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There are several studies in the evaluation and description of musculoskeletal infections. However, the 
microbiology of these infections is very important in the isolation and identification of their aetiological agents. 
From literature surveys, we can identify microorganisms responsible for Osteomyelitis, Septic arthritis, Pyomyositis, 
and necrotizing fasciitis infections.  
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INTRODUCTION 

Musculoskeletal infections may be considered as 
orphan conditions or diseases under any of the 
following medical disciplines; infectious diseases, 
orthopedic surgery and rheumatology. However, these 
infections are likely to grow in importance and 
prevalence in the Middle East and North America as the 
population within these regions ages and the risk 
factors such as underlying arthritis, diabetes mellitus, 
osteomyelitis and immunosuppression increase in 
prevalence.  

As well, drug-resistant bacteria such as methicillin-
resistant Staphylococcus aureus and /or emerging 
microorganisms are playing a greater role as pathogens 
in musculoskeletal infections which can enhance and 
complicate matters. For example, osteomyelitis, 
especially in diabetic patients, can literally threaten life 
and the limbs. Septic arthritis of both prosthetic and 
native joints can permanently hamper mobility and 
locomotion. The limited ability of musculoskeletal tissue 
to regenerate may make these infections permanently 
disabling. This review was aimed to highlight 
microbiological aspects of some musculoskeletal 
infections, including the important bacteriological agents 
associated with such infections. 

MICROBIOLOGY OF OSTEOMYELITIS 

Osteomyelitis is an infection of the bone and bone 
marrow generally through exposure of these tissues to 
pathogenic organisms during the course of bacteremia. 
Children younger than 5 years are highly susceptible, 
followed by adults. The most common form is acute 
hematogenous osteomyelitis (AHO) in the highly 
vascular bones [LaMont et al., 1987; Vaughan et al., 
1987; Nelson, 1990].  Infection of the bone may occur in 
several ways, including hematogenous spread, direct 
inoculation, and contiguous spread from a local 
infection [Lew and Waldvogel, 1997; Lazzarini et al., 
2004].  

The vertebrae are the most common site of 
hematogenous infections in adults, but the long bones, 
pelvis, and clavicle may also be affected. Contiguous 
osteomyelitis may occur after a traumatic bone injury or 
as a result of the spread of infection from a nearby 
source such as soft tissue infection. Direct inoculation 
of bacteria into bone may occur during surgery or as a 
result of penetrating trauma, puncture wounds, or 
complex fractures [Frank et al., 2005]. Staphylococcus 
aureus is the most common pathogen that causes 
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pyogenic infections resulting in vertebral osteomyelitis 
in adults and the rate of this infection is between 40-
45% of all cases. Mycobacterium tuberculosis on the 
other hand causes nonpyogenic (granulomatous) 
infection. In children, S. aureus is the most commonly 
identified organism causing osteomyelitis and accounts 
for 61% to 89% of all cases of AHO [Dich et al., 1975; 
Unkila-Kallio et al., 1994].  

It has been reported [Ibia et al., 2003] that Group A 
β-hemolytic streptococci are the next most frequent 
pathogenic organism causing infection, and account for 
up to 10% of cases. Previously, Haemophilus 
influenzae had been reported as a causative pathogen 
accounting for 3% to 7% of cases [Dich et al., 
1975;LaMont et al., 1987; Unkila-Kallio et al., 1994], but 
this organism was almost eliminated due to the effect of 
immunization [Bowerman et al., 1997; Ibia et al., 2003 ].  

Patients with hematogenous osteomyelitis may also 
be infected with Streptococcus pneumoniae. It has 
been noted that Kingella kingae is a common cause of 
osteomyelitis in the Middle East, France and Israel and 
is being recognized increasingly in the United States 
[Yagupsky et al., 1993; Dartnell et al., 2012; Yagupsky, 
2013; Yagupsky, 2014]. Infection with this organism 
occurs in young children after upper respiratory tract 
infections and stomatitis in the late summer through 
early winter [Yagupsky et al., 1993]. On the other hand, 
Gram-negative bacteria such as Salmonella spp. are 
also involved in causing acute hematogenous 
osteomyelitis (AHO), commonly in patients suffering 
from sickle cell disease. Pseudomonas aeruginosa is 
often identified in cases of osteochondritis after 
puncture wounds of the feet [Fitzgerald and Cowan, 
1975; Raz and Miron, 1995]. Escherichia coli, another 
Gram-negative organism, is also reported as a 
causative agent of neonate osteomyelitis, and Group B 
Streptococcus, a Gram-positive micro-organism, is also 
incriminated [Edwards et al., 1978].   

Mycobacterium and fungi are rare causes of 
osteomyelitis [Raz and Miron, 1995]. However, 
Bartonella henselae is an atypical cause of 
osteomyelitis in patients with cat-scratch disease 
[Fernandez et al., 2000; Mirakhur et al., 2003]. 
Multimicrobial infection is not common and is seen 
mostly in cases of puncture wounds or other trauma 
[Frank et al., 2005]. Various organisms are responsible 
for osteomyelitis in different populations. The causative 
organism is related to the age, clinical history, and 
immune status of the patient (see Table 1). S. aureus is 
the most common cause in all cases. 

PATHOGENESIS OF OSTEOMYELITIS 

 
Acute haematogenous osteomyelitis is often seen in 
children and it is thought to occur in areas with rich 
vascular metaphyseal region [Gutierrez, 2005]. Children 
experience frequent episodes of bacteraemia, often 
with no apparent symptoms, leading to seeding and 
development of osteomyelitis [Conrad, 2010].  The total 
annual incidence rate of osteomyelitis was 13 per 100 
000 and the incidence was higher in patients under the 
age of 3 than in older children. In addition, it was 

reported that the incidence of non-vertebral 
osteomyelitis was higher than the incidence of vertebral 
osteomyelitis (Riise et al., 2008). The pathogenesis of 
this process has been proposed, based on theoretical 
perceptions.  

Inoculation of the metaphyseal vessels occurs at the 
transition point from the arteriolar vessels to the venous 
sinusoids, slowing blood flow and increasing vascular 
turbulence [Jansson et al., 2009]. These sites of 
turbulence may be predisposed to bacterial infection by 
providing an opportunity for local invasion. Untreated 
haematogenous osteomyelitis may cause chronic 
infection that may lead to devastating conditions 
including chronic sinuses with exposed bone, loss of 
structural integrity and growth disturbance [Beckles et 
al., 2010]. Trauma or direct injury to bone with 
bacteremia may significantly increase the rate of 
haematogenous osteomyelitis [Morrissy and Haynes, 
1989; Kabak et al., 1999].  

In vertebral osteomyelitis, infection of the spine is 
also caused by haematogeneous seeding of bacteremia 
into the vertebrae [Tay et al., 2002]. The venous 
anatomy and the unique vascular structures of the 
spine, allow retrograde flow from the pelvic venous 
plexus due to a lack of valvular structures, providing an 
opportunity for haematogenous deposition of bacteria 
[Batson, 1967]. Fine arteriolar structures surrounding 
the vertebral end plate may also represent a location at 
which bacteria can become trapped [Wiley and Trueta, 
1959].  

A different process of infection will occur in children 
depending on the anatomical development of the 
paediatric spine in which the blood vessels pass 
through the physeal cartilage and terminate within the 
intervertebral disc [Tay et al., 2002]. This orientation 
allows for seeding of infection from the osseous 
vasculature and results in a direct extension of infection 
into the disc, which is not seen in adult patients [Tay et 
al., 2002]. Osteomyelitis in adult patients often occurs 
due to inoculation from contiguous infection, and that 
can happen due to direct contamination at a site of 
injury, iatrogenic contamination at the time of an 
invasive procedure, or invasive infection from 
surrounding soft tissue [Mader et al., 1999]. The host 
inflammatory response provides a fertile environment 
for further bacterial invasion and progression as a result 
of small vessel obstruction due to coagulopathy and 
oedema in the tissues [Mader et al., 1999]. In diabetic 
foot patients, osteomyelitis represents the localized 
infection which includes peripheral neuropathy 
associated with superficial ulceration and peripheral 
vascular disease.  

However, Lavery et al. [2009] in a large recent study 
reported no association of osteomyelitis with either 
peripheral neuropathy or vascular disease, but the 
history and physical examination findings support prior 
literatures,  suggesting the clinical ability to infect bone 
directly in a diabetic ulcer diagnosed with underlying 
osteomyelitis [Grayson et al., 1995]. For further reading 
on pathophysiology and pathogenesis of osteomyelitis 
please read the review by Roy et al. [2012]. 
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Table 1.  A Summary Of The Common Organisms Implicated In Osteomyelitis In Different Patient Populations. 
 

