp.

0
0
0

1 (2.1%)
0
1

2 (6.7%)
2
0

0
0
0

3 (2.1%)
2
1

5 (10.2%)

5 (10.4%)

2 (6.7%)

2 (15.4%)

14 (10%)

Mixed culture
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Table 2.9

Antimicrobial in vitro susceptibility data for bacterial isolates from synovial fluid cultures. Numbers refer to the
percentage of isolates classified as susceptible to the antimicrobial (number of isolates tested).
na

Amox/C
lav

Coag. Pos. Staphylococcus spp.

23

71 (7)

Coag. Neg. Staphylococcus
spp.

18

0 (1)

Haem Streptococcus spp.

26

100 (4)

Enterococcus spp.

7

100 (2)

Ami

Ampi

Cef

Chlor

Enro

Ery

Gen

Kan

Pen

Rif

Tet

TMS

Neo

95
(19)

50 (22)

81
(21)

95 (20)

100
(17)

84
(19)

65
(32)

50 (6)

48
(23)

82
(16)

77
(22)

64
(22)

75 (4)

82
(11)
74
(19)

75
(16)
92
(24)

76
(17)
58
(24)

60
(15)
87
(24)

92
(12)
94
(16)

81
(16)
39
(23)

81
(16)
75
(24)

43 (7)

43 (7)

0 (3)

14 (7)

0 (5)

50 (6)

43 (7)

100
(2)
100
(1)
100
(1)
75
(12)

100
(2)

0 (2)

0 (1)

50 (2)

50 (2)

0 (1)

100
(1)

93
(15)
21
(19)
14 (7)

60 (15)
87 (24)

76
(17)
100
(22)

92 (12)
95 (21)

14 (1)

0 (5)

43 (7)

17 (6)

100 (2)

100
(2)

100 (1)

100
(2)

0 (1)

0 (1)

0 (1)

100 (1)

0 (1)

Bacillus spp.

3

100
(1)

Rhodococcus equi

3

0 (1)

0 (1)

Corynebacterium spp.

2

0 (1)

0 (1)

Escherichia coli

16

100 (2)

91
(11)

33 (12)

Klebsiella spp.

6

100 (1)

80 (6)

0 (6)

Salmonella spp.

4

50 (4)

25 (4)

Enterobacter spp.

3

67 (3)

0 (3)

Morganella spp.

1

0

0

100

Proteus spp.

1

100

0

100

0

64 (11)

90
(10)

100
(10)

0 (4)

0 (4)

0 (3)

50 (2)

0 (3)

33 (3)

0 (1)

100 (3)

73
(11)
100
(4)
100
(3)

100
(1)
75
(12)
100
(5)
75
(4)
33
(3)

55 (11)
80 (5)
50 (4)
0 (2)

90
(10)
100
(5)
100
(4)
100
(3)

0 (2)
100
(1)
100
(1)
0 (11)

87 (8)
20 (5)

0 (1)
0 (1)

100
(1)
100
(1)

50 (2)

0 (11)

0 (3)

100
(1)
50
(12)

100 (1)
0 (7)
50 (2)

0 (1)
50
(12)

100
(2)
100
(3)

0 (5)

80 (6)

100
(1)

0 (5)

0 (3)

80 (6)

50 (6)

0 (4)

50 (4)

33 (3)

0 (3)

0 (4)

50 (4)

50 (4)

0 (3)

0 (3)

33 (3)

0 (3)

0

0

0

0

0

100

0

0

0

0

0

0

0

0

22 (9)

91
(11)

25 (8)

40 (5)

82
(11)

82
(11)

0 (4)

50 (4)

0 (4)

0 (1)

0 (4)

0 (4)

67 (3)

0 (3)

33 (3)

0 (3)

50 (2)

33 (3)

33 (3)

100
(2)

0 (1)

0 (1)

0 (1)

0 (1)

100

0

100

100
(10)
100
(4)

Actinobacillus spp.

14

Pseudomonas spp.

4

Acinetobacter spp.

3

Citrobacter spp.

2

0 (1)

0 (1)

100
(1)

0 (1)

100
(1)

0 (1)

0 (1)

Pasteurella spp.

1

100

0

0

100

100

100

100

a

0 (3)

50 (2)

100

0

0

0 (1)

50 (2)

Number of isolates; Amox/Clav-Amoxicillin/clavulanic acid; Ami-Amikacin; Ampi-Ampicillin; Cef-Ceftiofur; Chlor-Chloramphenicol; Enro-Enrofloxacin;
Ery-Erythromycin; Gen-Gentamycin; Kan-Kanamycin; Pen-Penicillin; Rif-Rifampin; Tet-Tetracycline; TMS-Trimethoprim sulfonamide; Neo-Neomycin
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Table 2.10a

Summary of in-hospital treatments other than antimicrobial therapy per etiology group and for all treated horses
together. Number of horses treated (% of horses treated); number of incidences for different lavage methods.
Sepsis (n=95)

Iatrogenic (n=97)

Wound (n=105)

Idiopathic (n=33)

All groups (n=330)

77/95 (81.1%)1

90/97 (92.8%)2

98/105 (93.3%)2

28/33 (84.9%)

293/330 (88.8%)

38/95 (40%)1

51/97 (52.6%)2

36/105 (34.3%)2

12/33 (36.4%)

137/330 (41.5%)

Lavage with needles under
general anesthesia

27/95 (28.4%)1

15/97 (15.5%)2

33/105 (31.4%)1

5/33 (15.2%)

80/330 (24.2%)

Endoscopy

26/95 (27.4%)1

60/97 (61.9%)

50/105 (47.6%)2

17/33 (51.5%)

153/330 (46.4%)

Arthrotomy

7/95 (7.4%)1

22/97(22.7%)2

26/105 (24.8%)2

11/33 (33.3%)2

66/330 (20%)

Drain placement

1/95 (1.1%)1

4/97 (4.1%)1,3

20/105 (19.1%)2

4/33 (12.1%)2,3

29/330 (8.8%)

90/95 (94.7%)

93/97 (95.9%)

103/105 (98%)

32/33 (97.0%)

318/330 (96.4%)

Lavage synovial structure

Standing lavage with
needles

Systemic anti-inflammatory
therapy
1,2,3

Groups with different superscript in the same row are significantly (P<0.05) associated with a difference for the variable
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Table 2.10b Results of logistic regression analysis of etiology groups associated with a significant (P<0.05) difference in frequency
of different treatment modalities used in-hospital (lavage and type of lavage of the synovial structure, arthrotomy and
drain placement).
95% Confidence interval
Min
Max
0.112
0.894

Odds Ratio
0.33

P-value
.026

Wound

0.31

.015

0.103

0.819

Iatrogenic

Sepsis

2.20

.029

1.079

4.575

Sepsis

Wound

0.38

.007

0.184

0.783

Sepsis

Iatrogenic

3.51

.007

1.366

9.872

Iatrogenic

Wound

0.29

.004

0.105

0.706

Arthroscopy

Sepsis

Wound

1.11

.028

0.208

0.925

Drain

Wound

Sepsis

22.15

.001

3.396

937.259

Iatrogenic

5.49

.014

0.001

0.295

Idiopathic

Sepsis

12.65

.031

1.192

645.028

Sepsis

Iatrogenic

0.27

.005

0.093

0.708

Wound

0.24

.001

0.084

0.616

Idiopathic

0.16

.001

0.047

0.518

Lavage

Sepsis

Standing lavage
a

Lavage under GA

Arthrotomy

Iatrogenic

a

General anesthesia
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Table 2.11a

Antimicrobial therapy in hospital per etiology group and all treated horses together. Number of horses treated
(percentage of all horses treated).

Sepsis (n=95)

Iatrogenic (n=97)

Wound (n=105)

Idiopathic (n=33)

All groups (n=330)

Systemic Aba

95/95 (100%)

93/97 (95.9%)

104/105 (100%)

33/33 (100%)

325/330 (98.5%)

Intrasynovial
Aba

70/95 (73.7%)1,2

81/97 (83.5%)1

54/105 (51.4%)3

20/33 (60.6%)2,3

225/330 (68.2%)

Intrasynovial
CRIb Aba

7/95 (7.4%)1

2/97 (2.1%)1

25/105 (23.8%)2

2/33 (6.1%)1

36/330 (10.9%)

Regional limb
perfusion Aba

13/95 (13.7%)1

28/97 (28.9%)2

55/105 (52.4%)3

11/33 (33.3%)2,3

107/330 (32.4%)

a

Antimicrobial therapy; bConstant rate infusion; 1,2,3Groups with different superscript in the same row are significantly (P<0.05) associated with a difference for
the variable
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Table 2.11b Results of logistic regression analysis of etiology groups associated with a significant (P<0.05) difference in frequency
of antimicrobial delivery modalities used in hospital (systemic, intrasynovial, constant rate infusion or regional limb
perfusion).

Intrasynovial Aba

Intrasynovial Aba CRIb

Regional limb perfusion Aba

a

95% Confidence interval
Min
Max
2.212
8.998

Odds Ratio
4.38

P-value
.001

Idiopathic

3.07

.021

1.167

8.065

Sepsis

Wound

2.58

.002

1.372

3.461

Wound

Sepsis

3.90

.002

1.535

11.288

Iatrogenic

14.69

.001

3.486

131.819

Idiopathic

0.21

.035

0.023

0.921

Wound

Iatrogenic

2.70

.001

1.456

5.074

Sepsis

Iatrogenic

0.39

.016

0.473

3.076

Wound

0.15

.001

0.066

0.302

Idiopathic

0.39

.031

0.114

0.907

Iatrogenic

Wound

Antimicrobial therapy; bConstant rate infusion
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Table 2.12a

Hospital outcome (discharge/euthanasia) and hospitalization time for each etiology group and all groups together.
Number of horses (percentage of the group) for categorical variables and mean (SD), and range for continuous variable.
Logistic regression analysis of the binomial variables significantly (P<0.05) associated with a difference between
etiology groups and Kruskal-Wallis rank sum, Tukey adjusted analysis of the continuous variable.
Sepsis

Iatrogenic

Wound

Idiopathic

19/114 (16.7%)1

4/101 (4.0%)2

9/114 (7.9%)

5/38 (13.2%)

Discharged

45/93 (48.4%)1

84/95 (88.4%)2

82/101 (81.2%)2

25/31 (80.6%)2

236/320 (73.8%)

Euthanized

48/93 (51.6%)

11/95 (11.6%)

19/101 (18.8%)

6/31 (19.4%)

84/320 (26.3%)

2

2

4

2

10

8.4 (SD 5.8)1
0-29

10.8 (SD 10.6)1
0-55

15.4 (SD 11.9)2
0-57

10.2 (SD 10.9)1
1-53

11.6 (SD 10.3)
0-57

Euthanized on
admission

All groups

37/367 (10.1%)

Treatment group

Euthanized for
reasons indirectly
related

Hospitalization time
(days)

1,2

Groups with different superscript in the same row are significantly (P<0.05) associated with a difference for the variable
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Table 2.12b Results of logistic regression analysis of euthanasia on admission and discharge from hospital associated with a
significant (P<0.05) difference in frequency between etiology groups. Results of Kruskal-Wallis rank sum, Tukey
adjusted analysis of hospitalization time between etiology groups.

Euthanized on admission

Sepsis

Iatrogenic

Hospital discharge

Sepsis

Iatrogenic

0.12

.001

0.053

0.272

Idiopathic

0.23

.003

0.070

0.637

Wound

0.22

.001

0.108

0.432

Sepsis

NA

.001

NA

NA

Iatrogenic

NA

.001

NA

NA

Idiopathic

NA

.004

NA

NA

Hospitalization time

Wound
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P-value
.004

95% Confidence interval
Min
Max
1.524
20.201

Odds Ratio
4.82

Table 2.13

Variables significantly (P<0.05) associated with horses (groups: S sepsis;
W wound; I iatrogenic; ID idiopathic) being discharged from the hospital,
as identified by univariable logistic regression analysis.
ORa

95% CIb

P-value

8.14

3.853-17.219

.001

4.60

2.418-8.763

.001

4.44

1.669-11.835

.003

Non-sepsis groups (I, W and ID)

5.66

3.296-9.717

.001

>1 synovial structure involved

0.14

0.075-0.253

.001

>1 synovial structure involved (S)

0.21

0.077-0.538

.001

>1 synovial structure involved (I, W and ID)

0.26

0.094-0.737

.011

Other systemic disease

0.21

0.117-0.376

.001

Other systemic disease (I, W and ID)

0.12

0.010-1.072

.029

Bone infection

0.20

0.105-0.367

.001

Bone infection (S)

0.36

0.140-0.899

.027

Bone infection (I, W and ID)

0.33

0.113-1.050

.031

Bacterial growth on culture

0.52

0.286-0.951

.033

Bacterial growth on culture (I, W, and ID)

0.29

0.107-0.737

.007

Organism seen on cytology

0.39

0.194-0.802

.009

Lavage in hospital

4.27

1.976-9.346

.001

Standing lavage

0.43

0.228-0.799

.007

Endoscopy

3.21

1.470-7.813

.002

Lavage in hospital (I, W and ID)

3.92

1.186-12.195

.024

Endoscopy

3.58

1.996-6.667

.001

Endoscopy (S)

6.17

1.923-23.810

.001

Sepsis

Refe

Iatrogenic1
Etiology
Wound

1

Idiopathic

1

a

Odds ratio; bConfidence interval 95%; cReference; dAntimicrobials; eRegional limb perfusion; 1Groups
with identical superscript are not significantly associated with a difference in hospital outcome
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Table 2.14a

All variables included in multivariable logistic regression analysis, with
horses (all groups) being discharged from the hospital as outcome.
ORa

95% CIb

P-value

Wound

Refc

Iatrogenic1

0.20

0.033-1.201

.078

Sepsis1

0.01

0.001-0.133

.001

Idiopathic1

0.13

0.019-0.925

.042

16.13

3.484-76.923

.001

Etiology

Non-sepsis group (Groups I, W and ID)
Duration clinical signs prior to referral

.069

Other systemic disease

4.95

1.06-23.26

.042

>1 synovial structure involved

0.08

0.025-0.254

.001

Lavage in hospital

7.35

1.550-34.483

.012

4.13

1.647-10.309

.002

Arthrotomy

0.23

0.066-0.787

.019

Bacterial growth on culture

0.26

0.100-0.655

.004

Endoscopy

a

Odds ratio; bConfidence interval 95%; cReference;1Groups with identical superscript are not significantly
associated with a difference in hospital outcome
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Table 2.14b All variables included in the multivariable logistic regression analysis,
with horses in the sepsis group being discharged from the hospital as
outcome.
ORa

