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Seminar

osteoclastic activity. This activity, in turn, produces bone
loss and localised osteoporosis. Meanwhile, bone
apposition occurs, in some cases exuberantly, causing
periosteal apposition and new bone formation.

There is much evidence that growth factors, cytokines,
hormones, and drugs regulate the proliferation and
activity of osteoblasts and osteoclasts. The growth
factors and cytokines that stimulate normal osteoclasts
and osteoblasts also inßuence their development and
death and show altered local concentrations during
infection.9Ð11 Although information on the involvement
of cytokines on bone growth has been acquired, little is
available for osteomyelitis.

Pathogenesis: host and microorganisms
The development of osteomyelitis is related to microbial
(table 1) and host factors. Among pathogenic micro-
organisms, Staphylococcus aureusis by far the most
commonly involved (Þgure 2). This organism elaborates
a range of extracellular and cell-associated factors
contributing to its virulence. First are factors promoting

attachment to extracellular matrix proteins, called
bacterial adhesins. The ability of Staph aureusto adhere is
thought to be crucial for the early colonisation of host
tissues, implanted biomaterials, or both. Staph aureus
expresses several adhesins (MSCRAMM, microbial
surface components recognising adhesive matrix
molecules) on its surface, each speciÞcally interacting
with one host protein component, such as Þbrinogen,
Þbronectin, collagen, vitronectin, laminin, throm-
bospondin, bone sialoprotein, elastin, or von Willebrand
factor.12 The second set of factors promote evasion from
host defences (protein A, some toxins, capsular
polysaccharides). The third set promote invasion or tissue
penetration by speciÞcally attacking host cells (exotoxins)
or degrading components of extracellular matrix (various
hydrolases). Finally, the ability of Staph aureusto invade
mammalian cells may explain its capacity to colonise
tissues and to persist after bacteraemia.13 Staph aureuscan
promote its endocytic uptake by epithelial or endothelial
cells. Staph aureusthat has been internalised by cultured
osteoblasts can survive within the cells.14 Intracellular
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Figure 1: Steps in the progression of chronic osteomyelitis
I: From sequestrum, an area of devascularised dead bone, progression of intramedullary infection towards an
intracapsular location can lead to septic arthritis; progression of infection towards a subperiosteal location can lead
to periosteal elevation. II: New bone formation as a result of massive periosteal elevation. III: Extension of
sequestrum and necrotic material through cortical bone creates a Þstula and ultimately breaks through the skin
(adapted from reference 5 with permission).

Figure 2: Microbiology in various types of osteomyelitis
Microorganisms are ranked from high to low prevalence or relative
epidemiological importance.

Most common clinical association Microorganism

Frequent microorganism in any type of osteomyelitisStaphylococcus aureus (susceptible or resistant to meticillin)
Foreign-body-associated infection Coagulase-negative staphylococci or Propionibacterium spp
Common in nosocomial infections Enterobacteriaceae, Pseudomonas aeruginosa, Candidaspp
Associated with bites, diabetic foot lesions, and Streptococci and/or anaerobic bacteria
decubitus ulcers
Sickle-cell disease Salmonellaspp or Streptococcus pneumoniae
HIV infection Bartonella henselaeor B quintana
Human or animal bites Pasteurella multocida or Eikenella corrodens
Immunocompromised patients Aspergillusspp, Candida albicans, or Mycobacteriaspp
Populations in which tuberculosis is prevalent Mycobacterium tuberculosis
Populations in which these pathogens are endemicBrucella spp, Coxiella burnetii, fungi found in speciÞc 

geographical areas (coccidiodomycosis, blastomycosis, 
histoplasmosis)

Table 1:Microorganisms isolated from patients with osteomyelitis and their clinical associations

Prosthetic-joint
infection
Coagulase-negative;
staphylococci;
Staph aureus;
polymicrobial
Streptococcus spp;
gram-negative
aerobic bacilli

Post-traumatic
infection
Staph aureus;
polymicrobial
gram-negative
aerobic bacilli;
anaerobes

Diabetic foot infection
Staph aureus;
Streptococcus spp;
Enterococcus spp;
coagulase-negative
staphylococci;
gram-negative
aerobic bacilli;
anaerobes

Vertebral
osteomyelitis
Staph aureus;
gram-negative
aerobic bacilli;
Streptococcus spp;
Mycobacterium
tuberculosis
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3.2 Unyvero ITI Implant & Tissue Infection Cartridge 

The Unyvero ITI Cartridge (Figure 2) integrates all relevant analysis steps: 
 

 
DNA isolation 

 
Multiplex endpoint PCR 

 
Amplicon detection through hybridization on membrane arrays 

 
The Unyvero ITI Cartridge is equipped with integrated reagent vials, a DNA purification column, eight 
separate PCR chambers, and a corresponding number of arrays. The cartridge contains buffers for 
DNA purification, reagents and fluorescence-marked primers for PCR amplification, and probes for 
array hybridization. 
 

DNA isolation 

Figure 2 The Unyvero ITI Cartridge  
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The multiplex PCR reactions for the detection of 
microorganisms and resistance markers are distributed across 
eight (independent) PCR chambers (Figure 6). Table 5 shows 
the distribution of the analytes across the individual chambers. 

  

Figure 6 PCR chambers 1 �±8 

1    1                                 8 

2                                7   
7 

3                   6   7 
4     5   7 
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