CATEGORY OF OSTEOMYELITIS POPULATION CAUSATIVE ORGANISM 

Hematogenous osteomyelitis Patients of all ages S. aureus 

Neonates Enterobacteriaceae, group B streptococci 

Intravenous drug users S. aureus, Pseudomonas aeruginosa, 

Candida species 

Patients with sickle cell disease Streptococcus pneumoniae, Salmonella 

species 

HIV-infected patients Bartonella henselae 

Patients with nosocomial infections S. aureus, Enterobacteriaceae, Candida 

species, Aspergillus (in 

immunocompromised patients) 

Vertebral osteomyelitis (hematogenous 

and contiguous focus) 

Adults (most commonly) S. aureus 

Patients with urinary tract infections Aerobic gram-negative bacilli, 

Enterococcus species 

Intravenous drug users S. aureus, P. Aeruginosa 

Patients undergoing spinal surgery Coagulase-negative staphylococci, S. 

aureus, aerobic gram-negative bacilli 

Patients with infections of intravascular 

devices 

Candida species, staphylococci 

Patients living in endemic regions M. tuberculosis, Brucella species, 

regional fungi (Coccidioides, 

Blastomyces, Histoplasmas), Coxiella 

burnetii (Q fever) 

Contiguous-focus osteomyelitis Patients exposed to contaminated soil Clostridium species, Bacillus species, 

Stenotrophomonas maltophilia, Nocardia 

species, atypical mycobacteria, 

Aspergillus species, Rhizopus species, 

Mucor species 

Patients with orthopedic devices S. aureus, coagulase-negative 

staphylococci, Propionibacterium species 

Patients with decubitus ulcers Enterobacteriaceae, P. aeruginosa, 

enterococci, anaerobes, Candida species 

Patients with a history of cat bites Pasteurella multocida 

Patients with a history of human bites 

(including clenched-fist injury) 

Eikenella corrodens, Moraxella species 

Patients with puncture injuries on the foot P. aeruginosa 

Patients with periodontal infection Actinomyces species 

Osteomyelitis associated with vascular 

insufficiency 

Patients with diabetes Polymicrobial: S. aureus, β-hemolytic 

streptococci, Enterococcus faecalis, 

aerobic gram-negative bacilli 

 

MICROBIOLOGY OF SEPTIC ARTHRITIS 
 
The term septic arthritis refers to bacterial invasion of 
the joint space and subsequent inflammatory response, 
but also includes fungal infections. Septic arthritis due 
to bacterial pathogens is often a dangerous and 
destructive form of acute arthritis [Mathews and 
Coakley, 2008].  Most commonly, septic arthritis affects 
a single joint, but occasionally several joints are 
involved. The joints affected vary depending on the 
microbe causing the infection and the predisposing risk 
factors of the person affected. Septic arthritis is also 
called infectious arthritis [Margaretten et al., 2007].  
Several predisposing factors have been reported to 
increase the onset of septic arthritis, such as age 
greater than 80 years, diabetes mellitus, rheumatoid 
arthritis, prosthetic joint, recent joint surgery, skin 

infection, cutaneous ulcers, IV drug abuse, alcoholism, 
and previous intra-articular corticosteroid injection. 
Each of these individual factors appears to have a 
modest impact on the risk of septic arthritis, however, 
combinations of independent risk factors substantially 
increase the risk [Margaretten et al., 2007; Mathews 
and Coakley, 2008 ]. Most septic joints develop as a 
result of hematogenous seeding of the vascular 
synovial membrane due to a bacteremic episode [Klein, 
1988; Morgan et al., 1996].  

Acute septic arthritis may also occur as a result of 
joint aspiration or local corticosteroid joint injection 
which happens to be a rare cause [Klein, 1988; Hunter 
and Blyth, 1999]. In addition, bacterial arthritis may 
arise secondary to penetrating trauma (such as human 
or animal bite or nail puncture) or after trauma to a joint 
without an obvious break in the skin. The direct 
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introduction of bacteria during joint surgery has 
increasingly been a source of bacterial arthritis, 
particularly in association with knee and hip 
arthroplasties. 
 
MICROBES CAUSING SEPTIC ARTHRITIS 
 
Septic arthritis can be caused by bacteria, viruses, and 
fungi. The most common causes of septic arthritis are 
bacteria, including Staphylococcus aureus and 
Haemophilus influenzae [Barton et al., 1987; LeDantec 
et al., 1996].  It has been reported historically that 
children younger than 2 years are mostly infected with 
Haemophilus influenzae, S. aureus, and group A 
Streptococci. A notable case of Haemophilus influenzae 
serotype a (Hia) septic arthritis in an immunized central 
Australian indigenous child has been recently increased 
and this serotype is taking over niche of Hib serotype 
[Fischer, 2014]. However, infection with Haemophilus 
influenzae as a causative agent of septic arthritis is 
decreasing as a result of using H. Influenzae type b 
(Hib) vaccine for children [DeJonghe and Glaesener, 
1995].  

A study of 165 cases of acute hematogenous 
osteomyelitis or septic arthritis treated in the years 
before and after the advent of the Hib vaccine 
demonstrated that musculoskeletal infections due to 
this bacterial species were reduced to nearly 
nonexistent levels [Bowerman et al., 1997].  On the 
other hand, several investigators [Yagupsky et al., 
1992; Yagupsky et al., 1995; Lundy and Kehl, 1998; 
Luhmann and Luhmann, 1999] reported that the normal 
oropharyngeal resident of young children, Kingella 
kingae, may have taken the place of H. influenzae, 
specifically in patients younger than 2 years. Recently, 
Deng and Farricielli [2014] have reported that 
Lancefield group G streptococci (GGS) are a relatively 
less common cause of streptococcal infections, but the 
incidence of which has been reported to increase in the 
recent years.  

The researchers have investigated a case of sepsis, 
migrating septic arthritis and diffuse myositis caused by 
β-haemolytic GGS which is an unusual case of diffuse 
β-haemolytic GGS myositis involving multiple muscle 
groups in a patient who demonstrated no skin lesions or 
sign of streptococcal toxic shock syndrome. Moraxella 
lacunata has been reported as a first case of causative 
agent of both endocarditis and bilateral septic arthritis 
[Nakayama et al., 2013]. The route of entry leading to 
bacteremia may be the oral cavity and this organism 
should be considered in bilateral septic arthritis in a 
patient with underlying heart abnormalities and /or with 
renal failure [Nakayama et al., 2013]. 

 The representation of S. aureus is more 
pronounced in patients with either rheumatoid arthritis 
or diabetes [Ryan et al., 1997]. In certain "high-risk" 
individuals, other bacteria may cause septic arthritis, 
such as E. coli and Pseudomonas spp. in intravenous 
drug abusers and the elderly, Neisseria gonorrhoeae in 
sexually active young adults, and Salmonella spp. in 
young children or in people with sickle cell disease 
[Gregg et al., 1981; Fryden et al., 1990].  Other bacteria 
that can cause septic arthritis include; Mycobacterium 
tuberculosis and the spirochete bacterium that causes 
Lyme disease.  

Viruses that can cause septic arthritis include 
hepatitis A, B, and C, parvovirus B19, herpes viruses, 
HIV (AIDS virus), HTLV-1, adenovirus, coxsackie 
viruses, mumps, and ebola [Sabella and Goldfarb, 
1999; MiesRichie and Francis, 2003]. Fungi that can 
cause septic arthritis include histoplasma, 
coccidiomyces, and blastomyces 
[http://www.medicinenet.com/septic_arthritis/page2.htm.
]. 
 
PATHOGENESIS OF SEPTIC ARTHRITIS 
 
The incidence of septic arthritis is increased in patients 
with underlying joint disease, or prosthetic joints to 
approximately 30-60 per 100, 000 of the population per 
year [Smith et al., 2006; Favero et al., 2008].  There are 
two age groups that are particularly susceptible to 
septic arthritis; young children and the elderly. Others 
who have been reported as at risk groups include 
patients with diabetes, immunocompromised, patients 
who are on hemodialysis and intravenous drug users 
[Sharp et al., 1979; Gupta et al., 2001; Al-Nammari et 
al., 2008].  

Any joint that carries underlying pathology, such as 
in rheumatoid arthritis, osteoarthritis or if a joint is 
prosthetic, has a significantly higher risk of developing 
intra-articular sepsis [Sharp et al., 1979; Weston et al., 
1999; Gupta et al., 2001].  It has been noted that direct 
inoculation into the joint or hematogenous spread 
following septicemia or bacteremia is the main possible 
route by which pathogens can enter the joint.  
Haematogenous spread is more common, but the direct 
invasion of pathogens could occur as a result of 
orthopedic procedures and joint surgery, joint 
aspiration, intra-articular injection and via intra-articular 
extension from a nearby contiguous source [Kaandorp 
et al., 1997].  Kaandorp et al. [1997] also reported that 
cutaneous lesions are the most common focus of 
infection that leads to hematogenous spread and 
secondary joint involvement. Lower respiratory tract and 
urinary tract infections were the second and the third 
most common sources leading to secondary bacterial 
septic arthritis. 

 Experimental mouse models using staphylococcal 
and streptococcal infection have provided excellent 
evidence leading to understanding of the pathogenesis 
of septic arthritis [Hultgren et al., 1999; Mathews et al., 
2010]. In one experiment [Hultgren et al., 1999] a 
pathogen was injected intravenously and the joints were 
thereby inoculated via hematogenous spread. As soon 
as bacteria invade the blood stream, various virulence 
factors, such as extracellular toxins, enzymes, 
adhesins, bacterial cell wall proteins, were produced, 
which initiate the inflammatory process via T-cell, B-cell 
and macrophage stimulation.  