95% CIb

P-value

>1 synovial structure involved

0.09

0.024-0.308

.001

Other systemic disease

6.02

1.360-27.027

.018

Bone infection

0.14

0.036-0.551

.005

Lavage in hospital

4.26

1.057-17.241

.042

5.13

0.953-27.778

.056

Endoscopy
a

Odds ratio; bConfidence interval 95%
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Table 2.14c

All variables included in the multivariable logistic regression analysis,
with horses in the groups I, W and ID being discharged from the hospital
as outcome.
ORa

95% CIb

P-value

>1 synovial structure involved

0.12

0.024-0.598

.010

Bacterial growth on culture

0.16

0.039-0.622

.008

Arthrotomy

0.11

0.026-0.496

.004

Lavage in hospital

15.38

1.221-200

.035

Intrasynovial Abc therapy
a

.073

Odds ratio; bConfidence interval 95%; cAntimicrobials
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Table 2.15a

All variables included in the multivariable linear mixed model analysis
with length of hospitalization for all groups as outcome.
Value

na

Hospitalization
(median)

Lower limit

Upper limit

Iatrogenic

95

8.2

6.3

10.7

Sepsis

93

6.4

5.0

8.1

Idiopathic

31

6.6

4.9

9.0

Wound

101

10.0

8.0

12.4

No

236

6.8

5.5

8.5

Etiology

Bone infection
Yes

84

8.6

6.8

10.8

No

145

6.3

5.1

7.8
.001

Yes

107

9.3

7.5

11.6

No

27

5.1

3.6

7.0

Yes

293

11.6

9.9

13.5

No

285

6.4

5.4

7.6

Lavage synovial
structure

.001

.012
Yes

35

9.2

6.7

12.5

No

213

7.0

5.7

8.6

Regional limb
perfusion Abb

.072
Yes
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8.3

6.6

10.6

Euthanasia

84

6.5

5.2

8.2

Hospital outcome

.003
Discharge

a

I/S .034
S/W .001
ID/W .007

.038

Bacterial growth

Intrasynovial Abb
CRIc

P-value

236

9.0

7.1

Number of horses with recorded data; bAntimicrobials; cConstant rate infusion

97

11.3

Table 2.15b All variables included in the multivariable linear mixed model analysis
with length of hospitalization for the sepsis group as outcome.
Value

na

Hospitalization
(median)

Lower limit

Upper limit

No

50

6.8

5.5

8.5

Bone infection

Lavage in
hospital

.034
Yes

43

8.6

6.8

11.0

No

16

5.1

3.6

7.0

Yes

77

11.6

9.9

13.5

Euthanasia

48

6.5

5.2

8.2

.001

Hospital
outcome

.001
Discharge

45

9.0

7.1

Year
a

P-value

11.2
.078

Number of horses with recorded data

98

Table 2.15c

All variables included in the multivariable linear mixed model analysis
with length of hospitalization for the groups W, ID and I as outcome.

Etiology

Value

na

Hospitalization
(median)

Lower limit

Upper limit

Iatrogenic

95

8.2

6.3

10.7

Idiopathic

31

6.6

4.9

9.0

Wound

101

10.0

8.0

12.4

No

102

6.3

5.1

7.9

Bacterial growth

Lavage synovial
structure

Intrasynovial Abb
CRIc

Regional limb
perfusion
a

P-value

ID/W .025

.001
Yes

73

9.3

7.5

11.6

No

16

5.1

3.6

7.0

Yes

211

11.6

9.9

13.5

No

198

6.4

5.4

7.6

.001

.003
Yes

29

9.2

6.8

12.5

No

135

7.0

5.7

8.6

Yes

92

8.3

6.6

10.6

.037

Number of horses with recorded data; bAntimicrobial therapy; cConstant rate infusion

Table 2.15d Association of the year and length of hospitalization for groups W, ID, and
I as identified by multivariable linear mixed model analysis, including the
variables in Table 2.15c.

Year

Slope

Standard error

P-value

-0.020

0.009

.027
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CHAPTER 3:

EVALUATION OF A BROAD RANGE REAL TIME PCR
ASSAY FOR THE DIAGNOSIS OF SEPTIC SYNOVITIS IN
HORSES.
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3.1

Abstract
The objective of this study was to evaluate a broad range real time PCR (RT PCR)

assay for the diagnosis of septic synovitis from synovial fluid (SF) samples of horses, and
compare its performance to currently available diagnostic methods. Forty-eight SF
samples from 36 horses with suspected septic synovitis were included. RT PCR and
microbial culture results, and the combination of both, were compared to agreement of
three observers on the sample being “septic” (based on history, clinical assessment, and
SF analysis). One additional RT PCR assay was performed on samples with discordant
results or identification of dissimilar organisms. Time intervals from sample collection to
RT PCR and microbial culture results were approximately 4 and 48 hrs, respectively.
Thirty-eight percent of SF samples had positive culture results, and 42% of SF samples
had positive RT PCR results. For 36 of 48 SF samples all three observers agreed on the
interpretation, assigning 27 samples as septic. Sensitivity and specificity for the RT PCR
assay relative to agreement of the observers were 87% and 72%, respectively, whereas
for culture they were 56% and 86%, respectively (P=0.001). The combination of culture
and RT PCR assay resulted in sensitivity and specificity of 85% and 81%, respectively. It
was concluded that the broad range RT PCR assay was more sensitive than culture and
allowed more rapid identification of horses with septic synovitis. Further refinement of
the RT PCR assay may improve use in a clinical setting.
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3.2

Introduction
Septic synovitis is a common and potentially life-threatening orthopedic condition in

horses that can be difficult and costly to treat. It is often associated with negative impacts
on athletic performance and even death (1,2). The combination of history, clinical signs
and synovial fluid (SF) analysis is routinely used for clinical diagnosis of septic synovitis.
A prompt and accurate diagnosis is crucial to initiate early treatment, as this can reduce
the likelihood of cartilage damage and other intrasynovial changes, improve the
likelihood of successful treatment, and minimize long-term effects.
The current “gold standard” for diagnosis of septic synovitis consists of a positive
bacterial culture from SF in a horse with clinical signs consistent with septic synovitis
(3). However, SF from up to 69% of clinical cases with suspected septic synovitis may
yield negative culture results, hampering diagnosis and therapeutic measures (1,2,4).
Culture of the synovial membrane, in addition to SF, increases the likelihood of detecting
a microorganism (5).. Gram staining of SF smears can also be performed, but the
sensitivity is low and false positives occur (1). Enrichment culture methods increase the
sensitivity of culture, but negative results are still common (6,7). Possible explanations
include the intrinsic bactericidal properties of SF, prior antimicrobial therapy having
eliminated live organisms, or the presence of only a very small number of organisms
(1,5,8). These limitations have fueled the search for a more sensitive test, which would
also detect bacteria after antimicrobial therapy has been installed.
Molecular (culture-independent) diagnostic techniques like polymerase chain
reaction (PCR) are based on the detection of bacterial DNA and are currently widely used
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in human diagnostic microbiology laboratories (9-14). Broad range (also named
universal) primers amplify specific 16S ribosomal-DNA (16S rDNA) regions that are
present in essentially all bacteria. The ‘broad range’ PCR assay has been used to test SF
and tissue samples from human patients with various forms of septic and non-septic
arthritis and has greatly improved detection rate, speed and accuracy of bacterial
identification (12,13). When using real time PCR (RT PCR) technology, amplification
and detection of DNA products via continuous fluorescence measurements are coupled in
a single reaction vessel. This process is typically more sensitive than conventional PCR,
easier to perform, reduces turn-around time and decreases risk of contamination because
less handling of samples is required (11,14).
In veterinary medicine, minimal data are available regarding the use of molecular
methods for the diagnosis of septic synovitis, and in horses, only conventional PCR
techniques with broad range primers have been described (15,16). An overall sensitivity
and specificity of 89% and 93%, respectively, was obtained when using a conventional
broad range PCR assay on 57 SF samples from horses clinically suspected of having
septic synovitis (16). While the data from both equine and human studies are
encouraging, a major limitation of most 16S rDNA PCR studies is failure to report
quality control aspects of assays, such as limit of detection and scrutiny of cut-off points
in the studies using real time technology (11,12,14). Evaluation of results is often
arbitrary, as accurate interpretation of a clinical sample being septic or not is inherently
limited by the absence of a true “gold standard”. Broad range PCR could detect bacterial
infections in the face of antimicrobial therapy and possibly also allow for monitoring of
bacterial clearance from the synovial cavity and guide antimicrobial therapy (17).
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The objective of this study was to compare a broad range RT PCR assay with
standard clinical, clinico-pathological and microbiological methods for diagnosis of
septic synovitis in horses.
3.3

Materials and methods

3.3.1

Animals

Horses with clinically suspected synovial infection admitted to the Veterinary
Teaching Hospital of the Ontario Veterinary College, University of Guelph and to Milton
Equine Hospital, were included in the study. Inclusion criteria comprised of history and
clinical signs leading to suspicion of septic synovitis, as determined by the attending
clinician. Samples obtained on admission from different synovial structures in the same
horse were included in the analysis; however, samples taken from the same structure at a
later date were excluded.
History and clinical data were gathered for each horse. SF from clinically normal
adult horses with no history of lameness or clinical signs of synovitis was used as
negative control in the RT PCR assays. These horses had been euthanized for reasons
other than musculoskeletal disorders and the SF samples had no growth on aerobic and
anaerobic culture.
3.3.2

Synovial fluid collection, cytological analysis and microbial culture

All clinical and control SF samples were collected in the same manner. Hair
overlying the joint/tendon sheath was clipped, and the skin was aseptically prepared with
4% chlorhexidine gluconate soap, followed by 70% isopropyl alcohol and a 0.5%
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chlorhexidine gluconate solution in 70% isopropyl alcohol. Sterile gloves were worn to
perform the synoviocentesis. A SF sample of a minimum of 1mL was collected into a
syringe by needle aspiration. In cases where less SF was obtained, a direct smear of the
SF was submitted for cytology. Aliquots for SF analysis and RT PCR were transferred
into separate EDTA tubes. SF for microbial culture was placed in sterile serum collection
tubes and in trypticase soy broth (TSB).
SF for cytological analysis, and microbial culture was delivered to the Animal Health
Laboratory (AHL) of the University of Guelph. Microbial culture was performed as
follows: blood agar plates were directly inoculated and incubated at 35°C for 48 hours
under both aerobic and anaerobic (80% nitrogen, 10% carbon dioxide and 10%
hydrogen) conditions. For enrichment, the inoculated TSB were incubated aerobically at
35°C for 72hrs and sub-cultured onto blood agar after 24, 48 and 72hrs, for further
incubation as described above. Bacterial isolates were subsequently identified by Gram
staining and conventional biochemical methods (18). SF samples for the RT PCR assay
were stored on ice until freezing at -20°C in 400μL aliquots within 24 hrs of collection.
3.3.3

Laboratory handling and automated DNA extraction

All laboratory handling involving RT PCR was performed in a biological safety
cabinet in a designated room. The cabinet was cleaned with 5% NaOH solution and
irradiated with 254nm UV light for 10min prior to use. Laboratory coats, disposable
gloves, and a dedicated set of pipettes were used. All plastic ware (e.g., reaction tubes,
filter tips) was sterilized prior to use and reagents were divided into aliquots to prevent
frequent handling.
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Prior to extraction, 100μL of 25mg/mL lysozyme (Lysozyme, Sigma-Aldrich, St.
Louis, MO) in sterile water were added to 400μL of SF. The mixture was vigorously
agitated and incubated in a heating bath at 37°C for 30 min. DNA was then extracted
using a robotic magnetic bead-based system (Maxwell 16 Instrument, Promega, Madison,
WI) and a DNA purification kit (Maxwell 16 DNA Purification Kit, Promega, Madison,
WI), in accordance with the manufacturer’s instructions.
3.3.4

Broad range RT PCR amplification

Broad range primers targeting nucleotides 750-769 and 964-979, located at the V5V6 region of the bacterial 16S rRNA gene were used, resulting in an amplicon length of
195bp (19,20). The forward and reverse primer sequences were: 5’-GGA TTA GAT
ACC CTG GTAGT-3’ and 5’-GGT AAG GTT CTT CGCG-3’, respectively (19,20).
The PCR mixture used consisted of 4 μL of Master mix (LightCycler FastStart DNA
MasterPlus SYBR green I, Roche Diagnostics, Laval, QC), 13.2 μL of DNA-free PCRgrade water, and 0.4 μM of each primer per reaction tube. Two μL of template DNA
extract was added to the reaction mixture, resulting in a final reaction volume of 20 μL.
Prior to RT PCR, the Master mix and DNA-free PCR-grade water were incubated with
deoxyribonuclease (2U/μL, DNAse I, Applied Biosystems, Foster City, CA), at 1 μL per
50 μL of Master mix/water. The mixture was placed in a heating block for 10 min at
37°C, then the deoxyribonuclease was inactivated by heating to 75°C for 30 min, and
cooled on ice prior to addition of the primers. RT PCR was performed in a LightCycler
(LightCycler 1.5 Instrument, Roche Diagnostics, Laval, QC) as follows: initial
denaturation at 95°C for 10 min, followed by 45 cycles of denaturation at 95°C for 5 sec,
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primer annealing at 57°C for 5 sec, and extension at 72°C for another 15 sec. A melting
cycle was performed prior to cooling down, which included heating to 95°C with a rate
of 0.2°C/sec.
The positive control consisted of 15 ng/μL of DNA extracted from a pure
Staphylococcus aureus culture suspended in normal equine synovial fluid (NSF). The
negative control consisted of NSF and both controls were handled in the same manner as
the clinical samples. Additionally, each RT PCR assay included a negative control
consisting of DNA-free PCR-grade water. Analysis and management of the RT PCR data
(Cycle threshold Ct and melting curves) were performed with the appropriate software
(LightCycler Software 3.3, Roche Diagnostics, Laval, QC).
Samples were considered positive if the threshold cycle crossed at least 2.0 cycles
before NSF within the same assay (determined by receiver operating characteristic
[ROC] curve analysis), and if the melting curve showed a single melting peak within the
temperature range of the primers. The expected melting temperature for the primers was
87.73°C ± 0.86 (mean ± SD), as based on 52 positive control samples consisting of
genomic bacterial DNA. By means of serial dilutions, the analytical sensitivity or limit of
detection (LOD) of the assay was determined to be 103 CFU/mL of starting concentration
for Staphylococcus aureus and Escherichia coli.
3.3.5