As a consequence, proinflammatory molecules 
including TNF-α, IL-1β and IL-6, immunomodulatory (IL-
4, IL-12) and anti-inflammatory (IL-4 and IL-10) 
cytokines are produced by monocytes, macrophages 
and synovial fibroblasts [Hultgren et al., 1999].  The role 
of Toll-like receptors (TLR), a class of protein within the 
innate immune system, has been recently studied 
[Varoga et al., 2009; Papathanasiou et al., 2011] in the 
context of both Gram-positive and Gram-negative 
bacterial septic arthritis. The experiments showed that 

http://www.medicinenet.com/script/main/art.asp?articlekey=1991
http://www.medicinenet.com/script/main/art.asp?articlekey=2039
http://www.medicinenet.com/script/main/art.asp?articlekey=85146
http://www.medicinenet.com/script/main/art.asp?articlekey=505
http://www.medicinenet.com/script/main/art.asp?articlekey=407
http://www.medicinenet.com/script/main/art.asp?articlekey=118901
http://www.medicinenet.com/script/main/art.asp?articlekey=16017
http://www.medicinenet.com/script/main/art.asp?articlekey=915
http://www.medicinenet.com/script/main/art.asp?articlekey=364
http://www.medicinenet.com/script/main/art.asp?articlekey=263
http://www.medicinenet.com/script/main/art.asp?articlekey=42678
http://www.medicinenet.com/script/main/art.asp?articlekey=38555
http://www.medicinenet.com/script/main/art.asp?articlekey=8698
http://www.medicinenet.com/script/main/art.asp?articlekey=2047
http://www.medicinenet.com/script/main/art.asp?articlekey=2047
http://www.medicinenet.com/script/main/art.asp?articlekey=1989
http://www.medicinenet.com/script/main/art.asp?articlekey=160898
http://www.medicinenet.com/script/main/art.asp?articlekey=3763
http://www.medicinenet.com/septic_arthritis/page2.htm
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there were higher levels of TLR-2 as compared with the 
normal controlled experimental models with a 
challenged one [Varoga et al., 2009; Papathanasiou et 
al., 2011]. 

 
PYOMYOSITIS 
 
Pyomyositis is a purulent infection of skeletal muscle 
that arises from hematogenous spread, usually with 
abscess formation [Stevens et al., 2005]. It is common 
in tropical regions, but is rarely reported in temperate 
regions. Therefore, it is known as tropical myositis as 
most cases have been reported in patients living in 
tropical areas and, until recently, it was considered 
unusual in the temperate zone. However, reports from 
non-tropical areas have increased [Gibson et al., 1984; 
Andrew and Czyz, 1988; Hall et al., 1990; Patel et al., 
1997]. 

The condition is usually diagnosed late, and for this 
reason it is followed by increased morbidity and 
sometimes a significant mortality rate [Hall et al., 1990; 
Patel et al., 1997; Drosos, 2005]. Tropical pyomyositis 
primarily occurs in two age groups: children (age 2 to 5 
years) and adults (age 20 to 45 years), with the majority 
of temperate pyomyositis cases occurring in adults. 
Males appear to be more commonly affected than 
females [Christin and Sarosi, 1992; Bickels et al., 2002]. 
Predisposing factors for pyomyositis include 
immunodeficiency, trauma, injection drug use, 
concurrent infection, and malnutrition [Schwartzman et 
al., 1991; Rodgers et al., 1993; Crum, 2004; Small and 
Ross, 2005].    

In United States, most cases are associated with 
human immunodeficiency virus infection or other 
immunosuppressive conditions, including diabetes 
mellitus, cancer, connective-tissue diseases, and 
cirrhosis [Crum, 2004].  Christin and Sarosi [1992] 
observed that Staphylococcus aureus was the 
causative organism in 70 percent of cases, and that 31 
percent of the patients had bacteremia [Christin and 
Sarosi, 1992]. Ansalonl and others [Horn and Master, 
1968; Christin and Sarosi, 1992; Ansalonl  et al., 1996; 
Miller et al., 2003] reported that HIV is a particularly 
important risk factor in pyomyositis and there was an 
association between this disease and HIV infection.  

The mechanism of HIV infection in the 
predisposition to pyomyositis is unclear; factors may 
include immune compromise, primary HIV myopathy, 
antiretroviral therapy, and increased rates of 
staphylococcal carriage [Horn and Master, 1968; 
Holbrook et al., 1997; Miller et al., 2003; Crum, 2004]. 
Although any skeletal muscle can be involved, the 
disease has a predilection for the large muscle masses 
of the body [Chiedozi, 1979; Patel et al., 1997].   
The most common site of involvement is the quadriceps 
muscle (65%), followed by the gluteal muscles (35%) 

[Lundy and Kehl, 1998]. Multiple muscle involvement 
occurs in 12-60% of patients [Levin, 1971; Chiedozi, 
1979; Hall et al., 1990; Bickels et al., 2002].   
 
MICROBES CAUSING PYOMYOSITIS 
 
Staphylococcus aureus is the most common organism, 
responsible for 90-95% of the cases in tropical areas 
[Chiedozi, 1979; Christin and Sarosi, 1992]. In non-
tropical areas, the frequency of staphylococcal infection 
is lower, about 60-70%, while other microorganisms are 
involved in about 40% of the cases [Gomez-Reino et 
al., 1994].  Other Gram-positive cocci have been 
reported such as Staphylococcus epidermidis [Yates et 
al., 1997], Streptococcus pneumoniae [Breton et al., 
2001], Streptococcus pyogenes [Lawrentschuk et al., 
2003], Streptococcus dysgalactiae [Woo et al., 2003].  

Gram-negative bacilli were also reported and these 
were Proteus mirabilis [Chusid et al., 1998], Klebsiella 
oxytoca, Klebsiella pneumoniae [Schwab and 
Panwalker, 1986; Wang et al., 2001], Yersinia 
enterocolitica [Brennessel et al., 1984], Salmonella 
species [Lortholary et al., 1995; Collazos et al., 1999], 
Aeromonas hydrophila [Kratzke and Golenbock, 1987], 
Escherichia coli [Tumeh et al., 1988], Haemophilus 
influenzae [Hall et al., 1990], Citrobacter freundii 
[Fincher et al., 1990], and Stenotrophomonas 
maltophilia [Tsai et al., 2003]. Nocardia asteroides 
[Vilaseca Arroyo et al., 2000], a Gram-positive bacillus 
has also caused pyomyositis and Gram-negative cocci, 
Neissseria gonorrhoeae [Haugh et al., 1996] were also 
reported.  

Anaerobic bacteria, such as Prevotella 
melaninogenica, Bacteroides fragilis, Eubacterium 
lentum [Calvo-Alen et al, 1995; Palomino-Nicas et al., 
1996; Odeh et al., 2000] may rarely cause pyomyositis.  
Several researchers [Bonomo et al., 1995; del Giglio et 
al., 1997; Kim et al., 1999; Johnson and Herzig, 2000; 
Soler et al., 2001] have reported pyomyositis infection 
with Mycobacterium tuberculosis and [Lortholary et al., 
1994] described one case with polymicrobial invasion. 
On the other hand, parasites such as Filaria, 
nematodes and viruses such as Herpes, Picornavirus, 
Coxsackie virus, Arenavirus, and Arbovirus, have also 
been involved [Shepherd, 1983; Christin and Sarosi, 
1992]. Rayes et al. [2000] demonstrated a relationship 
between pyomyositis and toxocariasis. It has been 
noted that the main causative agent of pyomyositis in 
HIV patients is Staphylococcus aureus. However, 
Mycobacterium tuberculosis and one case of 
polymicrobial infection have also been reported in such 
patients with HIV [Christin and Sarosi, 1992]. 
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Table 2. Aetiological Agents of Pyomyositis 
 

 

Gram-Positive cocci  Staphylococcus aureus (Chiedozi, 1979; Christin and Sarosi, 1992)  
S. epidermidis (Yates et al., 1997)  

Streptococcus pneumoniae (Breton et al., 2001)  
S. pyogenes (Lawrentschuk et al., 2003)  
S. dysgalactiae (Woo et al., 2003)  

Gram-negative bacilli  Proteus mirabilis (Chusid et al., 1998)  
Klebsiella oxytoca (Schwab and Panwalker, 1986)  
K. pneumoniae (Wang et al., 2001)  

Yersinia enterocolitica (Brennessel et al., 1984)  
Salmonella spp. (Lotholary et al., 1995; Collazos et al., 1999)  
Aeromonas hydrophila (Kratzke and Golenbock, 1987)  

Escherichia coli (Tumeh et al., 1988)  
Haemophilus influenza (Hall et al., 1990)  
Citrobacter freundii (Fincher et al., 1990)  

Stenotrophomonas maltophilia (Tsai et al., 2003)  

Gram-positive bacilli  Nocardia asteroides (Vilaseca Arroyo et al., 2000)  

Gram-negative cocci  Neissseria gonorrhoea (Haugh et al., 1996)  

Anaerobic bacteria  Prevotella melaninogenica (Odeh et al., 2000)  
Bacteroides fragilis (Calvo-Alen et al, 1995)  

Eubactterium lentum ( Palomino-Nicas et al., 1996)  
Mycobacterium tuberculosis (Kim et al., 1999; Johnson and Herzig, 2000; Soler et al., 

2001)  

Parasite  Filaria  
Nematodes  
Toxocariasis (Shepherd, 1983; Christin and Sarosi, 1992; Rayes et al., 2000)  

Virus  Herpes, Picornavirus, Coxsackie virus, Arenavirus, and Arbovirus (Shepherd, 1983; 
Christin and Sarosi, 1992)  

Fungus  Candida albicans  

 

NECROTIZING FASCIITIS 
 
Necrotizing skin infections were first described by Jones 
in 1871,but the term necrotising fasciitis was first used 
by Wilson (Wilson, 1952) in the 1950s to describe the 
most consistent feature of the infection such as 
necrosis of the fascia and subcutaneous tissue with 
relative sparing of the underlying muscle. Several 
synonyms have been mentioned to describe this 
disease such as necrotising soft tissue infection, 
Fournier's gangrene (necrotising fasciitis of scrotum or 
vulva), Ludwig's angina (necrotising fasciitis of 
submandibular space) (Anaya and Dellinger, 2007; 
Shimizu and Tokuda, 2010).  
Necrotizing fasciitis is characterized by rapid 
destruction of tissue, systemic toxicity, and, if not 
treated aggressively, gross morbidity and mortality may 
result. The rate of mortality is ranged from 25% to 75% 
(Francis et al., 1993; McHenry et al., 1995). The 
disease is uncommon and the true incidence is not 
known.  