Sequence analysis of the products

PCR products were purified with a purification kit (QiaQuick Polymerase Chain
Reaction Purification Kit, QIAGEN Inc., Valencia, CA), and sequencing of the
amplicons was performed in both directions, with a commercial sequencer (ABI 3730xl
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automated DNA Analyzer, Applied Biosystems, Carlsbad, CA). Low quality sequences
were trimmed manually at the ends while evaluating the trace data with sequence viewer
software (4Peaks, Version 1.7.2, Mekentosj B.V, Aalsmeer, The Netherlands), making
sure to include only tall distinct peaks with little overlap. Sequences were evaluated using
BLAST (Basic Local Alignment Search Tool) from the National Center for
Biotechnology Information database, or software from the Ribosomal Database Project
(21). A percent identity score of ≥95 and ≥97 was used to classify an organism to genus
and species, respectively. Ultimate species identification was assigned when there was
>95% and >97% identity with bacterial genus and species, respectively, in the genomic
databases (22).
3.3.6

Agreement between culture and RT PCR

Assay agreement was defined as samples having identical RT PCR and culture
results, i.e. positive or negative, otherwise samples with conflicting results were
considered discordant. Agreement of organism was assessed by corresponding species
identification or identification at a higher taxonomic level between the organism cultured
and the organism obtained by sequencing of the product of a positive RT PCR assay. RT
PCR assays were repeated once on samples with discordant assay results or identification
of dissimilar organisms.
3.3.7

Statistical analysis

The data were compiled using an electronic database (Excel, Mac 2011, Microsoft
Corporation, Redmond, WA) and subsequently exported and re-formatted in STATA
10/MP (Stata Corp, College Station, TX) for analysis. The history, clinical data and SF
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analysis results were assessed by two ACVS-board certified surgeons (JBK and NCC)
and one ACVP-board certified clinical pathologist (DB). All three observers were blinded
to the culture and RT PCR results. The samples were categorized as septic or non-septic
by the observers and inter-observer agreement beyond chance between the three
observers was investigated using Cohen’s kappa-statistic and McNemar’s Chi-square test.
The degree of agreement was interpreted based on the following scale described by
Landis and Koch: < 0 poor; 0.01 - 0.20 slight; 0.21 - 0.40 fair; 0.41 - 0.60 moderate; 0.61
- 0.80 substantial and 0.81 - 1.00 almost perfect agreement (23).
The RT PCR results were measured on a continuous scale (i.e., number of cycles).
To establish the optimal cut-off value of the RT PCR assay, the cycle numbers were
compared with positive culture results and required agreement of all three observers to
interpret the sample as septic. Based on different threshold cycle cut-off values, a ROC
curve analysis was performed to determine the area under the curve (AUC) and the
optimal cycle cut-off value to maximize sensitivity and specificity of the RT PCR test by
plotting the results of the RT PCR test against 1-Specificity (24).
A Fisher’s exact test was used to compare the proportion of samples with bacterial
growth on culture in horses that had received antimicrobial therapy versus the proportion
of samples with bacterial growth on culture in horses without antimicrobial therapy.
Agreement beyond chance between the culture and RT PCR results was investigated
using Cohen’s kappa-statistic. Relative sensitivity and specificity of culture, RT PCR,
and the combination of culture and RT PCR were estimated, and compared with
agreement on sepsis of all three observers or only for the two surgeons. P-values < 0.05
were considered statistically significant.
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3.4

Results

3.4.1

Signalment and clinical data

A total of 48 SF samples were obtained from 36 horses. In 8 horses, 6 of which were
foals, SF samples were obtained from more than one synovial structure. Mean age ± SD
of horses was 3.1 ± 4.1 years, ranging from 1 day to 15 years old. Thoroughbreds (17/36;
47%) and Standardbreds (10/36; 28%) were most frequently represented, followed by
Warmbloods (3/36; 8.3%), American Quarter Horses (3/36; 8.3%) and horses of mixed
breed (3/36; 8.3%). Seventeen females (47%), 15 intact males (42%) and 4 geldings
(11%) were included.
The tarsocrural joint was most frequently involved (23/48; 48%), followed by the
fetlock joint (10/48; 21%), carpal joints (7/48; 15%), and stifle joints (4/48; 8%). Tendon
sheath involvement was rare (4/48; 8%) with two digital flexor tendon sheaths, one carpal
and one tarsal sheath being affected. Twenty-one of the 36 horses (58%) had received
antimicrobial therapy prior to sample collection, 8 horses had not received any
antimicrobial therapy, and in 7 cases the history of antimicrobial drug use was unknown.
Route of antimicrobial delivery was not consistently reported. Four of the 10 foals that
presented with sepsis were recumbent, and the remaining 6 foals exhibited lameness at a
walk. In two of the 26 adult horses, degree of lameness was not reported. Twenty of the
remaining 24 adults (83%) exhibited lameness at a walk. In all but three records, the
presence of synovial effusion was recorded.
Gross appearance of the SF was considered abnormal in 43 out of 48 samples, with
an increase in turbidity (87%) and decrease in viscosity (75%) being the most frequently
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reported anomalies. The mean ± SD total nucleated cell count of the SF samples was 45.3
± 44.9 x 109 cells/L, whereas mean ± SD total protein was 39 ± 38 g/L. Less than 1 mL of
SF was obtained in 4 samples, and a direct smear of SF was sent to the laboratory for
differential analysis. All samples were evaluated cytological; 26 had greater than 80%
neutrophils, and degenerative changes were identified in 16 samples. In nine of the 48
cytology slides evaluated (20%), intra-cellular bacteria were observed.
Based on clinical data and cytological analysis, all three observers agreed in the
interpretation of 36 out of 48 SF samples (75%); 27 samples were interpreted as septic
and 9 as non-septic. There was moderate to substantial inter-observer agreement beyond
chance for all pair-wise combinations of raters (range κ=0.44-0.78), and when all three
observers were considered together (κ=0.59, Table I). Agreement on the samples being
septic by the two surgeons only turned out to be identical to agreement on sepsis by all
three observers.
3.4.2

Microbial culture results

Eighteen of the 48 SF samples (38%) yielded bacterial growth on culture, of which
one with mixed growth. Seven of these (39%) grew organisms only after culture
enrichment. Organisms cultured from SF samples consisted of Actinobacillus equuli
(n=6), Staphylococcus aureus (n=5), coagulase negative Staphylococcus sp. (n=2),
Salmonella Hadar (n=1), Enterobacter cloacae (n=1), Enterobacter agglomerans (n=1),
Enterococcus sp. (n=1), Pseudomonas aeruginosa (n=1), and Streptococcus
zooepidemicus (n=1). Bacteria were isolated from 7/28 SF samples (25%) from 21 horses
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known to have received antimicrobial therapy prior to sample collection compared to
5/13 (46%) that had not been treated (P=0.055).
3.4.3

RT PCR assay results

Except for the additional deoxyribonuclease step, the RT PCR methodology used in
this study was adopted from a previous assay (19,20). Because of day-to-day variability
in RT PCR parameters of the negative control samples, only intra-run comparisons
between clinical samples and negative controls were performed. ROC curve analysis
revealed an optimal Ct cut-off of 2.0 cycles between clinical samples and normal SF
samples. The AUC was 0.86, consistent with moderate accuracy (Figure I). Microbial
culture and RT PCR results are demonstrated in table II. Time needed between sample
collection and obtaining results from the RT PCR assay was approximately 4 hours.
3.4.4

Agreement between culture and RT PCR results

Using the Ct cut-off of 2 cycles, a 75% (36/48) agreement between results from
culture and RT PCR assay was identified, which represented moderate agreement beyond
chance between the two assays (κ= 0.45, SE=0.14, P= 0.0007). A second RT PCR assay
was performed in the remaining 12 samples with discordant assay results, and results
subsequently increased agreement to 85% (41/48). Four of the seven remaining
discordant results did not have bacterial growth on culture, but their RT PCR assay
results were positive. Three of these samples were from the same horse and an additional
sample from this horse yielded mixed growth (Staphylococcus aureus and an
Acinetobacter sp.) on culture, and was positive with the RT PCR assay. The fourth
sample, which was bacterial culture negative and RT PCR assay positive twice, belonged
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to a septic foal with multiple joints involved and had been assigned as “septic” by the
observers.
Three samples with bacterial growth on culture remained negative by the RT PCR
assay. The observers had interpreted two as non-septic, of which one had grown a
coagulase negative Staphylococcus sp. after enrichment. The third sample, designated as
septic, had a total nucleated cell count (TNCC) of 70.4 x109 cells/L and Streptococcus
zooepidemicus was isolated.
Relative sensitivity and specificity for RT PCR compared to agreement of the
observers was 87% and 72%, respectively (Table III). Moreover, the sensitivity and
specificity of culture and RT PCR results were combined relatively to the agreement of
the observers were estimated 85% and 81%, respectively.
3.4.5

Species identification

Of 18 culture positive samples, nine samples had a similar organism at species or
genus level identified after sequencing of the RT PCR product. Repetition of the
sequencing assay resulted in three more samples identified concordant with culture,
resulting in 67% (12/18) SF samples that had similar organisms identified by culture and
RT PCR. The remaining five sequences were considered to be erroneous, as the amplicon
obtained showed no sequence similarity with any of those in the databases.
3.5

Discussion
Compared to the currently available diagnostic tests for septic synovitis in horses, the

broad range RT PCR assay performed well in detecting septic synovitis from SF samples
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in this population of horses. Addition of the RT PCR assay resulted in a large increase in
relative sensitivity (56-85%), with minimal impact on specificity (86-81%). The minimal
turn-around time for RT PCR (i.e. 4 hrs) was shorter than for culture, which required a
minimum of 24-48 hrs.
Despite the use of enrichment culture, bacteria were only isolated from 38% of
samples, which is within the range of 31%-76% reported in some previous studies
(1,2,4,16). Longer transportation times for samples received from another referral
hospital or antimicrobial therapy administered prior to collection of the samples could
have also contributed to the lower bacterial culture yield observed, since over 55% of
horses had received such therapy. Interestingly, both in humans and horses, studies have
shown that prior antimicrobial therapy did not influence the chance of obtaining bacterial
growth (2,25). In this study, there was not a significant impact of antimicrobials on
culture outcome; however, the P value (0.055) and relatively small sample size suggest
that further study of the impact of antimicrobial therapy on SF culture in horses is
required.
The lack of a true “gold standard“ for diagnosis of septic synovitis limits accurate
interpretation of a SF sample as septic or not. Bacterial culture is considered the “gold
standard” for diagnosing septic synovitis in the majority of published literature (3).
Frequently, no growth is obtained from bacterial culture but the clinician still makes the
diagnosis of septic synovitis based on clinical data and SF analysis results. We compared
both culture and the RT PCR assay results to the same standard (observers’ agreement),
allowing us to make a true comparison between the two different tests. Only one clinical
study has described the use of a conventional broad range PCR for detection of bacterial
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DNA in SF samples (16). That study reported a higher sensitivity and specificity than the
present study, but all horses included were considered to be septic, which might be an
over-interpreted status since there was lack of a true “gold standard”. Also, DNA
extraction and purification were performed overnight, and subsequent amplicon analysis
is required, increasing the time needed to obtain assay results (16).
The analytical sensitivity of our assay was in the same range as in previous studies
evaluating contamination of human platelet concentrates by means of a 16S rDNA RT
PCR assay, where an LOD of 102-103 CFU/mL was reported (26,27). However, it is
unknown what concentration of bacteria is clinically relevant. As a result, it is also
unknown what sensitivity is desirable for a test to detect bacteria in SF samples of horses
with suspected septic synovitis.
One major disadvantage of 16S PCR is the high risk of obtaining false-positive
results due to contamination during collection of the sample or execution of the assay. To
minimize contamination, strict aseptic techniques were used for sample collection.
Sample handling in the laboratory was performed in a dedicated PCR room, inside a
biological safety cabinet. In a human study, skin biopsy was performed prior to SF
sampling in order decrease the risk of contamination with skin bacteria; however, this is
impractical in a clinical setting in horses (28). Contamination of PCR reagents like Taq
DNA polymerase with recombinant bacterial proteins or DNA is also a major problem
when using broad range primers (29). In this study, the RT PCR Master mix was pretreated with deoxyribonuclease to decrease the amount of “background” DNA.
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The increased risk of detecting background DNA due to high analytical sensitivity of
real time technology compared to conventional PCR most likely contributed to the lower
specificity in this study (12,16). Additionally, SYBR Green, a non-specific fluorescent
dye was used as detection agent in the RT PCR assay. SYBR Green binds to any doublestranded DNA, potentially decreasing specificity of the assay (30). SYBR Green is used
frequently due to low cost and ease of assay development. Nevertheless, a probe-based
assay may be more appropriate when working with broad range 16S primers (30).
Thirteen percent of samples (4/30) were deemed to yield false negative results by
culture compared to the RT PCR assay, which is similar to the proportion identified in
another study (12). All four of these RT PCR assay samples were identified as septic by
all three observers, and we believe lack of sensitivity of bacterial culture was responsible
for the discordant results. On the contrary, two of three “false negative” RT PCR assay
samples (positive for culture) had been interpreted by the observers as non-septic. One of
these had yielded a coagulase negative Staphylococcus sp. after enrichment, which was
most likely a skin contaminant (1,31). We suspect contamination occurred during culture
sample handling, as the RT PCR assay did not detect any bacterial DNA. One “false
negative” RT PCR assay sample was designated as septic by all observers. The TNCC of
this sample was 70.4x109 cells/L of which 95% were degenerate neutrophils and
intracellular bacteria observed on cytology. We therefore suspect this was a truly false
negative RT PCR result, which could have been related to inadequate DNA extraction,
the small volume used for the RT PCR assay or a sample handling error.
Sequencing of RT PCR amplicons from positive samples did not always yield
quality data for organism identification. Potential explanations could be the presence of
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multiple species (contaminants or etiologic organisms) or low-copy-number sequences
(14). Difficulty with bacterial identification using 16S rRNA gene sequencing has
previously been described (32,33). Without obtaining genus identification, it is
challenging and probably impossible to determine whether these samples are true or false
positives. Sensitivity and specificity of the assay were therefore based strictly on
qualitative data, and samples were diagnosed either as infected or non-infected based on a
minimum of two-cycle difference between the clinical sample and negative control.
A limitation of PCR is that a positive result only indicates the presence of bacterial
DNA, inherently resulting in a lack of antimicrobial susceptibility data. It is also
unknown if the DNA is from a living pathogen, which challenges the clinical relevance
of a PCR positive result. On the other hand, this could be an advantage when patients
have received antimicrobial therapy prior to sample collection and live organisms cannot
be obtained from the sample. The use of 16S rRNA reverse transcriptase PCR assay
could be promising, as it detects the more labile mRNA, which is suggestive of live
organisms (34). Clearance of bacterial DNA from the synovial cavity could be monitored,
and the appropriate time for change or discontinuation of antimicrobial therapy could be
determined (17). This could possibly decrease costs, limit potential antimicrobial-related
diarrhea, and prevent the development of antimicrobial resistance when unnecessary
treatment is installed or continued after resolution of infection.
Further standardized research addressing the risk of contamination and analyzing
amplicon sequences is needed prior to clinical application of the assay. The main
advantage of the use of broad range RT- PCR for diagnosis of septic synovitis is that it is
a rapid diagnostic tests with a higher sensitivity than bacterial culture and the assay can
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be followed by a more specific bacteriological culture, which also provides the equine
clinician with antimicrobial susceptibility data.
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3.6