However, more than 500 cases have been reported 
in North America and stated that men are slightly more 
affected than women (Francis et al., 1993; McHenry et 
al., 1995; Davies, 1996). Incidence of necrotizing 
fasciitis is increased in persons with diabetes, skin 
injury, including insect bite, trauma and surgical 
wounds, underlying conditions such as alcohol abuse, 
intravenous drug abuse, chronic liver or renal disease, 
peripheral vascular disease, malignancy, 
immunosuppression, and possibly, tuberculosis 
(Francis et al., 1993; Davies et al., 1996; Hefny and 
Abu-Zidan, 2010). In children, necrotizing fasciitis may 
follow varicella zoster infection (Bingol-Kologlu, 2007).  
It also occurs in young, previously healthy patients, 

including children. Mortality rates in children and 
previously healthy individuals tend to be much lower 
(Davies et al., 1996). 

Necrotizing soft-tissue infections are classified as 
cellulitis, fasciitis, or myositis based on the principal 
soft-tissue layer involved with necrosis (McHenry and 
Malangoni, 1995). Whereas, aetiologically, NF 
infections have been classified into: 

Type 1. Polymicrobial infection, with aerobic and 
anaerobic bacteria; usually in patients with 
immunocompromise or chronic disease (Shimizu and 
Tokuda, 2010;  Machado, 2011). 

Type 2. Monomicrobial infection or Group A 
streptococcus (GAS): occurs in any age group and in 
otherwise healthy people; occasionally accompanied by 
Staphylococcus aureus infection (Myslinski et al., 
2003). 

Type 3. Gram-negative monomicrobial infection: 
This includes marine organisms such as Vibrio spp. and 
Aeromonas hydrophila, which can occur following 
seawater contamination of wounds, injuries involving 
fish fins or stings, and raw seafood consumption; 
particularly in patients with chronic liver disease. These 
marine infections are particularly virulent and can be 
fatal within 48 hours (Goodell et al., 2004; Bross et al., 
2007). 

Type 4.  Fungal infection: This is caused by fungal 
infection such as Aspergillus or  Zygomycetes after 
traumatic wounds or burns. Candida infection is rare but 
can be seen in immunocompromised patients and can 
be rapidly progressive with high mortality (Cook et al., 
1990; Jain et al., 2006). Mucor and Rhizopus spp. are 
affecting immunocompetent patients after sever trauma 
and are responsible for almost 32% of necrotizing 
fasciitis in type 3 cases (Jain et al., 2006). 
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Fig. 1. Necrotizing fasciitis involving dorsum of the foot of a three-year-old child following a recent Herpes Zoster 
infection; Image adapted from Machado [2011]. 

 

MICROBIOLOGY OF NECROTIZING FASCIITIS 
 
Most studies have shown that necrotising fasciitis is 
polymicrobial in origin, with most cultures yielding a 
mixture of aerobic and anaerobic organisms (McHenry 
et al., 1995; Eke, 2000; Elliot et al., 2000). These 
infections typically occur in the perineum and trunk. The 
isolates reflect normal skin commensalism found 
adjacent to the site of infection. Pathogenic Gram-
positive organisms such as Staphylococcus aureus, S 
pyogenes, and enterococci are the aetiological isolate 
of Necrotizing fasciitis, and Gram-negative aerobes 
such as Escherichia coli and Pseudomonas species. In 
addition, anaerobic organisms are also isolated from NF 
infection such as Bacteroides or Clostridium species 
(such as C. Perfringens, C. Histolyticum, C. Septicum) 
which results for gas gangrene and occur often 
secondary as a result to trauma or crush injury 
(Sudarsky et al., 1987; McHenry et al., 1995; Miller et 
al., 2005). But overall, streptococcus is the most 
common causative organism reported in NF. 

Monomicrobial infections are less common than the 
polymicrobial types. These typically occur in the limbs 
and afflict healthy patients with no implicative 
comorbidities. There is often a history of trauma. S 
pyogenes and S aureus are the usual pathogens; this 
type of infection might be associated with toxic shock 
syndrome (Anaya and Dellinger, 2007). Recently, much 
concern has arisen with the emergence of toxic shock 

strains of streptococcus (group A haemolytic 
streptococci) leading to fasciitis with organ dysfunction. 
Moreover, Community-acquired methicillin–resistant S 
aureus (MRSA) has increasingly been described in NF 
and considered one-third of cases at the recent study 
(Miller et al., 2005). Vibrio spp. are less common 
aetiological agents of necrotizing fasciitis which enter 
through skin lesions that have been exposed to 
seawater or marine animals (McHenry et al., 1995). 

 
PATHOGENESIS OF NECROTIZING FASCIITIS 
 
Necrotizing fasciitis is a rapidly progressing bacterial 
infection of the soft tissue that destroys the 
subcutaneous fat and fascia. In most cases, the deep 
fascia and the muscle are spared from destruction by 
the infection, but myonecrosis can occur due to a 
compartment syndrome (Bisno and Stevens, 1996). 
The incidence of necrotizing fasciitis has been reported 
to be between 500 and 1500 cases per year in the 
United States and the mortality rates have been 
reported to range from 8% to 65% averaging 21.9% 
(Stoneback and Hak, 2011).  

The typical patient who has contracted a type of 
necrotizing fasciitis usually has an underlying illness 
that has weakened the immune system and has often 
incurred a disruption in the skin caused by a cut, ulcer, 
or even an insect bite. This opening in the skin serves 
as a portal of entry for the bacteria. Males and the 
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elderly are at a higher risk for contracting the disease 
(Brook and Frazier, 1995; Brothers, 1998). Diabetes 
remains one of the most common illnesses that weaken 
the immune system. Other predisposing factors include 
peripheral vascular disease, end-stage kidney disease, 
chemotherapy for cancer treatment, and 
immunosuppression due to organ transplant. In most of 
the NF cases, the immunocompromised male or elderly 
patient with a skin disruption allowed the entry of 
bacteria. On the other hand, many cases of necrotizing 
fasciitis in young, healthy individuals has been found 
with no break in the skin to serve as an area of entry. 
Bacteria of group A streptococcus could cause such 
infection and it seems this bacteria has become more 
virulent which usually cause outbreak in winter months 
(Drake et al., 1997; Weiss and Laverdiere, 1998). This 
bacteria is commonly found in the nose and throat of 
healthy individuals. The group A streptococci produce a 
variety of so-called virulence factors that permit them to 
evade the defense mechanisms of the host and thus 
cause disease.  

These factors include polysaccharide capsules and 
M proteins that impede phagocytosis, enzymes that 
degrade host tissues, and toxins that overstimulate the 
immune system, causing fever and shock. Organisms 
spread from the subcutaneous tissue along the 
superficial and deep facial planes, facilitated by 
bacterial enzymes and toxins. This deep infection 
causes vascular occlusion, ischemia, and tissue 
necrosis. Superficial nerves are damaged, producing 
the characteristic localized anesthesia. Septicemia 
ensues with systemic toxicity (Schwartz 2004). 

 Bacterial factors M-1 and M-3 surface proteins 
increase the adherence of the streptococci to the 
tissues and protect the bacteria against phagocytosis 
by neutrophils. Streptococcal pyrogenic exotoxins 
(SPEs) A, B, C are directly toxic and tend to be 
produced by strains causing NF. These exotoxins, 
together with streptococcal superantigen (SSA), lead to 
release of cytokines and produce clinical signs such as 
hypotension. The poor prognosis in NF has been linked 
to infection with certain streptococcal strains (Schwartz 
2004). Facultative aerobic organisms grow since 
polymorphonuclear (PMN) leukocytes exhibit decreased 
function under hypoxic wound conditions. This growth 
further lowers the oxidation/reduction potential, enabling 
the more anaerobic proliferation and, thus, accelerating 
the disease process. Carbon dioxide and water are the 
end products of aerobic metabolism. Hydrogen, 
nitrogen, hydrogen sulfide, and methane are produced 
from the combination of aerobic and anaerobic bacteria 
in a soft tissue infection. These gases, except carbon 
dioxide, accumulate in tissues because of reduced 
water solubility (Maynor 2004) 
 
CONCLUSION 
 
Microbiology of musculoskeletal infections should be 
considered in patients in order to obtain an early 
diagnosis. Highly sensitive and specific methods should 
be suggested for the evaluation of such infections. For 
example, pyomyositis is not common but patients with 
muscle pain, fever, leucocytosis, elevated ESR and 
CRP, in tropical and non-tropical countries should be 
considered for infection. As well, necrotizing fasciitis is 

a rare but devastating infection of the fascia and 
subcutaneous tissue and the presentation of the 
disease is variable.  Delay in recognition and effective 
treatment increases the mortality, therefore early 
diagnosis and management are essential for a better 
outcome. 

 
CONFLICT OF INTERESTS 
 
The author declares that there is no conflict of interests 
regarding the publication of this paper. 
 
REFERENCES 
 
Al Nammari SS, Gulati V, Patel R, Bejjanki N, Wright M. Septic arthritis 

in haemodialysis patients: a seven-year multi-centre review. J. 
Orthop. Surg. (Hong Kong). 2008; 16: 54–57. 

Al Shukry S and Ommen J. Necrotizing Fasciitis-Report of ten cases 
and review of recent literature. J. Med. Life. 2013; 6 (2): 189-194. 

Anaya DA and Dellinger EP. Necrotizing soft-tissue infection: diagnosis 
and management. Clin Infect Dis. 2007; 44(5):705-710.  

Andrew JG, Czyz WM. Pyomyositis presenting as septic arthritis: a 
report of two cases. Acta Orthop Scand. 1988; 59: 587-588. 

Ansalonl L, Acaye GL, Re MC. High HIV seroprevalence among 
patients with pyomyositis in northern Uganda. Trop Med Int Health. 
1996; 1:210. 

Arena GD, Pietrantuono G, Buccino E, Pacifico G and Musto P. 
Fournier’s Gangrene Complicating Hematologic Malignancies: a 
Case Report and Review of Licterature. Mediterr J Hematol Infect 
Dis.  2013; 5 

Barton LL, Dunkle LM and Habib FH. Septic arthritis in childhood. A 13-
year review. Am. J. Dis. Child. 1987; 141:898–900. 

Batson OV. The vertebral system of veins as a means for cancer 
dissemination. Progress in Clinical Cancer. 1967;Vol. 3, No., pp. (1-
18). 

BecklesVL L, Jones HW and Harrison WJ. Chronic haematogenous 
osteomyelitis in children: a retrospective review of 167 patients in 
Malawi. The Journal of Bone and Joint Surgery. British Volume. 
2010; Vol. 92, No. 8, pp. (1138-1143). 

Bickels J, Ben-Sira L, Kessler A, Wientroub S. Primary pyomyositis. J 
Bone Joint Surg Am 2002; 84-A: 2277. 

Bingol-Kologlu M, Yildiz RV, Alper B, Yağmurlu A, Ciftçi E, Gökçora 

IH, Ince E, Emiroğlu M, Dindar H. Necrotizing fasciitis in children: 
diagnostic and therapeutic aspects. J Pediatr Surg. 2007; 
42(11):1892-1897. 

Bisno AL and Stevens DL. Streptococcal infections of skin and soft 
tissues. N Engl J Med. 1996; 334:240-245. 

Bonomo RA, Graham R, Makley Jt, Petersilge CA. Tuberculous 
pyomyositis: an unusual presentation of disseminated 
Mycobacterium tuberculosis infection. Clin Infect Dis. 1995; 20: 
1576-1577. 

Bowerman SG, Green NE, and Menicio GA. Decline of bone and joint 
infections attributable to haemophilus influenzae type b. Clin Orthop 
Relat Res. 1997; 341;128–133. 

Brennessel DJ, Robbins N, Hindman S. Pyomyositis caused by Yersinia 
enterocolitica. J Clin Microbiol. 1984; 20: 293-294. 

Breton JR, Pi G, Lacruz L, Calvo I, Rodríguez I, Sánchez A, Camarena 
JJ, Hernández R. Pneumococcal pyomyositis. Pediatr Infect Dis J. 
2001; 20:85-87. 

Brook I and Frazier EH. Clinical and microbiological features of 
necrotizing fasciitis. J Clin Microbiol. 1995; 33:2382-2387. 

Bross MH, Soch K, Morales R, Mitchell RB. Vibrio vulnificus infection: 
diagnosis and treatment. Am Fam Physician 2007; 76:539-544. 

Brothers TE, Tagge DU, Stutley JE, Conway WF, Del Schutte H Jr, 
Byrne TK. Magnetic resonance imaging differentiates between 
necrotizing and non-necrotizing fasciitis of the lower extremity. J Am 
Coll Surg. 1998; 187:416-421. 

Calvo-Alen J, Pinillos V, del Val N, and Rodriguez Valverde V.  
Pyomyositis and septic arthritis due to Bacteroides fragilis in an 
Immunocompetent patient. Clin Infect Dis 1995; 21: 1344. 

Chiedozi LC. Pyomyositis. Review of 205 cases in 112 patients. Am J 

Surg 1979 ; 137 : 255-259. 
Christin L, Sarosi GA. Pyomyositis in North America: case reports and 

review. Clin Infect Dis. 1992; 15:688-677.  
Chusid MJ, Hill WC, Bevan JA, Sty JR.  Proteus pyomyositis of the 

piriformis muscle in a swimmer. Clin. Infect. Dis. 1998; 26: 194-195. 
Collazos J, Mayo J, Martinez E, Blanco MS. Muscle infections caused 

by Salmonella species: case report and review. Clin Infect Dis. 1999; 
29: 673-677. 

http://www.britannica.com/EBchecked/topic/454919/phagocytosis
http://www.britannica.com/EBchecked/topic/541306/shock
http://www.ncbi.nlm.nih.gov/pubmed?term=Bejjanki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18453661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wright%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18453661
http://www.uptodate.com/contents/pyomyositis/abstract/14
http://www.uptodate.com/contents/pyomyositis/abstract/14
http://www.uptodate.com/contents/pyomyositis/abstract/14
http://www.uptodate.com/contents/pyomyositis/abstract/5
http://www.uptodate.com/contents/pyomyositis/abstract/5
http://www.ncbi.nlm.nih.gov/pubmed?term=Ya%C4%9Fmurlu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=Cift%C3%A7i%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B6k%C3%A7ora%20IH%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B6k%C3%A7ora%20IH%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=Ince%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=Emiro%C4%9Flu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=Dindar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18022442
http://www.ncbi.nlm.nih.gov/pubmed?term=Calvo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11176578
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11176578
http://www.ncbi.nlm.nih.gov/pubmed?term=S%C3%A1nchez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11176578
http://www.ncbi.nlm.nih.gov/pubmed?term=Camarena%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11176578
http://www.ncbi.nlm.nih.gov/pubmed?term=Camarena%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11176578
http://www.ncbi.nlm.nih.gov/pubmed?term=Hern%C3%A1ndez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11176578


N i d h a m  M .  J a m a l l u d e e n           D o n n .  J . M e d .  M e d . S c i .  | 9 

 

         www.donnishjournals.org 

Conrad DA. Acute Hematogenous Osteomyelitis. Pediatrics in Review. 
2010; 31(11): 464-471. 

Cook DA, Heiner JP, Rao VK. Necrotizing candidal fasciitis following hip 
surgery. Orthopedics. 1990; 13: 768-770. 

Crum NF. Bacterial pyomyositis in the United States. Am J Med. 2004; 
117:420- 428. 

Dartnell J, Ramachandran M, Katchburian M. Haematogenous acute 
and subacute paediatric osteomyelitis: A systematic review of the 
literature. J Bone Joint Surg Br. 2012; 94:584-595 

Davies HD, McGeer A, Schwartz B, Green K, Cann D, Simor AE, Low 
DE.  Invasive group A streptococcal infections in Ontario, Canada. N 
Engl J Med 1996; 335:547– 554. 

De Jonghe M., and Glaesener G.Type B Haemophilus influenza 
infections. Experience at the Pediatric Hospital of Luxembourg]. Bull. 
Soc. Sci. Med. Grand-Duche Luxemb. 1995; 132:17–20. 

De Giglio A, Pinczowski H, Portugal G, Feher O. Tuberculous skeletal 
muscle involvement in acute leukemia: report on two cases. Tumori 
1997; 83: 618-620. 

Deng W and Farricielli L. Group G streptococcal sepsis, septic arthritis 
and myositis in a patient with severe oral ulcerations. BMJ Case rep. 
2014; Jan 27; 2014. pii: bcr2013200338. doi: 10.1136/bcr-2013-
200338 (in process). 

Dich VQ, Nelson JD, Haltalin KC. Osteomyelitis in infants and children. 
Am J Dis Child 1975; 129:1273–1278. 

Drake DB, Woods JA, Bill TJ, Kesser BW, Wenger MA, Neal JG, Edlich 
RF. Magnetic resonance imaging in the early diagnosis of group A 
beta streptococcal necrotizing fasciitis: A case report. J Emerg Med. 
1997; 16:403-407. 

Drosos G. Pyomyositis. A literature review. Acta Orthop. Belg. 2005; 71: 
9-16. 

Edwards MS, Baker CJ, Wagner ML, Taber LH, Barrett FF. An etiologic 
shift in infantile osteomyelitis: the emergence of the group B 
streptococcus. J Pediatr 1978; 93(4):578 –583. 

Eke N. Fournier’s gangrene: A review of 1726 cases. Br J Surg 2000; 
87:718-728. 

Elliot D, Kufera JA, Myers RA. The microbiology of necrotizing soft 
tissue infections. Am J Surg 2000; 179(5):361-366. 

Favero M, Schiavon F, Riato L, Carraro V, Punzi L. Rheumatoid arthritis 
is a major risk factor for septic arthritis in rheumatological settings. 
Autoimmune Rev.2008; 8(1):59–61. 