Tables

Table 3.1

Cohen’s kappa and McNemar values for agreement between three observers on the diagnosis of septic or non-septic
synovitis status of 48 SF samples with corresponding 95% confidence intervals.
Kappa

95% CI

P-value

McNemar's χ2

Prob > χ2

Clinical Pathologist and Surgeon 1

0.57

0.30-0.83

0.0001

5.44

0.02

Clinical Pathologist and Surgeon 2

0.44

0.17-0.70

0.0006

5.33

0.02

Surgeon 1 and Surgeon 2

0.78

0.50-1.0

0.0001

0.20

0.65

All three observers

0.59

0.0001

χ2 Chi Square test, CI Confidence Interval
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Table 3.2

Results of microbial culture and 16S RT PCR of synovial fluid samples
for the detection of septic synovitis in horses. Number of SF samples
(number of SF samples after repeat RT PCR).

Culture
RT PCR

Positive

Negative

Positive

13 (15)

7 (4)

20 (19)

Negative

5 (3)

23 (26)

28 (29)

18

30

48
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Table 3.3

Test performance of RT PCR assay relative to observers’ assessment (clinical diagnosis) and bacteriological culture as
“gold” standard for diagnosing septic synovitis.
PPVa

NPVb

Sensitivity

Specificity

Culture results vs clinical diagnosis

56%

86%

83%

60%

0.007

RT PCR results vs clinical diagnosis

87%

72%

74%

86%

0.001

Culture and RT PCR results combined vs clinical diagnosis

85%

81%

85%

81%

0.008

RT PCR results vs culture results

61%

84%

78%

70%

0.001

a

PPV-Positive predictive value; bNPV-Negative predictive value
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P-value

3.7

Figures

Figure 3.1

Receiver Operating Characteristics (ROC) curve analysis. Broad range RT
PCR assay’ cycle threshold values versus bacterial growth on culture and
agreement of all three observers on the sample being septic.
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3.8 Addendum Chapter 3
Optimization of a 16S rRNA gene real time PCR protocol for the detection of
bacterial DNA in equine synovial fluid
This addendum reports on the optimization of a broad range real time PCR (RT
PCR) assay to achieve the following objectives: (i) to evaluate the effect of EDTA from
the sample collection tubes; (ii) to evaluate the effect of incubation for different times
with lysozyme; (iii) to evaluate the effect of pre-treatment of PCR components with
DNAse; (iv) to determine the analytical sensitivity (limit of detection [LOD]) of the assay
for serial dilutions of actual bacteria; (v) to determine assay efficiency and linear
dynamic range by means of standard curves generated from serial dilutions of bacterial
genomic DNA; (vi) to determine the length of assay products by agarose gel
electrophoresis; and (vii) to identify bacterial organisms by sequencing of the amplicons.
3.8.1

Materials and methods

3.8.1.2

Sample collection, and microbial culture

Equine synovial fluid (SF) was aseptically collected from six adult horses that were
clinically normal and had no history of lameness. Samples were placed in sterile serum
and EDTA blood tubes and processed for DNA isolation within 24 hours. One aliquot
(approximately 1 mL) was directly placed in a sterile serum tube and transferred to
Trypticase Soy Broth medium (TSB) for bacterial enrichment. In addition, blood agar
plates were inoculated with 10μL of SF and incubated for 48 hours; both under aerobic
(ambient air, at 35°C) and anaerobic (80% Nitrogen, 10% Carbon dioxide and 10%
Hydrogen) conditions. Inoculated TSB was incubated aerobically at 350C for 24 and 48
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hours, and subsequently incubated aerobically on blood agar plates. Samples were only
used if growth was absent after aerobic and anaerobic incubation.
3.8.1.3

Bacterial lysis and reagent treatments

Prior to DNA extraction, an incubation step with 100μL of 25mg/mL lysozyme in
PCR-grade water was added to 400μL of each bacterial dilution. The mixture was
vigorously agitated and incubated in a heating bath at 37°C for a duration of either 30
minutes or 2 hours. After lysozyme incubation, DNA was extracted using a robotic
magnetic bead-based system (Maxwell 16; Promega, Madison, WI) and purification kit
(Maxwell 16 DNA Purification Kit; Promega, Madison, WI).
To reduce exogenous bacterial DNA in reagents, master mix and water, these were
incubated with deoxyribonuclease (DNAse I, 2U/μL, Applied Biosystems, Foster City,
CA), at 2U per 50 μL of mastermix/water volume. The mixture was placed in a heating
block for 10 min at 37°C, then the DNAse was inactivated at 75°C for 30 min.
3.8.1.4

RT PCR assay

Real time PCR was performed using a LightCycler (LightCycler 1.5 Instrument,
Roche Diagnostics, Laval, QC). The RT PCR mixture consisted of 4 μL of master mix
(FastStart DNA MasterPlus SYBR green I, Roche Diagnostics, Laval, QC), 13.2 μL of
PCR-grade water, and 0.4 μM of each primer (table 4.1).1-4 Two μL of template DNA
was added to the reaction mixture, resulting in a final reaction volume of 20 μL. RT PCR
was carried out with 95°C for 10 min, followed by 45 cycles of 95°C for 5 sec, 55, 57 or
60°C (depending on the primers used) for 5 sec, and 72°C for 15 sec. Melting cycle was
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performed prior to cooling down, during which the PCR products were incubated for 15
sec at 40°C, and the temperature then increased to 95°C at a rate of 0.2°C/sec.
3.8.1.5

Control samples

Positive controls included in both the extraction and RT PCR assay consisted of 15
ng/μL DNA originating from pure S. aureus and E. coli cultures inoculated into normal
synovial fluid (NSF). Negative controls consisted of non-inoculated NSF, also included
in extraction and RT PCR assay. A sample lacking DNA template was included in each
RT PCR assay. Amplified reaction mixtures were fractionated electrophoretically at
100V for 45min in a 1% agarose gel stained with 5% ethidium bromide and visually
inspected on a UV transilluminator for bands of DNA of the appropriate size. The
threshold cycle cut-off value to distinguish a positive result from the negative controls
was determined based on the mean cycle threshold value (Ct) minus two standard
deviations (SDs) of 20 NSF samples. For those samples crossing after 41 cycles, cycle
number 41 was arbitrarily assigned when calculating the mean and SD. The expected
melting temperature profile of primers CE-F and CE-R was established based on 52
positive control samples (20x E. coli, 32x S. aureus) obtained from a total of 15 different
runs.
In the final protocol used for validation of the assay, and for the clinical study, the
primers and RT PCR conditions according to Kobayashi and colleagues (and as described
above) were used, with the following modifications: Incubation of SF samples for 30
minutes with lysozyme (25mg/mL) prior to automated extraction; incubation of the
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mastermix with DNAse at 2U per 50 μL of mixture, for 10 min at 37°C, followed by
heating to 75°C for 30 min prior to adding primers and template sample.3,4
3.8.1.6

RT PCR validation

To determine the LOD of the assay, ten fold serial dilutions of S. aureus and E. coli
culture in water and in NSF were used, in concentrations of 10 to 104 CFU/mL. Actual
bacterial concentrations were determined by means of colony counts. To determine broad
range RT PCR efficiency, and linear dynamic range, serial amplification curves were
generated from genomic bacterial (S. aureus and E. coli) DNA in water and NSF. DNA
concentrations were determined by spectrophotometry and ten-fold serial dilutions of
genomic DNA (50, 5, 0.5, 5x10-2, 5x10-3, 5x10-4 ng/μL) in water and NSF were prepared.
Triplicate amplification yielded six data points for standard curve generation.
Amplification efficiency was determined from the y intercept and slope of the log-linear
portion of the standard curve with the following formula: E=10 (-1/-slope) -1.
Amplicons were purified (QiaQuick Polymerase Chain Reaction Purification Kit),
and sequenced. Electropherograms were visually inspected with sequence viewer
software (4Peaks, Version 1.7.2, Mekentosj B.V, Aalsmeer, The Netherlands) and ends
were trimmed to include only tall distinct peaks and unambiguous base calls. Edited
sequences were evaluated using BLAST (Basic Local Alignment Search Tool) from the
National Center for Biotechnology Information database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome).
Identifications were assigned based on review of percent alignment, query coverage and
E value. Sequences were identified to the lowest taxonomic order as possible.
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3.8.2

Results

3.8.2.1

Effect of lysozyme, EDTA and DNAse

As apparent from tables 4.2 and 4.3, threshold cycles were reached earlier in samples
containing EDTA (two-sided, paired t-test: P=0.047). When subjectively evaluating the
difference in duration of lysozyme incubation times, no difference in yield was apparent
between 30 minute or 2 hour lysozyme incubation (two-sided, paired t-test: P=0.959)
(Table 4.4). Tables 4.5 and 4.6 illustrate that pretreatment with DNAse resulted in higher
Ct values, which could reflect decreased impact of contaminants in the negative control
samples (two-sided, paired t-test: P=0.001). However, the concurrent increase in Ct
values for positive controls (two-sided, paired t-test: P=0.055) suggested that there may
have been broader inhibition of the assay, with decreased sensitivity.
3.8.2.2

Control samples

The mean Ct value of 20 negative control samples was 39.50 (SD 3.0). A sample
was therefore considered positive when the Ct value was more than 2SD lower, i.e. below
33.50. By agarose gel electrophoresis, bands were apparent at the appropriate size of the
primers in those samples and (Figure 4.1). Melting curve analysis resulted in a melting
temperature (Tm) of 87.80 ± 0.78 °C with a CV of 0.97% for primers CE-F and CE-R,
which resulted in 2 of 20 negative control samples considered RT PCR positive (Table
4.7).
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3.8.2.3

Assay validation

Tables 4.8 and 4.9 show that with the Ct cut-off value of 33.50 for NSF, the LOD
was 103 CFU/mL of S. aureus and 102 CFU/mL for E. coli (Figure 4.2 and 4.3). Taking
dilutions into account, this corresponded to 1.6 and 0.16 CFU per RT PCR volume for S.
aureus and E. coli, respectively Threshold cycle data obtained for determination of the
assays’ efficiency are reported in table 4.10, with the resulting amplification efficiency,
correlation coefficient and linear dynamic ranges reported in the table 4.11. The
amplification and standard curves for both S. aureus and E. coli in NSF are shown in
figures 4.4 and 4.5. Sequencing results of both the negative and positive control samples
are shown in Table 4.12.
3.8.3

Discussion

We have developed a broad range RT PCR protocol with a relatively high analytical
sensitivity, and minimal variability across replicates. Amplification efficiency was lower
than desired, and evaluation of samples within each run was needed to circumvent the
variation seen between assays.
Amplification of samples collected into EDTA tubes yielded lower Ct values than
samples collected into sterile serum tubes. This might imply that EDTA tubes contain
bacterial DNA or DNA fragments, which would be consistent with marketing as ‘sterile’
and not ‘DNA free’. All samples (including positive and negative controls) were
collected into EDTA tubes, which likely limited the impact of this apparent
contamination. The potential for inter-tube variation in the degree of contamination was
concerning since this would be difficult to control. Pre-incubation with lysozyme, an
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enzyme that hydrolyzes the peptidoglycan layer of gram-positive bacteria, for 2 hours
instead of 30 minutes appeared not to improve DNA amplification, hence 30 minutes was
used to optimize turnaround time.
Pre-treatment of reagents with DNAse proved to be extremely helpful to reduce false
positive results from contamination of reagents. Inhibitory effects, however, were noted
in positive controls, most likely due to insufficient heat-inactivation of DNAse with
subsequent decreased efficiency of Taq polymerase. Heat denaturation at 75°C for 5
minutes was reported to be sufficient to completely inactivate DNAse and we followed
this protocol.5 Despite an apparent mild decrease in analytical sensitivity, we elected to
continue using DNAse because we considered the benefit to outweigh small decreases in
efficiency. A relatively high variation in Ct values observed between runs, which
necessitated evaluating samples within each run.
We identified 1000 and 100 CFU/mL as the LOD for S. aureus and E. coli
respectively. These concentrations translated to 1.3 CFU and 0.1 CFU per PCR reaction
tube for S. aureus and E. coli, respectively. The lower LOD for S. aureus could reflect
incomplete lysis of the gram-positive bacterium’s peptidoglycan layer; however, no
improvement in sensitivity with longer incubation times with lysozyme was seen.
Differences in the number of 16S rRNA gene copies within the bacterial genome of E.
coli (7) and S. aureus (5) could also have contributed to the difference in analytical
sensitivity, but would not be expected to account for the degree of difference that was
noted here.
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Amplification efficiency was lower than desired, as >90% is considered ideal.
However, the efficiency was consistent and independent of the starting template copy
numbers.6 Few studies report efficiency data for studies using universal primers, but it
has been suggested that the target sequence can be an important factor resulting in
different efficiencies between universal and specific assays.7 RT PCR assays using
SYBRGreen usually had lower efficiencies, which could be explained by the presence of
the intercalating dye, which may have an inhibitory effect.8 Methods that were used to
reduce the risk of contamination may have reduced efficiency. Other explanations for
limited efficiency could be inhibitors of Taq polymerase activity or formation of products
with secondary structures. Efficiency was slightly lower for serial DNA dilutions
extracted from spiked NSF compared to those obtained from spiked water. This could
indicate the presence of PCR inhibitors in equine SF, which were not completely
removed by the extraction method. Another possible explanation could be the presence of
remaining gram-positive bacterial cell wall fragments after DNA extraction, which might
inhibit PCR, or that the variable regions in the products assembled from the 16S gene of
S. aureus are more prone to developing secondary structures (and thereby inhibit PCR).
Contamination-associated complications were minimized by working in a separate
PCR-dedicated room, using only sterile equipment and meticulous handling skills, and by
pre-treating the reagents with DNAse. Nevertheless, an intra-run comparison between the
experimental samples and the negative control samples was needed to eliminate assay-toassay variability. Performance of the established protocol was considered sufficient for
application in a clinical study.
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In conclusion, this broad range RT PCR assay showed promising results, however,
could be optimized to a greater extent with regard to pre-analytical and analytical
parameters.
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3.8.4

Tables addendum

Table 3.8.4.1

Characteristics of the universal primers that were evaluated in this study.