Fernandez M, Carrol C, Baker C. Discitis and vertebral osteomyelitis in 
children: an 18-year review. Pediatrics. 2000; 105(6):1299 –1304. 

Fincher RM, Jackson MW, Fischer AQ. Citrobacter freundii: a newly 
reported cause of pyomyositis. Am J Med Sci. 1990; 299: 331-333. 

Fischer NJ. Haemophilus influenzae serotype a septic arthritis in an 
immunized central Australian indigenous child. Int J Infect Dis. 2014 

Jan 7. pii: S1201-9712(14)00006-X. doi: 10.1016/j.ijid.2013.11.019. 
[Epub ahead of print] 

Fitzgerald RH, and Cowan JD. Puncture wounds of the foot. Orthop Clin 
North Am 1975; 6(4):965–972. 

Francis KR, LaMaute HR, Davis JM, Pizzi WF.  Implications of risk 
factors in necrotizing fasciitis. Am Surg 1993; 59:304–308. 

Frank G, Mahoney HM, Eppes SC. Musculoskeletal infections in 
children. Pediatr Clin North Am. 2005; 52(4):1083-1106. 

Fryden A, Bengtsson A, Foberg U, Svenungsson B, Castor B, Karnell 
A, Schvarcz R, Lindblom B, and Kihlstrom E. Early antibiotic 
treatment of reactive arthritis associated with enteric infections: 
clinical and serological study. Br. Med. J. 1990; 301:1299–1302. 

Gibson RK, Rosenthal SJ, Lufert BP. Pyomyositis increasing 
recognition in temperate climates. Am J Med. 1984; 77: 768-772. 

Goh T, Goh LG, Ang CH and Wong CH. Early diagnosis of necrotizing 
fasciitis. BJS 2014; 101: 119–125 

Gomez-Reino JJ, Aznar JJ, Pablos JL Diaz-Gonzalez F, Laffon A. 
Nontropical pyomyositis in adults. Semin Arthritis Rheum. 1994; 
23:396-405. 

Goodell KH, Jordan MR, Graham R, Cassidy C, Nasraway SA. Rapidly 
advancing necrotizing fasciitis caused by Photobacterium (Vibrio) 
damsela: a hyperaggressive variant. Crit Care Med. 2004; 32:278-
281 

Grayson ML, Gibbons G W, Balogh K, Levin E, and Karchmer AW. 
Probing to bone in infected pedal ulcers. A clinical sign of underlying 
osteomyelitis in diabetic patients. JAMA. 1995:273(9):721-723. 

Gregg C R, Melly MA, Hellerqvist CG, Coniglio JG, and McGee ZA. 
Toxic activity of purified lipopolysaccharide of Neisseria gonorrhoeae 
for human fallopian tube mucosa. J Infect Dis. 1981; 143:432–439. 

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. 

Gutierrez K. Bone and Joint Infections in Children. Pediatric Clinics of 
North America 2005; 52(3): 779-794. 

Hall RL, Callaghan JJ,  Moloney E, Martinez S, Harrelson JM.  
Pyomyositis in a temperate climate. Presentation, diagnosis and 
treatment. J Bone Joint Sur Am. 1990; 72(8): 1240-1244. 

Haugh PJ, Levy CS, Hoff-Sullivan E,  Malawer M, Kollender Y, Hoff V.  
Pyomyositis as the sole manifestation of disseminated gonococcal 
infection: case report and review. Clin Infect Dis. 1996; 22:861-863. 

Hefny AF, and Abu-Zidan FM. Necrotizing fasciitis as an early 
manifestation of tuberculosis: report of two Ulus Travma Acil Cerrahi 
Derg. 2010; 16(2):174-176. 

Holbrook KA, Klein RS, Hartel D, Elliott DA, Barsky TB, Rothschild 
LH, Lowy FD.Staphylococcus aureus nasal colonization in HIV-
seropositive and HIV-seronegative drug users. J Acquir Immune 

Defic Syndr Hum Retrovirol. 1997; 16:301-306. 
Horn CV and Master S. Pyomyositis tropicans in Uganda. East Afr Med 

J. 1968; 45:463. 
http://www.medicinenet.com/septic_arthritis/page2.htm.  

Hultgren O, Kopf M, Tarkowski A. Outcome of staphylococcus-triggered 
sepsis and arthritis in IL-4-deficient mice depends on the genetic 
background of the host. Eur. J. Immunol. 1999; 29(8): 2400–2405. 

Hunter JA, and Blyth TH. A risk-benefit assessment of intraarticular 
corticosteroids in rheumatic disorders. Drug Saf. 1999; 21:353–365. 

Ibia EO, Imoisili M, Pikis A. Group A b-hemolytic streptococcal 
osteomyelitis in children. Pediatrics. 2003; 112:22– 26. 

Jain D, Kumar Y, Vasishta RK, Rajesh L, Pattari SK, Chakrabarti A.   
Zygomycotic necrotizing fasciitis in immunocompetent patients: a 
series of 18 cases. Mod Pathol. 2006; 19:1221-1226 

Jansson A, Jansson V, and von Liebe A. Pediatric osteomyelitis. 
Orthopade. 2009; 38(3): 283-294. 

Johnson DW and Herzig KA. Isolated tuberculous pyomyositis in a renal 
transplant patient. Nephrol Dial Transplant. 2000; 15: 743. 

Jones J. Investigation upon the nature, causes and treatment of 
hospital gangrene as prevailed in the Confederate armies 1861–
1865. In: United States Sanitary Commission, editor. Surgical 
memoirs of the War of the Rebellion. New York, NY: Hurd and 
Houghton; 1871. p. 142-580. 

Kaandorp C, Dinant J, van de Laar MA, Moens HJ, Prins AP, Dijkmans 
BA. Incidence and sources of native and prosthetic joint infection: a 
community based prospective survey. Ann. Rheum. Dis.1997; 
56,470–475. 

Kabak S, Tuncel M, Halici M, Tutuş A, Baktir, A, and Yildirim C. Role of 
trauma on acute haematogenic osteomyelitis aetiology. Eur J Emerg 
Med. 1999; 6(3):219-222. 

Kim JY, Park YH, Choi KH, Park SH, Lee HY. MRI of tuberculous 
pyomyositis. J. Comput Assist Tomogr 1999; 23: 454-457. 

Klein, R. S. Joint infection, with consideration of underlying disease and 
sources of bacteremia in hematogenous infection. Clin. Geriatr. Med 
1988; 4:375–394. 

Kratzke RA, and Golenbock DT. Pyomyositis and hepatic abscess in 
association with Aeromonas hydrophila sepsis. Am J Med. 1987; 83: 

347-349. 
LaMont RL, Anderson PA, Dajani AS, Thirumoorthi MC.  Acute 

hematogenous osteomyelitis in children. J Pediatr Orthop 1987; 
7:579–583. 

Laupland KB, Davies HD, Low DE, Schwartz B, Green K, McGeer A. 
Invasive group A streptococcal disease in children and association 
with varicella-zoster virus infection. Ontario Group A Streptococcal 
Study Group. Pediatrics. 2000; 105(5):E60. 

Lavery LA, Peters EJ, Armstrong DG, Wendel CS, Murdoeh DP, Lipsky 
BA. Risk factors for developing osteomyelitis in patients with diabetic 
foot wounds. Diabetes Res Clin Pract. 2009; 83(3):347-352. 

Lawrentschuk N, Falkenberg MP, Pirpiris M. Primary bacterial 
pyomyositis associates with septic arthritis caused by Streptococcus 
pyogenes: a case report. Am. J. Orthop: 2003; 32: 148-50. 

Lazzarini L, Mader J, Calhoun J. Osteomyelitis in long bones. J Bone 
Joint Surg Am 2004;86-A(10):2305– 2318. 

Le Dantec  L, Maury F, Flipo RM, Laskri S, Cortet B, Duquesnoy B, and 
Delcambre B. Peripheral pyogenic arthritis. A study of one hundred 
seventy-nine cases. Rev. Rhum. Engl. Ed.1996; 63:103–11. 

Levin MJ, Gardner P, Waldvogel FA. An unusual infection due to 
Staphylococcus aureus. N Engl J Med. 1971; 284: 196-198. 

Lew DP and Waldvogel FA. Osteomyelitis. N Engl J Med. 1997; 
336(14):999– 1007. 

Lortholary O, Jarrousse B, Attali P,  Hoang JM, Brauner M, Guillevin L.  
Psoas pyomyositis as a late complication of typhoid fever. Clin infect 
Dis. 1995; 21:1049-1050. 

Lortholary O,  Jehl F, Petijean O,  Cohen P, Tarral E, Guillevin L. 
Polymicrobial pyomyositis and bacteremia in a patient with AIDS. 
Clin Infect Dis 1994: 19: 552-553. 

Luhmann  JD, and Luhmann SJ. Etiology of septic arthritis in children: 
an update for the 1990s. Pediatr. Emerg. Care. 1999; 15:40–42. 

Lundy D W and Kehl DK. Increasing prevalence of Kingella kingae in 
osteoarticular infections in young children. J. Pediatr. Orthop. 1998; 
18:262–267. 

Machado NO. Necrotizing fasciitis: The importance of early diagnosis, 
prompt surgical debridement and adjuvant therapy. North Am J Med 
Sci. 2011; 3: 107-118. 

http://www.uptodate.com/contents/pyomyositis/abstract/2
http://www.uptodate.com/contents/pyomyositis/abstract/2
http://www.ncbi.nlm.nih.gov/pubmed?term=Green%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8684408
http://www.ncbi.nlm.nih.gov/pubmed?term=Cann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=8684408
http://www.ncbi.nlm.nih.gov/pubmed?term=Simor%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=8684408
http://www.ncbi.nlm.nih.gov/pubmed?term=Low%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=8684408
http://www.ncbi.nlm.nih.gov/pubmed?term=Low%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=8684408
http://www.ncbi.nlm.nih.gov/pubmed?term=Kesser%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=9610967
http://www.ncbi.nlm.nih.gov/pubmed?term=Wenger%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=9610967
http://www.ncbi.nlm.nih.gov/pubmed?term=Neal%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=9610967
http://www.ncbi.nlm.nih.gov/pubmed?term=Edlich%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=9610967
http://www.ncbi.nlm.nih.gov/pubmed?term=Edlich%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=9610967
http://www.ncbi.nlm.nih.gov/pubmed?term=Taber%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=359771
http://www.ncbi.nlm.nih.gov/pubmed?term=Barrett%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=359771
http://www.ncbi.nlm.nih.gov/pubmed?term=Carraro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18706527
http://www.ncbi.nlm.nih.gov/pubmed?term=Punzi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18706527
http://www.ncbi.nlm.nih.gov/pubmed/24412315
http://www.ncbi.nlm.nih.gov/pubmed?term=Pizzi%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=8489099
http://www.ncbi.nlm.nih.gov/pubmed/16009258
http://www.ncbi.nlm.nih.gov/pubmed?term=Diaz-Gonzalez%20F%5BAuthor%5D&cauthor=true&cauthor_uid=7939725
http://www.ncbi.nlm.nih.gov/pubmed?term=Laffon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7939725
http://www.ncbi.nlm.nih.gov/pubmed?term=Cassidy%20C%5BAuthor%5D&cauthor=true&cauthor_uid=14707592
http://www.ncbi.nlm.nih.gov/pubmed?term=Nasraway%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=14707592
http://www.ncbi.nlm.nih.gov/pubmed?term=Moloney%20E%5BAuthor%5D&cauthor=true&cauthor_uid=2398094
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinez%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2398094
http://www.ncbi.nlm.nih.gov/pubmed?term=Harrelson%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=2398094
http://www.ncbi.nlm.nih.gov/pubmed?term=Malawer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8722952
http://www.ncbi.nlm.nih.gov/pubmed?term=Kollender%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8722952
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoff%20V%5BAuthor%5D&cauthor=true&cauthor_uid=8722952
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.ncbi.nlm.nih.gov/pubmed?term=Lowy%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=9402078
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/17
http://www.uptodate.com/contents/pyomyositis/abstract/7
http://www.uptodate.com/contents/pyomyositis/abstract/7
http://www.medicinenet.com/septic_arthritis/page2.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajesh%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16741524
http://www.ncbi.nlm.nih.gov/pubmed?term=Pattari%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=16741524
http://www.ncbi.nlm.nih.gov/pubmed?term=Chakrabarti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16741524
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20de%20Laar%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=9306869
http://www.ncbi.nlm.nih.gov/pubmed?term=Moens%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=9306869
http://www.ncbi.nlm.nih.gov/pubmed?term=Prins%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=9306869
http://www.ncbi.nlm.nih.gov/pubmed?term=Dijkmans%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=9306869
http://www.ncbi.nlm.nih.gov/pubmed?term=Dijkmans%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=9306869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kabak+S%2C+Tuncel+M%2C+Halici+M%2C+Tutu%C5%9F+A%2C
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kabak+S%2C+Tuncel+M%2C+Halici+M%2C+Tutu%C5%9F+A%2C
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=10348455
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=10348455
http://www.ncbi.nlm.nih.gov/pubmed?term=Thirumoorthi%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=3497948
http://www.ncbi.nlm.nih.gov/pubmed?term=Laupland%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=Davies%20HD%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=Low%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwartz%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=Green%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=McGeer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10799624
http://www.ncbi.nlm.nih.gov/pubmed/10799624
http://www.ncbi.nlm.nih.gov/pubmed?term=Hoang%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=8645809
http://www.ncbi.nlm.nih.gov/pubmed?term=Brauner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8645809
http://www.ncbi.nlm.nih.gov/pubmed?term=Guillevin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8645809
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7811885
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarral%20E%5BAuthor%5D&cauthor=true&cauthor_uid=7811885
http://www.ncbi.nlm.nih.gov/pubmed?term=Guillevin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=7811885


N i d h a m  M .  J a m a l l u d e e n           D o n n .  J . M e d .  M e d . S c i .  | 10 

 

         www.donnishjournals.org 

Mader JT, Shirtliff M, and Calhoun JH. The host and the skeletal 
infection: classification and pathogenesis of acute bacterial bone and 
joint sepsis. Baillieres Best Pract Res Clin Rheumatol. 1999; 13(1):1-
20. 

Margaretten ME, Kohlwes J, Moore D, Bent S. Does this adult patient 
have septic arthritis? JAMA 2007; 297:1478.  

Mathews CJ and Coakley G. Septic arthritis: current diagnostic and 
therapeutic algorithm. Curr Opin Rheumatol 2008; 20:457. 

Mathews C, Weston V, Jones A, Weston VC, Jones A, Field M, Coakley 

G. Bacterial septic arthritis in adult. Lancet. 2010; 375: 846–855. 
Maynor, Michael M.D. Necrotizing Fasciitis. Oct.18, 2004 

www.emedicine.com/emerg/topic332.htm 
McHenry CR and Malangoni MA. Necrotizing soft tissue infections. In 

Fry DE, ed. Surgical Infections. Boston: Little, Brown and Co. 1995. 
pp 161-168. 

Mies Richie A and Francis ML. Diagnostic approach to polyarticular joint 
pain. Am Fam Physician. 2003; 68(6): 1151-1160. 

Miller LG, Perdreau-Remington F, Rieg G, Mehdi S, Perlroth J, Bayer 

AS,Tang AW, Phung TO, Spellberg B. Necrotizing fasciitis caused by 
community-associated methicillin-resistant Staphylococcus aureus in 
Los Angeles. N Engl J Med 2005; 352(14):1445–1453. 

Miller M, Cespedes C, Vavagiakis P,Klein RS, Lowy FD.  
Staphylococcus aureus colonization in a community sample of HIV-
infected and HIV-uninfected drug users. Eur J Clin Microbiol Infect 
Dis 2003; 22:463-469. 

Mirakhur B, Shah S, Ratner A, Goldstein SM, Bell LM, Kim JO. Cat 
scratch disease presenting as orbital abscess and osteomyelitis. J 
Clin Microbiol 2003;41(8):3991–3993. 

Morgan DS, Fisher D, Merianos A, and Currie BJ. An 18 year clinical 
review of septic arthritis from tropical Australia. Epidemiol. Infect. 
1996; 117:423–428. 

Morrissy RT and Haynes DW. Acute hematogenous osteomyelitis: a 
model with trauma as an etiology. Journal of Pediatric Orthopedics. 
1989; 9(4): 447-456. 

Myslinski W, Mosieovicz J, Kazubek M, Przyszlak-Szabala M, Pegiel-
Sicko E, Hanzlik J. Non steroidal anti-inflammatory drugs over 
dosage – the cause or the consequence of necrotizing fasciitis? J 
Eur Acad Dermatol Venereol 2003; 17:227-228. 

Nae Yu S, Kim TH, Lee EJ, Choo EJ, Jeon MH, Jung YG,  KimTJ, Mun 
IK, and  Lee JS.Necrotizing Fasciitis in Three University Hospitals in 
Korea: A Change in Causative Microorganisms and Risk Factors of 
Mortality During the Last Decade.  Infect Chemother 2013;45(4):387-
393 

Nakayama A, Yamanaka K, Hayashi H, Ohkusus K. Moraxella lacunata 
infection associated with septicemia, endocarditis, and bilateral 
septic arthritis in a patient undergoing hemodialysis: A case report 

and review of the literature. J Infect Chemother. 2013 Nov 12. pii: 
S1341-321X(13)00003-2. doi: 10.1016/j.jiac.2013.06.002. [Epub 
ahead of print] 

Nelson JD. Acute osteomyelitis in children. Infect Dis Clin North Am 
1990; 4(3):513 –522. 

Odeh M, Oliven A, Potasman I, Solomon H, Srugo I.  Pyomyositis of the 
thigh due to Prevotella melaninogenica . Infection 2000; 28(1): 49-
50. 

Palomino-Nicas J, Gonzales E, Arroyo A, Cañas E, Hernanz W, Pachón 
J.  Pyomyositis due to Eubacterium lentum and Streptococcus 
constellatus from a periodontal source. Clin Infect Dis 1996; 22: 176-
178. 

Papathanasiou I, Malizos KN, Poultsides L. The catabolic role of toll-like 
receptor 2 (TLR-2) mediated by the NF-kB pathway in septic arthritis. 
J. Orthop. Res.2011; 29(2): 247–251. 

Patel SR, Olenginski TP, Perruquet JL, Harrington TM. Pyomyositis : 
clinical features and predisposing conditions. J Rheumatol. 1997; 24 
: 1734-1738. 

Rayes AA, Nobre V, Texeira DM,   Serufo JC, Filho GB, Antunes 
CM, Lambertucci JR. Tropical pyomyositis and human toxocariasis: 
a clinical and experimental study. Am J Med 2000; 109(5): 422-425. 