Reference

Cai et al., 20031

Jordan & Durso,
2005

2

Kobayashi et al.,
2006, 2008

3,4

Primers

Base pair
location

Sequence (5’-3’)

F: BSF 8/20

AGA GTT TGA TCC TGG CTC AG

8-27

R: BSR 534/18

ATT ACC GCG GCT GCT GGC

F: RW 01

AAC TGG AGG AAG GTG GGG AT

1170-1189

R: BSR 1541

AGG AGG TGA TCC AAC CGC A

1523-1541

F: CE-F

GGA TTA GAT ACC CTG GTAGT

750-769

R: CE-R

GGT AAG GTT CTT CGC G

964-979

517-534
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Annealing
Temp (°C)

Amplicon
length (bp)

Region 16S rRNA
gene

55

507

V1-V3

60

380

V7-V9

57

195

V5-6

Table 3.8.4.2

Cycle threshold values of normal synovial fluid collected into
tubes with and without EDTA and amplified with universal
bacterial primers.3,4

Run

NSFa

NSF with EDTA

1

37.59

32.43

2

32.86

33.29

3

37.84

36.87

4

41.00

36.82

5

35.9

35.85

6

>41

>41

7

35.27

32.82

8

35.79

34.23

Mean Ct ± SD;
CVb

37.16 ± 2.64
CV 7.1%c

35.41 ± 2.67
CV 7.5%

a

Normal synovial fluid; bCycle threshold value ± standard deviation, SD; ccoefficient of
variation (CV%)
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Table 3.8.4.3

Cycle threshold values of S. aureus diluted into in normal synovial
fluid with and without EDTA and amplified with universal
bacterial primers.3,4

a

S. aureus

NSFa

NSF with EDTA

10 CFUb/mL

>41

>41

102 CFU/mL

>41

38.21

103 CFU/mL

>41

38.78

104 CFU/mL

35.21

33.6

Normal synovial fluid; bColony forming units

137

Table 3.8.4.4

Cycle threshold values of S. aureus and E. coli pretreated with
lysozyme for different times and amplified with universal bacterial
primers.3,4

S. aureus 103 CFU/mL

30min Lysozyme

2hrs Lysozyme

31.46

31.93

31.22

32.15

32.96

30.70

29.52

28.64

29.26

31.2

3

E. coli 10 CFU/mL
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Table 3.8.4.5

Cycle threshold values of DNAse-treated and -untreated S. aureus diluted into normal synovial fluid and
amplified with different universal bacterial primers.
Primers
BSR 534-18; BSF 8-20a

a

RW01; BSR1541b

CE-R; CE-Fc

Untreated

DNAse

Untreated

DNAse

Untreated

DNAse

S. aureus 10 CFUd/mL

29.87

>41

29.58

>41

33.6

>41

S. aureus 10^2 CFU/mL

30.1

>41

28.97

>41

33.05

>41

S. aureus 10^3 CFU/mL

30.08

>41

28.84

34.06

31.93

>41

S. aureus 10^4 CFU/mL

28.19

35.21

26.66

30.92

29.94

36.59

Cai et al., 20031; b Jordan & Durso, 20052; cKobayashi et al., 2006, 20083,4; dColony forming units
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Table 3.8.4.6 Cycle threshold values of DNAse-treated and -untreated S. aureus and E.
coli diluted into water or normal synovial fluid and amplified with
universal bacterial primers.3,4 Each row represents one run.
No DNAse

DNAse

31.29

36.11

34.54

>41

37.2

>41

35.29

>41

32.64

>41

34.64

>41

20.04

19.8

21.69

25.12

29.94

36.59

31.93

36.36

31.93

36.36

39.18

35.53

10.1

11.5

Water

NSF

S. aureus 104 CFU/mL

S. aureus 103 CFU/mL

E. coli 104 CFU/mL
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Table 3.8.4.7

Cycle threshold values and melting curve characteristics of 20
normal synovial fluid samples amplified with universal bacterial
primers.3,4

Run
1
2

3
4

5
6
7

8
9
10
11

12

19
20
a

NSF Cta

Peak melting curveb

Tmc

>41

Y

85.81

>41

N

NAd

>41

N

NA

38.28e

Y

86.92

>41

Y

86.96

>41

Y

77.03

31.02e

Y

88.93

>41

N

NA

>41

N

NA

>41

N

NA

>41

N

NA

>41

N

NA

>41

N

NA

31.66

N

NA

36.77

Y

87.44f

37.25

Y

87.1f

>41

Y

61.52

>41

N

NA

>41

N

NA

>41

N

b

c

NA
d

Cycle threshold value; Single peak in the melting curve (Y/N); Melting temperature; Not applicable;
NSF with Ct<41 but melting peak outside expected Tm range, 87.80 ± 0.78 °C fNSF with Ct<41 and
melting peak within expected Tm range
e
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Table 3.8.4.8

a

Analytical sensitivity. Cycle threshold values ± standard deviations
(coefficient of variations) of S. aureus and E. coli serially diluted
and in triplicate amplified with universal bacterial primers.3,4
S. aureus

E. coli

10 CFUa/mL

33.58 ± 0.0 (0%)

32.75 ± 0.8 (2.4%)b

102 CFU/mL

33.34 ± 0.3 (0.9%)b

32.11 ± 0.6 (1.7%)b

103 CFU/mL

31.90 ± 1.1 (3.6%)b

28.87 ± 0.2 (0.8%)b

104 CFU/mL

29.69 ± 0.5 (1.6%)b

25.52 ± 0.3 (1.3%)b

Colony forming units; bDetectable concentrations with Ct < 33.50 (mean Ct of 20 NSF samples -2xSD)
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Table 3.8.4.9

Cycle threshold values of S. aureus and E. coli serially diluted and amplified with universal bacterial primers.3,4
10 CFUa/mL

102 CFU/mL

103 CFU/mL

104 CFU/mL

NSFb

Water

33.6

33.05

31.93c

29.94c

32.64

35.29

33.56

33.63

31.22c

29.04c

32.44

34.89

34.67

35.16

30.7c

32.25c

33.68

35.96

36.75

36.76

31.83c

30.1c

34.64

36.57

32.98

31.55c

28.64c

25.85c

32.64

35.29

33.55

32.27c

29.11c

25.18c

32.64

35.29

S. aureus

E. coli

a

Colony forming units; bNormal synovial fluid; cDetectable concentrations with cycle threshold value (Ct) < Ct NSF
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Table 3.8.4.10

a

Cycle threshold values ± standard deviations (coefficient of variation) of serially diluted S. aureus and E. coli
genomic DNA in PCR-grade water and normal synovial fluid, amplified in triplicate with universal bacterial
primers.3,4
S. aureus in water

E. coli in water

S. aureus in NSFa

E. coli in NSFa

50 ng/μL

15.22 ± 3.12 (20.5%)b

12.35 ± 0.41 (3.3%)

13.76 ± 0.13 (0.9%)

14.33 ± 0.56 (3.9%)

5 ng/μL

17.80 ± 0.55 (3.1%)

16.57 ± 0.42 (2.5%)

17.77 ± 0.24 (1.3%)

18.53 ± 0.21 (1.1%)

5x10-1 ng/μL

22.06 ± 0.22 (1.0%)

20.50 ± 0.19 (0.9%)

22.79 ± 0.07 (0.3%)

23.21 ± 0.17 (0.7%)

5x10-2 ng/μL

27.77 ± 0.23 (0.8%)

24.74 ± 0.15 (0.6%)

27.74 ± 0.17 (0.6%)

28.02 ± 0.26 (0.9%)

5x10-3 ng/μL

31.89 ± 0.54 (1.7%)

29.11 ± 0.16 (0.5%)

33.22 ± 0.43 (1.3%)

32.67 ± 0.32 (1.0%)

5x10-4 ng/μL

36.11 ± 0.21 (0.6%)

33.33 ± 0.20 (0.6%)

38.09 ± 0.21 (0.6%)

36.98 ± 0.32 (0.9%)

Normal synovial fluid; bSuspected outlier
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Table 3.8.4.11

S. aureus in water

E. coli in water

S. aureus in NSFa

E. coli in NSF

PCR efficiency

0.69

0.73

0.60

0.65

y intercept

21.65

19.41

21.69

21.66

Slope

-4.35

-4.19

-4.90

-4.56

r2

0.980

1.00

0.998

0.999

5x10-4- 5 ng/μL

5x10-4- 50 ng/μL

5x10-4- 5 ng/μL

5x10-4- 50 ng/μL

Linear dynamic range
a

Amplification parameters of S. aureus and E. coli diluted in water and normal synovial fluid, amplified with
universal bacterial primers, and as extrapolated from standard curves in figures 4.3 to 4.6 and based on data
from table 4.11.3,4

Normal synovial fluid
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Table 3.8.4.12

Sequence identity of control samples yielding positive results from
amplification with universal bacterial primers.3,4

Sample

Amplicon sequence
Organism

Identity

Coverage

Staphylococcus aureus

Staphylococcus sp.

100%

100%

Staphylococcus aureus

Staphylococcus sp.

100%

100%

Staphylococcus aureus

Staphylococcus aureus

97%

100%

Staphylococcus aureus

Staphylococcus aureus

81%

71%

Staphylococcus aureus

Staphylococcus sp.

79%

73%

Staphylococcus aureus

Campylobacter sp.

89%

96%

Escherichia coli

Enterobactericeae

99%

99%

100%

100%

NSFa

NSSb

NSF

NSS

NSF

NSS

NSF

NSS

NSF

NSS

NSF

NSS

NSF

NSS

NSF

Vibrio spp.

PCR grade water

NSS

PCR grade water

NSS

PCR grade water

NSS

a

Normal synovial fluid; bNo significant sequence similarity in GenBank using BLAST database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome) or in Ribosomal Database
Project (RDP) (http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp)
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3.8.5

Figures addendum
Image of agarose gel of amplicons from negative and positive control samples separated by electrophoresis.3,4

Figure 3.8.5.1

100bp ladder

Water

S. aureus

NSF

NSF

NSF

NSF
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NSF

Figure 3.8.5.2

Amplification curves of S. aureus serially diluted in normal synovial fluid (10 CFU/mL to 104 CFU/mL).3,4
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Figure 3.8.5.3

Amplification curves of S. aureus serially diluted in normal synovial fluid and EDTA (10 CFU/mL to 104
CFU/mL).3,4
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Figure 3.8.5.4a

Amplification curves of S. aureus DNA serially diluted in normal synovial fluid.3,4
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Figure 3.8.5.4b

Standard curve S. aureus in synovial fluid serially diluted in
normal synovial fluid.3,4
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y = -4.5857x + 21.663
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CHAPTER 4:
4.1

GENERAL DISCUSSION
General conclusions

The goal of this research was to investigate new developments in the diagnosis of
septic synovitis, and to evaluate a potential effect of treatment on short-term prognosis of
horses with septic synovitis.
In chapter 1 of this thesis a retrospective study was performed to evaluate whether
short-term outcome in horses with septic synovitis has improved over time. We learned
that discharge rates in our study were similar to previously reported studies and no
significant change in short-term outcome over the years was detected. Recording of
incomplete or biased data are inherent limitations to a retrospective study, and may have
influenced our results. Additionally, confounding factors were not accounted for. Further
contributing to apparent lack of improved outcomes in horses with septic synovitis might
be that only small differences have evolved, detection of which would require assessment
of a larger number of cases. Development of more resistant bacterial organisms, and
therefore more recalcitrant infections, over the past decades might also have contributed
to apparent lack of improved outcomes. Failure to detect a significant difference might
also reflect a genuine lack of progress due to achievement of optimal treatment. Possibly,
veterinarians are treating more cases at the farm and consequently a greater number of
difficult cases are included in our population.
Secondly, we evaluated whether rapid referral to a specialist institution, use of
endoscopic surgery and regional antimicrobial delivery techniques were associated with
an improved discharge rate from the hospital and with a decrease in hospitalization time.
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The duration of clinical signs prior to referral was not significantly associated with
short-term hospital outcome, which could question the need for a more rapid diagnostic
test. Early diagnosis might, however, avoid unnecessary costs, as appropriate treatment
could be instituted more rapidly and the development of complications could be
minimized. Additionally, the duration of treatment and diagnostic tests performed prior to
presentation were not accounted for in this study, making it challenging to conclude that
the duration of the disease process is unrelated to outcome.
Lavage of a synovial structure in general, and endoscopic-assisted lavage relative to
other lavage methods was associated with an increased discharge rate from the hospital.
In particular in septic foals, the perceived improvement after endoscopic-assisted lavage
may warrant further investigation. None of the novel local antimicrobial delivery
methods evaluated in the retrospective study were associated with an improved outcome,
or with a decrease in hospitalization time. These results are concerning, as the goals of
novel treatment modalities are to increase success of bacterial eradication and reducing
treatment duration. It appears that the only advantage of using newer local antimicrobial
therapies might be the decreased dose of antimicrobial needed, which in turn may reduce
detrimental side effects. Nevertheless, in our study local antimicrobial delivery was often
used in conjunction with systemic antimicrobial therapy, which would eliminate this
beneficial effect. Data on long-term outcome and subsequent performance were not
collected for horses in this study, but analysis of such data might have revealed
differential outcomes.
An interesting finding was that positive culture results were obtained as frequently
from animals with as without antimicrobial therapy, which is contrary to postulated
161

effects. Similar microbiological yield after antimicrobial therapy could be the result of
overgrowing organisms, resistant to the often empirically installed treatment. The dose
and duration of antimicrobial therapy was also not recorded, and antimicrobial levels
reached could have been suboptimal. Removal of bacteria, neutrophils and inflammatory
mediators is likely more important, as lavage of the synovial structure was associated
with a reduced chance of isolating organisms from SF, and also was associated with an
improved hospital outcome.
In chapter 2 of this thesis we designed a study to test our hypothesis that broad range
real time PCR (RT PCR) for detection of bacterial DNA in SF of horses has high
sensitivity and is therefore suitable for rapid diagnosis of septic synovitis.
The first objective was to develop, optimize and validate a broad range RT PCR
assay for the detection of bacterial DNA in equine SF. A previously established protocol
was adapted to include automated DNA extraction, and addition of decontamination of
the PCR reagents. The protocol was validated by establishing the limit of detection
(LOD) and reaction efficiency.
Our assay had rather low reaction efficiency, as ideal reaction efficiencies are greater
than 90%. Only few studies using universal primers report efficiency, which is often
lower compared to more specifically targeted assays. It has been reported that leukocytes,
and the viscous, complex macromolecular ionic mixture of SF, may inhibit DNA
extraction or PCR. During development of the RT PCR technique for this study, the
efficiency was higher when bacterial genomic DNA was extracted from PCR-grade water
then from SF, supporting the presence of inhibitory components in SF. In an attempt to
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address this limitation, an automated DNA extraction and purification technique was
applied. However, reaction efficiency remained low, indicating that further investigation
and optimization are warranted. The LOD was similar to that reported in other studies.
Similar to other studies, we found that limitations of the assay included necessity of
strict aseptic protocols and dedicated PCR rooms to prevent contamination, and to
optimize analytical sensitivity of the assay. In addition, pre-treatment of the PCR reagents
with deoxyribonuclease minimized the influence of reagent contamination on the assay.
Because of PCR sensitivity and the broad range aspect of this assay, contamination is
likely to remain a concern with16S PCR. However, septic synovitis is a very serious
condition, and the financial and emotional costs of false negative results are significantly
higher than those associated with false positive results. The potential benefits of the assay
as ancillary test to already available diagnostic assays may warrant the risk of a false
positive result.
Another major limitation we encountered was great variability in cycle threshold
values between assays, even when performed on the same day and using the same batch
of reagents. This leads to inconsistent results within a laboratory, and precludes
comparison of results from different laboratories. The presence of PCR inhibitors and
contamination could have contributed to this variability, but additional research and
further optimization of the assay are needed.
The second objective of this study was to compare the performance of the broad
range RT PCR assay with clinical signs, results of bacterial culture, and cytological
features of SF, in horses with clinically suspected septic synovitis. At this moment, no
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true gold standard is available for the diagnosis of septic synovitis in horses, which
complicates comparison of RT PCR assay results with the true prevalence of septic
synovitis.
We showed that the broad range RT PCR assay performed adequate for detection of
bacterial DNA in equine SF. Both sensitivity and specificity increased when using the
assay in combination with SF culture results. Sequencing of PCR products failed to
consistently identify organisms correctly, which has also been described by others, and
warrants further optimization of DNA purification and sequencing techniques. It is
possible that use of only 16S primers was insufficient to consistently obtain correct
identification at the species level. More species specific primers may need to be used in
addition to 16S primers, in particular when a mixed infection may be present.
The broad range RT PCR assay in this research could be further developed, and
additional experiments could have been performed prior to installment of the assay for
the clinical study. Time constraints and adequate performance of the established protocol
led us to implement the RT PCR assay for the clinical study in its current design.
However, it is recognized that further optimization of the assay, in particular concerning
efficiency and sequencing, is required.
Ideally, for a PCR assay to be added as a routine diagnostic test for the diagnosis of
septic synovitis in horses, it should be simple to perform, yield results within a short
period of time, be highly sensitive and specific, and indicate which microorganism is
present. Current 16S RT PCR technology puts a large demand on facilities and time, and
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future research should focus on simplifying test conditions and decreasing the time to
results. The assay has shown promise, but protocols need to be optimized.
At present, the broad range PCR assay does not replace conventional microbiologic
methods, but it does offer a rapid and valuable complement for the diagnosis of septic
synovitis in horses. It may be particularly helpful in horses without bacterial growth on
SF culture. The additional cost of the new diagnostic test may eventually outweigh the
cost of treating horses where the diagnosis of infection initially was missed.
4.2

Future studies

The more novel treatment modalities we investigated in the retrospective study would
benefit from greater scrutiny concerning their true effect on hospital discharge and longterm patient health. Randomized controlled trials or prospective case-control studies
investigating one specific treatment modality at a time would likely yield the strongest
possible evidence.
Further investigation and optimization of the broad range RT PCR assay is needed
before it can be recommended for routine clinical use in horses suspected of septic
synovitis. Such efforts could include:
1. Evaluation of the process of bacterial clearance and elimination of residual DNA
from dead bacteria from SF in horses with septic synovitis after initiation of antimicrobial
therapy through consecutive sampling and analysis of SF in experimentally induced
septic synovitis.
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2. Determination of the likelihood and clinical significance of detection of bacterial
DNA in SF of normal horses, horses with non-septic arthritis and horses with
osteochondrosis.
3. Use of broad range reverse-transcription RT PCR to distinguish transcriptionally
active or live bacteria from bacterial genomic DNA.
4. Use of specific broad range primers to allow differentiation between Grampositive and Gram-negative organisms.

166

CHAPTER 5:

MASTER REFERENCE LIST

Archer DC, Clegg PD, Edwards GB. Septic tenosynovitis of the tarsal sheath of an
Arab gelding and suspected sepsis of the lateral digital flexor tendon subsequent to
bacterial peritonitis. Vet Rec 2004;155(16):485–489
Bertone AL, (1996). “Infectious arthritis.” In: McIlwraith CW, and Trotter GW
(1996). Joint disease in the horse. Philadelphia, W.B. Saunders Company:397-409
Bertone AL, Davis M, Cox HU. Arthrotomy versus arthroscopy and partial
synovectomy for treatment of experimentally induced septic arthritis in horses. Am J Vet
Res 1992;53:585-529
Bertone AL, McIlwraith CW, Jones RL. Comparison of various treatments for
experimentally induced infectious arthritis. Am J Vet Res 1987;48;519-529
Bertone, A. Infectious Tenosynovitis. Vet Clin North Am Eq Pract 1995;11(2):163–
176
Bjerkan G, Witsø E, Nor A, Viset T, Løseth K, Lydersen S, Persen L, Bergh K. A
comprehensive microbiological evaluation in fifty-four patients undergoing revision
surgery due to prosthetic joint loosening. J Med Microbiol 2011; Epub ahead of print
Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R,
Nolan T, Pfaffl MW, Shipley GL, Vandesompele J, Wittwer CT. The MIQE Guidelines:
Minimum Information for Publication of Quantitative Real-Time Experiments. Clin
Chem 2009;55(4):611-622

167

Bustin SA, Benes V, Nolan T, Pfaffl MW. Quantitative real-time RT PCR--a
perspective. J Mol Endocrinol 2005;34:597-601
Bustin, SA (2004). “Quantification of nucleic acids by PCR.” In: A-Z of Quantitative
PCR. IUL Biotechnology series, La Jolla: 3-46
Cai H, Archambault M, Prescott JF. 16S ribosomal RNA sequence-based
identification of veterinary clinical bacteria. J Vet Diagn Invest 2003;15(5):465–469
Caron (2011). “Osteoarthritis.” In: Ross MW, Dyson SJ (2011). Lameness in the
horse. Elsevier, St.Louis:655-668
Carter SD, May C, Barnes A, Bennett D. Borrelia burgdorferi infection in UK
horses. Equine Vet J 1994;26(3);187-90
Chakravorty S, Helb D, Burday M, Connell N, Alland D. A detailed analysis of 16S
ribosomal RNA gene segments for the diagnosis of pathogenic bacteria. J Microbiol
Meth 2007;69(2):330-339
Chan CC, Murphy H, Munroe GA. Treatment of chronic digital septic tenosynovitis
in 12 horses by modified open annular ligament desmotomy and passive open drainage.
Vet Rec 2000;147(14):388–393
Chang W, Chiu N, Chi H, Li W, Huang F. Comparison of characteristics of culturenegative versus culture-positive septic arthritis in children. J Microbiol Immunol Infect
2005;38:189-193

168

Cheng JC, Huang CL, Lin CC, Chen CC, Chang YC, Chang SS, Tseng CP. Rapid
detection and identification of clinically important bacteria by high-resolution melting
analysis after broad-range ribosomal RNA real-time PCR. Clin Chem 2006;52(11):
1997–2004
Clarke M, Roberts C, Lee P. Polymerase chain reaction can detect bacterial DNA in
aseptically loose total hip arthroplasties. Clin Orthop Rel Res 2004;427:132-137
Clarridge JE. Impact of 16S rRNA gene sequence analysis for identification of
bacteria on clinical microbiology and infectious diseases. Clin Microbiol Rev
2004;17(4):840-862
Cockerill FR, Uhl JR (2002). “Applications and challenges of Real-Time PCR for
the Clinical Microbiology Laboratory.” In: Reischl U, Wittwer C, Cockerill FR (2002).
Rapid Cycle Real-Time PCR, Methods and Applications. Heidelberg, Springer-Verlag:327
Cohen ND. Causes of and farm management factors associated with disease and
death in foals. J Am Vet Med Assoc 1994;204;1644-1651
Cole JR, Wang Q, Cardenas E, Fish J, Chai B, Farris RJ, Kulam-Syed-Mohideen AS,
McGarrell DM, Marsh T, Garrity GM, Tiedje JM. The Ribosomal Database Project:
improved alignments and new tools for rRNA analysis. Nucleic Acids Res 2009;37:141145.

169

Corless CE, Guiver M, Borrow R, Edwards-Jones V, Kaczmarski EB, Fox AJ.
Contamination and sensitivity issues with a real-time universal 16S rRNA PCR. J Clin
Microbiol 2000;38(5):1747–1752
Cowan ST, Steel KJ. Bacterial characters and characterization. In: Barrow GI,
Feltham RKA, eds. Manual for the identification of Medical Bacteria. Cambridge, United
Kingdom: Cambridge University Press, 2004;21-45.
Crabill M, Cohen N, Martin L, et al: Detection of bacteria in synovial fluid by use of
the polymerase chain reaction. Vet Surg 1996;25:195-198
Cuchacovich R, Japa S, Huang WQ, Calvo A, Vega L, Vargas RB, Singh R, Flores
D, Castro I, Espinoza LR. Detection of bacterial DNA in Latin American patients with
reactive arthritis by polymerase chain reaction and sequencing analysis. J Rheum
2002;29(7):1426–1429
Deighton C. Beta haemolytic streptococci and reactive arthritis in adults. Ann
Rheum Dis 1993;52;475-482
Desjardins MR, Vachon AM. Surgical management of Rhodococcus equi
metaphysitis in a foal. J Am Vet Med Assoc 1990;197(5):608–612
Doring G, Unertl K, Heininger A. Validation criteria for nucleic acid amplification
techniques for bacterial infections. Clin Chem Lab Med 2008;46(7):909-918
Dumoulin M, Pille F, van den Abeele A, Boyen F, Boussauw B, Oosterlinck M,
Pasmans F, Gasthuys F, Martens A. Use of blood culture medium enrichment for

170

synovial fluid culture in horses: a comparison of different culture methods. Equine Vet J
2010;42:541-546.
Eberst-Ledoux J, Tournadre A, Mathieu S, Mrozek N, Soubrier M, Dubost J. Septic
arthritis with negative bacteriological findings in adult native joints: A retrospective
study of 74 cases. Joint Bone Spine 2011; Ahead of print
Ekman L, Nillson G, Persson L, Lumsden JH. Volume of the synovia in certain joint
cavities in the horse. Acta Vet Scand 1981;22(1):23-31
Ernst AA, Weiss SJ, Tracy LA, Weis NR. Usefulness of CRP and ESR in predicting
septic joints. South Med J 2010;103(6);522-526
Espy M, Uhl J, Sloan L, Buckwalter S, Jones M, Vetter E, Yao J, Wengenack N,
Rosenblatt J, Cockerill F, Smith T. Real-time PCR in clinical microbiology: Applications
for a routine laboratory testing. Clin Microbiol Rev 2006;19(1):165–256
Fenollar F, Roux V, Stein A, Drancourt M, Raoult, D. Analysis of 525 samples to
determine the usefulness of PCR amplification and sequencing of the 16S rRNA gene for
diagnosis of bone and joint infections. J Clin Microbiol 2006;44(3):1018–1028
Fihman V, Hannouche D, Bousson V, Bardin T, Liote F, Raskine L, Riahi J, SansonLe Pors MJ, Bercot B. Improved diagnosis specificity in bone and joint infections using
molecular techniques. J Inf 2007;55:510-517
Firth EC. Current concepts of infectious polyarthritis in foals. Equine Vet J
1983;15(1):5-9

171

Fraser BSL, Bladon BM. Tenoscopic surgery for treatment of lacerations of the
digital flexor tendon sheath. Equine Vet J 2004;36(6):528-531
Frees K, Lillich J, Gaughan E. Tenoscopic-assisted treatment of open digital flexor
tendon sheath injuries in horses: 20 cases (1992-2001). J Am Vet Med Assoc
2002;220(12):1823-1827
Fubini SL, Hollis NE, Freeman KP, Todhunter RJ. Prognostic factors affecting
survival of 507 horses with joint disease: (1983 to 1990). Can J Vet Res 1999;63:253-260
Gerard HC, Wang Z, Wang GF, El-Gabalawy H, Goldbach-Mansky R, Li Y, Majeed
W, Zhang H, Ngai N, Hudson AP, Schumacher HR. Chromosomal DNA from a variety
of bacterial species is present in synovial tissue from patients with various forms of
arthritis. Arthritis Rheum 2001;(44)7:1–9
Ghanem E, Parvizi J, Clohisy J, Burnett S, Sharkey PF, Barrack R. Perioperative
antibiotics should not be withheld in proven cases of periprosthetic infection. Clin Orthop
Relat Res 2007;461:44-47.
Gibson KT, McIlwraith CW, Turner AS, Stashak TS, Aanes WA, Trotter GW. Open
joint injuries in horses: 58 cases (1980-1986). J Am Vet Med Assoc 1989;194(3):398-404
Giguere S, Prescott JF. Clinical manifestations, diagnosis, treatment, and prevention
of Rhodococcus equi infections in foals. Vet microbiol 1997;56(3-4):313–334
Goldenberg DL, Reed JL. Bacterial arthritis. N Engl J Med 1985;312:764
Goldenberg DL. Septic arthritis. Lancet 1998;351:197–202
172

Gruber BF, Miller BS, Onnen J, Welling R, Wojtys EM. Antibacterial properties of
synovial fluid in the knee. J Knee Surg 2008;21:180-185
Gruber, B.F., Miller, B.S., Onnen, J., Welling, R., Wojtys, E.M. Antibacterial
properties of synovial fluid in the knee. J Knee Surg 2008;21:180-185.
Gupta MN, Sturrock RD, Field M. A prospective 2 year study of 75 patients with
adult-onset septic arthritis. Rheumatology 2001;40(1);24-30
Gustafson S.B., McIlwraith C.W., Jones R.L. Comparison of the effect of
polysulfated glycosaminoglycan, corticosteroids, and sodium hyaluronate in the
potentiation of a subinfective dose of Staphylococcus aureus in the midcarpal joint of
horses. Am J Vet Res 1989;50:2014–2017.
Hardy J, Bertone AL, Malemud CJ. Effect of synovial membrane infection in vitro
on equine synoviocytes and chondrocytes. Am J Vet Res 1998;59;293-299
Heininger A, Binder M, Ellinger A, Botzenhart K, Unertl K, Döring G. DNase
pretreatment of master mix reagents improves the validity of universal 16S rRNA gene
PCR results. J Clin Microbiol 2003;41(4):1763–1765
Hewes CA, Schneider RK, Baszler TV, Oaks JL. Septic arthritis and granulomatous
synovitis caused by infection with Mycobacterium avium complex in a horse. J Am Vet
Med Assoc 2005;226:2035–2038
Higuchi R, Fockler C, Dollinger G, Watson R. Kinetic PCR analysis: real-time
monitoring of DNA amplification reactions. Biotechnology 1993;11(9):1026–1030

173

Hoeffel DP, Hinrichs SH, Garvin KL. Molecular diagnostics for the detection of
musculoskeletal infection. Clin Orth Rel Res 1999;360:37-46
Honnas CM, Schumacher J, Cohen ND, Watkins JP, Taylor TS. Septic tenosynovitis
in horses: 25 cases (1983-1989). J Am Vet Med Assoc 1991;199(11):1616-1622
Honnas CM, Welch RD, Ford TS, Vacek JR, Watkins JP. Septic arthritis of the distal
interphalangeal joint in 12 horses. Vet Surg 1992;21(4):261-268
Huang Z, Fasco MJ. Optimization of Dnase I removal of contaminating DNA from
RNA for use in quantitative RNA-PCR. Biotechniques 1996;20(6):1012-1020
Iwanaga T, Shikichi M, Kitamura H, Yanase H, Nozawa-Inoue K. Morphology and
functional roles of synoviocytes in the joint. Arch Histol Cytol 2000;63(1):17-31
Janda JM, Abbott SL. 16S rRNA gene sequencing for bacterial identification in the
diagnostic laboratory: Pluses, Perils, and Pitfalls. J Clin Microbiol 2007;45:2761-2764.
Johnston S. Joint anatomy, physiology, and pathobiology. Vet Clin North Am Small
Anim Pract 1997;27:699-734
Jordan JA, Durso MB. Real-time polymerase chain reaction for detecting bacterial
DNA directly from blood of neonates being evaluated for sepsis. J Mol Diagn
2005;7(5):575–581
Kaandorp CJ, Dinant HJ, van de Laar MAF, Moens HJB, Prins APA, Dijkmans
BAC. Incidence and sources of native and prosthetic joint infection: a community based
prospective survey. Ann Rheum Dis 1997;56:470–475
174

Kempsell KE, Cox CJ, Hurle M. Reverse Transcriptase-PCR Analysis of Bacterial
rRNA for Detection and Characterization of Bacterial Species in Arthritis Synovial
Tissue. Infect Imm 2000;68:6012–6026.
Kenney DG, Robbins SC, Prescott JF, Kaushik A, Baird JD. Development of
reactive arthritis and resistance to erythromycin and rifampin in a foal during treatment
for Rhodococcus equi pneumonia. Equine Vet J 1994;26(3):246–248
Kidd JA, Voute LC, Hewetson M. Rupture of the flexor tendons of a horse
secondary to a non-responsive digital sheath sepsis. Vet Rec 2004 14;155(7):201-4
Klaschik S, Lehmann L, Raadts A, Hoeft A, Stuber F. Comparison of different
decontamination methods for reagents to detect low concentrations of bacterial 16S DNA
by real-time-PCR. Mol Biotechnol 2002;22(3):231–242
Kobayashi N, Bauer TW, Togawa D, Lieberman IH, Sakai H, Fujishiro T, Tuohy
MJ, Procop GW. A molecular gram stain using broad range PCR and pyrosequencing
technology. Diagn Mol Pathol 2005;14:83-89.
Kobayashi N, Bauer TW, Tuohy MJ, Lieberman IH, Krebs V, Togawa D, Fujishiro
T, Procop GW. The comparison of pyrosequencing, molecular Gram stain, culture, and
conventional Gram stain for diagnosing orthopedic infections. J Orthop Res
2006;24(8):1641-1649
Kobayashi N, Procop GW, Krebs V, Kobayashi H, Bauer TW. Molecular
Identification of Bacteria from Aseptically Loose Implants. Clin Orthop Rel Res
2008;466(7):1716–1725
175

Kohama M, Nio J, Hashimoto Y, Iwanaga T. Cellular architecture of the synovium
in the tendon sheath of horses: an immunohistochemical and scanning electron
microscopic study. Jpn J Vet Res 2002;50(2-3):125–139
Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics 1977;33:159–174.
Lapointe JM, Laverty S, Lavoie JP. Septic arthritis in 15 standardbred racehorses
after intra-articular injection. Equine Vet J 1992;24(6):430-4
Lescun TB, Vasey JR, Ward MP, Adams SB. Treatment with continuous
intrasynovial antimicrobial infusion for septic synovitis in horses: 31 cases (2000–2003).
J Am Vet Med Assoc 2006;228(12):1922–1929
Levine MJ, Mariani BA, Tuan RS, Booth RE Jr. Molecular genetic diagnosis of
infected total joint arthroplasty. J Arthroplasty 1995;10(1):93-4
Lyon RM, Evanich JD. Culture-negative septic arthritis in children. J Pediatr Orthop
1999;19:655-659
MacKay IM, MacKay JF, Nissen MD, Sloots TP. “Real-Time PCR: History and
fluorogenic chemistries.” In: MacKay (2007). Real-time PCR in microbiology: from
diagnosis to characterization. Caister Academic Press, Norfolk:1-40
Madison J, Sommer M, Spencer P. Relations among synovial membrane
histopathologic findings, synovial fluid cytologic findings, and bacterial culture results in
horses with suspected infectious arthritis: 64 cases (1979-1987). J Am Vet Med Assoc
1991;198:1655-1661
176

Madison JB, Reid BV, Raskin RE. Amphotericin B treatment of Candida arthritis in
two horses. J Am Vet Med Assoc 1995;206:338–341
Madison JB, Scarratt WK. Immune-mediated polysynovitis in four foals. J Am Vet
Med Assoc 1988;192(11):1581-4
Madison JB, Sommer M, Spencer PA. Relations among synovial membrane
histopathologic findings, synovial fluid cytologic findings, and bacterial culture results in
horses with suspected infectious arthritis: 64 cases (1979-1987). J Am Vet Med Assoc
1991;198(9):1655-61
Mariani BD, Levine MJ, Booth RE Jr, Tuan RS. Development of a novel, rapid
processing protocol for polymerase chain-reaction based detection of bacterial infections
in synovial fluids. Mol Biotechnol 1995;4(3):227-37
Marin M, Munoz P, Sanchez M, del Rosal M, Alcala L, Rodriguez-Creixems M,
Bouza E. Molecular diagnosis of infective endocarditis by real-time broad-range
polymerase chain reaction (PCR) and sequencing directly from heart valve tissue.
Medicine 2007;86:195–202.
Martens RJ, Auer JA, Carter GK. Equine pediatrics: septic arthritis and
osteomyelitis. J Am Vet Med Assoc 1986;188(6):582-5
Martinot M, Sordet C, Soubrier M, Puechal X, Saraux A, Liote F, Guggenbuhl P,
Legre V, Jaulhac B, Maillefert JF, Zeisel M, Coumaros G, Sibilia J. Diagnostic value of
serum and synovial procalcitonin in acute arthritis: a prospective study of 42 patients.
Clin Exp Rheumatol 2005;23(3):303-310
177

Mathews CJ, Kingsley G, Field M, Jones A, Weston VC, Phillips M, Walker D,
Coakley G. Management of septic arthritis: a systematic review. Ann Rheum Dis
2007;66:440-445
McIlwraith CW. Treatment of infectious arthritis. Vet Clin North Am Large Anim
Pract 1983;5(2):363-79
McIlwraith CW. Use of synovial fluid and serum biomarkers in equine bone and
joint disease: a review. Equine Vet J 2005;37(5):473-482
Meagher DT, Latimer FG, Sutter WW, Saville WJA. Evaluation of a balloon
constant rate infusion system for treatment of septic arthritis, septic tenosynovitis, and
contaminated synovial wounds: 23 cases (2002-2005). J Am Vet Med Assoc
2006;228(12):1930–1934
Meijer MC, van Weeren PR, Rijkenhuizen AB. Clinical experiences of treating
septic arthritis in the equine by repeated joint lavage: a series of 39 cases. J Vet Med
2000;47(6):351-65
Mignard S, Flandrois JP. 16S rRNA sequencing in routine bacterial identification: a
30-month experiment. J Mircobiol Meth 2006;67:574-581.
Mohammadi T, Reesink HW, Vandenbroucke-Grauls CMJE, Savelkoul PHM.
Optimization of real time PCR assay for rapid and sensitive detection of eubacterial 16S
ribosomal DNA in platelet concentrates. J Clin Microbiol 2003;41:4796-4798.

178

Montgomery RD, Long IR, Milton JL, DiPinto MN, Hunt J. Comparison of aerobic
culturette, synovial membrane biopsy, and blood culture medium in detection of canine
bacterial arthritis. Vet Surg 1989;18(4):300–303
Moody A, (2007). “An introduction to the polymerase chain reaction.” In: Hughes S
and Moody A (2007). PCR. Oxfordshire, Scion Publishing Limited:1-20
Moojen DJF, van Hellemondt G, Vogely HC, Burger BJ, Walenkamp GHIM, Tulp
NJA, Schreurs BW, de Meulemeester FRAJ, Schot CS, van de Pol I, Fujishiro T, Schouls
LM, Bauer TW, Dhert WJA. Incidence of low-grade infection in aseptic loosening of
total hip arthroplasty. Acta Orthop 2010;81(6):667-673
Moore RM, Schneider RK, Kowalski J, Bramlage LR, Mecklenburg LM, Kohn CW.
Antimicrobial susceptibility of bacterial isolates from 233 horses with musculoskeletal
infection during 1979-1989. Equine Vet J 1992;24(6):450–456
Morton AJ. Diagnosis and treatment of septic arthritis. Vet Clin North Am Equine
Pract 2005;21(3):627-49
Mühl H, Kochem AJ, Disqué C, Sakka SG. Activity and DNA contamination of
commercial polymerase chain reaction reagents for the universal 16S rDNA real-time
polymerase chain reaction detection of bacterial pathogens in blood. Diagn Microbiol Inf
Dis 2010;66(1):41–49
Muir P, Fox R, Wu Q, Baker TA, Zitzer NC, Hudson AP, Manley PA, SL Schaefer,
Hao Z. Seasonal variation in detection of bacterial DNA in arthritic stifle joints of dogs

179

with cranial cruciate ligament rupture using PCR amplification of the 16S rRNA gene.
Vet Microbiol 2010;141(1-2): 127–133
Muir P, Oldenhoff WE, Hudson AP, Manley PA, Schaefer SL, Markel MD, Hao Z.
Detection of DNA from a range of bacterial species in the knee joints of dogs with
inflammatory knee arthritis and associated degenerative anterior cruciate ligament
rupture. Microbiol Pathog 2007;42(2-3):47–55
Neil KM, Axon JE, Begg AP, Todhunter PG, Adams PL, Fine AE, Caron JP, Adkins
AR. Retrospective study of 108 foals with septic osteomyelitis. Aust Vet J 2010;88(12):4-12
Newby DT, Hadfield TL, Roberto FF. Real-time PCR detection of Brucella abortus:
a comparative study of SYBR Green I, 5′-exonuclease, and hybridization probe assays.
Appl Environ Microbiol 2003;69:4753-475
Newsome T, Li BJ, Zou N, Lo SC. Presence of bacterial phage-like DNA sequences
in commercial Taq DNA polymerase reagents. J Clin Microbiol 2004;42(5):2264–2267
Newton CR, Graham A, (1997). “What is PCR?” In: Newton CR, Graham A (1997).
PCR. Bios Scientific Publishers Limited, Oxford:1-8
Olds AM, Stewart AA, Freeman DE, Schaeffer DJ. Evaluation of the rate of
development of septic arthritis after elective arthroscopy in horses: 7 cases (1994-2003). J
Am Vet Med Assoc 2006;229(12):1949-1954
Orsini JA. Strategies for treatment of bone and joint infections in large animals. J
Am Vet Med Ass 1984;185:1190-1193
180

Palmer JL, Bertone AL. Joint structure, biochemistry and biochemical disequilibrium
in synovitis and equine joint disease. Equine Vet J 1994;26(4):263-277
Panousis K, Grigoris P, Butcher I, Rana B, Reilly JH, Hamblen DL. Poor predictive
value of broad-range PCR for the detection of arthroplasty infection in 92 cases. Acta
Orthop 2005;76(3):341-346
Paradis MR. Septic arthritis in the equine neonate: A retrospective study. In:
Proceedings of the 10th American College Veterinary Internal Medicine Forum, San
Diego, California 1992;458-459
Parvizi J, Ghanem E, Azzam K, Davis E, Jaberi F, Hozack W. Periprosthetic
infection: are current treatment strategies adequate? Acta orthop Belg 2008;74(6): 793–
800
Patel JB. 16S rRNA gene sequencing for bacterial pathogen identification in the
clinical laboratory. Mol Diagn 2001:6(4):313-321
Peremans K, Verschooten F, De Moor A, Desmet P. Monoarticular infectious
arthritis in the horse: 34 cases. Equine Vet Sci 1991;11(1):27-32
Petti CA. Detection and identification of microorganisms by gene amplification and
sequencing. Clin Infect Dis 2007;44:1108–1114
Piette A, Verschraegen G. Role of coagulase-negative staphylococci in human
disease. Vet Microbiol 2009;134:45–54

181

Pille F, Martens A, Oosterlinck M, Dumoulin M, Dewulf J, Gasthuys F. A
retrospective study on 195 horses with contaminated and infected synovial cavities.
Flemish Vet J 2009;78:97-104
Pille F, Martens A, Schouls L, Dewulf J, Decostere A, Vogelaers D, Gasthuys F.
Broad range 16S rRNA gene PCR compared to bacterial culture to confirm presumed
synovial infection in horses. Vet J 2007;173:73-78
Pille F, Martens A, Schouls LM, Peelman L, Gasthuys F, Schot CS, De Baere C,
Desmet P, Vandenberghe F. Detection of bacterial DNA in synovial fluid from horses
with infectious synovitis. Res Vet Sci 2004;77:189-195
Post EM, Singer ER, Clegg PD, Smith RK, Cripps PJ. Retrospective study of 24
cases of septic calcaneal bursitis in the horse. Equine Vet J 2003;35(7):662-668
Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi, J. Periprosthetic joint infection: the
incidence, timing, and predisposing factors. Clin Orthop Rel Res, 2008;466(7):1710–
1715
Riggio MP, Dempsey KE, Lennon A, Allan D, Ramage G, Bagg J. Molecular
detection of transcriptionally active bacteria from failed prosthetic hip joints removed
during revision arthroplasty. Eur J Clin Microbiol Infect Dis 2010;29(7):823–834
Rihl M, Klos A, Köhler L. Reactive arthritis. Best Pract Res Clin Rheum
2006;(20)6:1119-1137
Ririe KM, Rasmussen RP, Wittwer CT. Product differentiation by analysis of DNA
melting curves during the polymerase chain reaction. Anal Biochem 1997;245:154-160
182

Rodrigues JLM, Aiello MR, Urbance JW, Tsoi TV, Tiedje JM. Use of both 16S
rRNA and engineered functional genes with real-time PCR to quantify an engineered,
PCB-degrading Rhodococcus in soil. J Microbiol Methods 2002;51:181-189
Rood IGH, Koppelman MHGM, Pettersson A, Savelkoul PHM. Development of an
internally controlled PCR assay for broad range detection of bacteria in platelet
concentrates. J Microbiol Meth 2008;75:64-69
Rosey AL, Abachin E, Quesnes G, Cadilhac C, Pejin Z, Glorion C, Berche P, Ferroni
A. Development of a broad-range 16S rDNA real-time PCR for the diagnosis of septic
arthritis in children. J Microbiol Meth 2007;68(1):88–93
Ruano G, Fenton W, Kidd KK. Biphasic amplification of very dilute DNA samples
via “booster” PCR. Nucleic Acids Res 1989;17(3):5407
Sachse K (2003). “Specificity and Performance of Diagnostic PCR assays.” In:
Sachse K, and FreyJ (2003). PCR detection of microbial pathogens. Totowa, Humana
Press:3-30
Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA, Arnheim N.
Enzymatic amplification of beta-globin genomic sequences and restriction site analysis
for diagnosis of sickle cell anemia. Science 1985;230 (4732):1350–1354
Sanchez LC, Giguere S, Lesster GD. Factors associated with survival of neonatal
foals with bacteremia and racing performance of surviving thoroughbreds: 423 cases
(1982-2007). J Am Vet Med Assoc 2008;233:1446-1452

183

Schneider RK, Bramlage LR, Mecklenburg LM, Moore RM, Gabel AA. Open
drainage, intra-articular and systemic antibiotics in the treatment of septic
arthritis/tenosynovitis in horses. Equine Vet J 1992b;24(6):443-9
Schneider RK, Bramlage LR, Moore RM, Mecklenburg LM, Kohn CW, Gabel AA.
A retrospective study of 192 horses affected with septic arthritis/tenosynovitis. Equine
Vet J 1992a;24(6):436-442
Schumacher HR. Reactive arthritis. Rheum Dis Clin North Am 1998;24(2):261–273
Schwartz Z, Zitzer NC, Racette MA, Manley PA, Schaefer SL, Markel MD, Hao Z,
Holzmann G, Muir P. Are bacterial load and synovitis related in dogs with inflammatory
stifle arthritis? Vet Microbiol 2011;148(2-4):308–316
Sherman KM, Grant MD, Heymann EI. Fungal osteomyelitis of the axial border of
the proximal sesamoid bones in a horse. J Am Vet Med Assoc 2006;229:1607–1611
Shipley GL. An introduction to real-time PCR. In: Dorak MT, ed. Real-time PCR.
New York, Taylor & Francis Group, 2006;1-38
Silkie SS, Tolcher MP, Nelson KL. Reagent decontamination to eliminate falsepositives in Escherichia coli qPCR. J Microbiol Meth 2008;72(3):275–282
Slobogean GP, Kennedy SA, Davidson D, O’Brien PJ. Single- versus multiple-dose
antibiotic prophylaxis in the surgical treatment of closed fractures: a meta-analysis. J
Orthop Trauma 2008 Apr;22(4):264-9

184

Smith L, Marr C, Payne R, Stoneham S, Reid S. What is the likelihood that
Thoroughbred foals treated for septic arthritis will race? Equine Vet J 2004;36(5):452–
456
Smith LJ, Mellor DJ, Marr CM, Mair TS. What is the likelihood that a horse treated
for septic digital tenosynovitis will return to its previous level of athletic function?
Equine Vet J 2006;38(4):337–341
Snyder JR, Pascoe JR, Hirsh DC. Antimicrobial susceptibility of microorganisms
isolated from equine orthopedic patients. Vet Surg 1987;16(3):197-201
Soderquist B, Jones I, Fredlund H, Vikerfors T. Bacterial or crystal-associated
arthritis? Discriminating ability of serum inflammatory markers. Scand J Infect Dis
1998;30(6):591-596
Sontakke S, Cadenas MB, Maggi RG, Diniz PPVP, Breitschwerdt EB. Use of Broad
Range16S rDNA PCR in Clinical Microbiology. J of Microbiol Meth 2009;76(3):217225
Southwell-Keely JP, Russo RR, March L, Cumming R, Cameron I, Brnabic AJ.
Antibiotic prophylaxis in hip fracture surgery: a metaanalysis. Clin Orthop Relat Res
2004;419:179–84
Spiers S, May SA, Harisson LJ, Bennett D, Edwards GB. Proteolytic enzymes in
equine joints with infectious arthritis. Equine Vet J 1994;26(1);48-50
Stanek C, Septic arthritis of the hoof joint in the horse. Diagnosis, radiologic changes
and therapy. Schweiz Arch Tierheilkd 1997;139(3):134-143
185

Steel CM, Hunt AR, Adam PL, Robertson ID, Chicken C, Yovich JV, Stick JA.
Factors associated with prognosis for survival and athletic use in foals with septic
arthritis: 93 cases (1987-1994). J Am Vet Med Assoc 1999;215(7):973-977
Steel CM. Equine synovial fluid analysis. Vet Clin Equine 2008;24:437-454
Stengel D, Bauwens K, Sehouli J, Ekkernkamp A, Porzsolt F. (2001) Systematic
review and meta-analysis of antibiotic therapy for bone and joint infections. The Lancet,
Infect. Dis. 1, 175-188.
Stewart AA, Goodrich LR, Byron CR, Evans RB, Stewart MC. Antimicrobial
delivery by intrasynovial catheterisation with systemic administration for equine synovial
trauma and sepsis. Aust Vet J 2010;88(4):115-23
Sweeney CR, Sweeney RW, Divers TJ. Rhodococcus equi pneumonia in 48 foals:
response to antimicrobial therapy. Vet Microbiol 1987;14(3):329–336
Swerczek TW, Donahue JM, Hunt RJ. Scedosporium prolificans infection associated
with arthritis and osteomyelitis in a horse. J Am Vet Med Assoc 2001;218:1800–1802
Swets JA. Measuring the accuracy of diagnostic systems. Science 1988;240:1285–
1293.
Taylor AH, Mair, TS, Smith, Perkins JD. Bacterial culture of septic synovial
structures of horses: Does a positive bacterial culture influence prognosis? Equine Vet J
2010;42(3):213-218
The Oxford English Dictionary, third edition, 2010, Oxford University Press
186

Todhunter R, (1996). “Anatomy and physiology of synovial joints.” In: McIlwraith
CW, and Trotter GW (1996). Joint disease in the horse. Philadelphia, W.B. Saunders
Company;1-28
Tulamo R, Bramlage LR, Gabel AA. The influence of corticosteroids on sequential
clinical and synovial fluid parameters in joints with acute infectious arthritis in the horse.
Equine Vet J 1989b;21(5):332-337
Tulamo R, Bramlage, L. Sequential clinical and synovial fluid changes associated
with acute infectious arthritis in the horse. Equine Vet J 1989a;21(5):325-331
Tunney MM, Patrick S, Curran MD, Ramage G, Hanna D, Nixon JR, Gorman SP,
Davis RI, Anderson N. Detection of prosthetic hip infection at revision arthroplasty by
immunofluorescence microscopy and PCR amplification of the bacterial 16S rRNA gene.
J Clin Microbiol 1999;37(10):3281-3290
Van den Boom R, Rijkenhuizen AB. Hematogenous (suspected-) septic
inflammation of the synovial fossa in the adult horse: rare but deceptive (3 case reports).
Tijdschr Diergeneeskd 2002;127(12):382-385
van der Heijden I, Wilbrink B, Vije A, Schouls L, Breedveld F, Tak P. Detection of
bacterial DNA in serial synovial samples obtained during antibiotic treatment from
patients with septic arthritis. Arthritis and Rheum 1999;42(10):2198–2203
van der Heijden I, Wilbrink B. Presence of bacterial DNA and bacterial
peptidoglycans in joints of patients with rheumatoid arthritis and other arthritides.
Arthritis Rheum 2000;(43)3:593-598
187

Vos NJ, Ducharme NG. Analysis of factors influencing prognosis in foals with septic
arthritis. Irish Vet J 2008;61(2):102–106
Walmsley EA, Anderson GA, Muurlink MA, Whitton RC. Retrospective
investigation of prognostic indicators for adult horses with infection of a synovial
structure. Austr Vet J 2011;89(6):226–231
Wang Y, Qian PY. Conservative fragments in bacterial 16S rRNA genes and primer
design for 16S ribosomal DNA amplicons in metagenomic studies. Plos One
2009;4(10):e7401
Wereszka MM, White NA 2nd, Furr MO. Factors associated with outcome following
treatment of horses with septic tenosynovitis: 51 cases (1986-2003). J Am Vet Med
Assoc 2007;230(8):1195-200
Whitehair KJ, Bowersock TL, Blevins WE, Fessler JF, White MR, Van Sickle DC.
Regional limb perfusion for antibiotic treatment of experimentally induced septic
arthritis. Vet Surg 1992;21(5):367–373
Wilbrink B, van der Heijden IM, Schouls LM, van Embden JD, Hazes JM,
Breedveld FC, Tak PP. Detection of bacterial DNA in joint samples from patients with
undifferentiated arthritis and reactive arthritis, using polymerase chain reaction with
universal 16S ribosomal RNA primers. Arthritis Rheum 1998;41(3):535-543
Wilkinson N, Kingsley G, Jones H, Sieper J, Braun J, Ward M. The detection of
DNA from a range of bacterial species in the joints of patients with a variety of arthritides
using a nested, broad-range polymerase chain reaction. Rheum 1999;38(3):260–266
188

Wright IM, Scott M. Management of penetrating wounds in joints, tendon sheaths
and bursae. Equine Vet Educ 1989;1:15-22
Wright IM, Smith MR, Humphrey DJ, Eaton-Evans TC, Hillyer MH. Endoscopic
surgery in the treatment of contaminated and infected synovial cavities. Equine Vet J
2003;35(6):613-9
Xu J, Millar BC, Moore JE, Murphy K, Webb H, Fox AJ, Cafferkey M, Crowe MJ.
Employment of broad-range 16S rRNA PCR to detect aetiological agents of infection
from clinical specimens in patients with acute meningitis--rapid separation of 16S rRNA
PCR amplicons without the need for cloning. J Appl Microbiol 2003;94(2):197-206
Yagupsky P, Press J. Use of an Isolator 1.5 microbial tune for culture of synovial
fluid from patients with septic arthritis. J Clin Microbiol 1997;35(9);2410-2412
Yang S, Ramachandran P, Hardick A, Hsieh Y, Quianzon C, Kuroki M, Hardick J,
Kecojevic A, Abeygunawardena A, Zenilman J, Melendez J, Doshi V, Gaydos C,
Rothman RE. Rapid PCR-based diagnosis of septic arthritis by early gram-type
classification and pathogen identification. J Clin Microbiol 2008;46 (4):1386-1390
Yang S, Rothman RE. PCR-based diagnostics for infectious disease: uses,
limitations, and future applications in acute care settings. Lancet 2004;4:337-348
Zimmerli W, Trampuz A, Oschner P. Prosthetic-joint infections. N Engl J Med
2004;351:1645-165

189