Raz R, an Miron D. Oral ciprofloxacin for treatment of infection following 
nail puncture wounds of the foot. Clin Infect Dis 1995; 21:194– 195. 

Riise OR, Kirkhus E, Handeland KS, Flato B, Reiseter T, Cvancarova 
M, Nakstad B, and Wathne K. Childhood osteomyelitis-incidence and 
differentiation from other acute onset musculoskeletal features in a 
population-based study. BMC Pediatrics. 2008; 8:45 

Rodgers WB, Yodlowski ML, Mintzer CM. Pyomyositis in patients who 

have the human immunodeficiency virus. Case report and review of 
the literature. J Bone Joint Surg Am. 1993; 75:588. 

Roy M, Somerson JS, Kerr KG, Conroy JL.  (2012). Pathophysiology 
and Pathogenesis of Osteomyelitis, Osteomyelitis, Prof. Mauricio S. 
Baptista (Ed.), ISBN: 978-953-51-0399-8, InTech, Available from: 
http://www.intechopen.com/books/osteomyelitis/pathophysiology-
and-pathogenesis 

Ryan MJ, Kavanagh R,Wall PG, and Hazleman BL. Bacterial joint 
infections in England and Wales: analysis of bacterial isolates over a 
four year period. Br. J. Rheumatol. 1997; 36:370–373. 

Sabella C and Goldfarb J. Parvovirus B19 infections. Am Fam 
Physician. 1999; 60(5): 1455-1460. 

Schwab R and Panwalker AP. Klebsiella pyomyositis. Am. J. Med. 
1986; 81: 1116-1117. 

Schwartzman WA, Lambertus MW, Kennedy CA, Goetz MB. 
Staphylococcal pyomyositis in patients infected by the human 

immunodeficiency virus. Am J Med 1991; 90:595. 
Schwartz, Robert A. M.D. Necrotizing Fasciitis. Emedicine. March 11, 

2004. www.emedicine.com/derm/topic743.htm 
Sharp JT, Lidsky MD, Duffy J, Duncan MW. Infectious arthritis. Arch. 

Intern. Med. 1979; 139:1125–1130 . 
Shepherd JJ. Tropical myositis:is it an entity and what is its cause? 

Lancet 1983:26:1240-1242. 
Shimizu T, Tokuda Y. Necrotizing fasciitis. Intern Med. 2010; 

49(12):1051-7. Epub 2010 Jun 15. 

Small LN and Ross JJ. Tropical and temperate pyomyositis. Infect Dis 
Clin North Am 2005; 19:981. 

Smith JW, Chalupa P, Shabaz HM, Hasan M. Infectious arthritis: clinical 
features, laboratory findings and treatment. Clin. Microbiol. 
Infect.2006; 12(4):309–314. 

Soler R, Rodriguez E, Remuinan C, Santos M. MRI of musculoskeletal 
extraspinal tuberculosis. J Comput Assist Tomogr 2001; 25: 177-
183. 

Stevens DL, Bisno AL, Chambers HF, Everett ED, Dellinger 
P, Goldstein EJ, Gorbach SL, Hirschmann JV, Kaplan EL, Montoya 
JG, Wade JC. Infectious Diseases Society of America. Practice 
guidelines for the diagnosis and management of skin and soft-tissue 
infections. Clin Infect Dis 2005; 41:1373-1406. 

Stoneback JW, Hak DJ. Diagnosis and management of necrotizing 
fasciitis. Orthopedics. 2011; 34(3): 196-202. 

Sudarsky LA, Laschinger JC, Coppa GF, Spencer FC. Improved results 
from a standardized approach in treating patients with necrotizing 
fasciitis. Ann Surg 1987; 206(5):661-665. 

Tay BKB, Deckey J, and Hu SS. Spinal Infections. J Am Acad Orthop 
Surg. 2002; 10(3):188-197. 

Tsai SH, Chao TY, Chou TD, Dai MS. Stenotrophomonas maltophilia 
septicemia with pyomyositis in a chemotherapy-treated patient. Ann 
Hematol. 2003; 82:452-454. 

Tumeh SS, Butler GJ, Maguire JH, Nagel JS. Pyogenic myositis: CT 
evaluation. J Comput Assist Tomogr. 1988; 12: 1002-1005. 

Unkila-Kallio L, Kallio M, Eskola J,  Peltola H. Serum C-reactive protein, 
erythrocyte sedimentation rate, and white blood cell count in acute 
hematogenous osteomyelitis of children. Pediatrics 1994; 93(1):59-

62. 
Varoga D, Klostermeier E, Paulsen F. The antimicrobial peptide HBD-2 

and the Toll-like receptors-2 and 4 are induced in synovial 
membranes in case of septic arthritis. Virchows Arch.2009; 454(6): 
685–694. 

Vaughan PA, Newman NM, Rosman MA. Acute hematogenous 
osteomyelitis in children. J Pediatr Orthop 1987; 7:652–655. 

Vilaseca Arroyo Z, Olive A, Lauzurica Valdemoros R,  Jiménez Lasanta 
JA.  Pyomyositis caused by Nocardia asteroides in a patient with 
kidney transplant. Med Clin (Barc) 2000; 114: 558-559. 

Wang TK, Wong SS, Woo PC. Two cases of pyomyositis caused by 
Klebsiella pneumoniae and review of the literature. Eur J Clin 
Microbiol Infect Dis. 2001; 20:576-580. 

Weiss KA and Laverdiere M. Group A streptococcus invasive infections: 
A review. Can J Surg. 1997; 40:18-25. 

Weston VC, Jones AC, Bradbury N. Clinical features and outcome of 
septic arthritis in a single UK Health District 1982–1991. Ann. Rheu. 
Dis.1999; 58(4): 214–219. 

Wiley A M, and Trueta, J. The vascular anatomy of the spine and its 
relationship to pyogenic vertebral osteomyelitis. J Bone Joint Surg 
Br. 1959; 41:796-809. 

Wilson B. Necrotising fasciitis. Am Surg 1952; 18:416-431. 
Woo PC, Teng JL, Lau SK, Lum PN, Leung KW, Wong KL, Li KW, Lam 

KC, Yuen KY. Analysis of a viridians group strain reveals a case of 
bacteremia due to lancefield group G alpha-hemolytic Streptococcus 
dysgalactiae subspequisimilis in a patient with pyomyositis and 
reactive arthritis. Clin. Microbiol. 2003; 41: 613-618. 

Yagupsky P, Dagan R, Howard CB, Einhorn M, Kassis I, Simu A. 
Clinical features and epidemiology of invasive Kingella kingae 

infections in southern Israel. Pediatrics 1993; 92(6):800–804. 
Yagupsky P. Outbreaks of Kingella Kingae infections in daycare 

facilities. Emerging Infectious Diseases. 2014; 20(5): 746-753. 
Yagupsky, P., R. Dagan, C. W. Howard, M. Einhorn, I. Kassis, and A. 

Simu. High prevalence of Kingella kingae in joint fluid from children 
with septic arthritis revealed by the BACTEC blood culture system. J. 
Clin. Microbiol.1992; 30:1278–1281. 

Yagupsky P, Slonim A, Amit U, Porat N, and Dagan R. Beta-lactamase 
production by Kingella Kingae in Israel is clonal and common in 

http://www.ncbi.nlm.nih.gov/pubmed/10952846
http://www.uptodate.com/contents/septic-arthritis-in-adults/abstract/4
http://www.uptodate.com/contents/septic-arthritis-in-adults/abstract/4
http://www.ncbi.nlm.nih.gov/pubmed?term=Weston%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=20206778
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20206778
http://www.ncbi.nlm.nih.gov/pubmed?term=Field%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20206778
http://www.ncbi.nlm.nih.gov/pubmed?term=Coakley%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20206778
http://www.ncbi.nlm.nih.gov/pubmed?term=Coakley%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20206778
http://www.emedicine.com/emerg/topic332.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=15814880
http://www.ncbi.nlm.nih.gov/pubmed?term=Phung%20TO%5BAuthor%5D&cauthor=true&cauthor_uid=15814880
http://www.ncbi.nlm.nih.gov/pubmed?term=Spellberg%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15814880
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.uptodate.com/contents/pyomyositis/abstract/18
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldstein%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=12904438
http://www.ncbi.nlm.nih.gov/pubmed?term=Bell%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=12904438
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=12904438
http://www.ncbi.nlm.nih.gov/pubmed?term=Przyszlak-Szabala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12705760
http://www.ncbi.nlm.nih.gov/pubmed?term=Pegiel-Sicko%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12705760
http://www.ncbi.nlm.nih.gov/pubmed?term=Pegiel-Sicko%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12705760
http://www.ncbi.nlm.nih.gov/pubmed?term=Hanzlik%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12705760
http://www.ncbi.nlm.nih.gov/pubmed/24462428
http://www.ncbi.nlm.nih.gov/pubmed?term=Solomon%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10697793
http://www.ncbi.nlm.nih.gov/pubmed?term=Srugo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=10697793
http://www.ncbi.nlm.nih.gov/pubmed?term=Ca%C3%B1as%20E%5BAuthor%5D&cauthor=true&cauthor_uid=8824994
http://www.ncbi.nlm.nih.gov/pubmed?term=Hernanz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=8824994
http://www.ncbi.nlm.nih.gov/pubmed?term=Pach%C3%B3n%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8824994
http://www.ncbi.nlm.nih.gov/pubmed?term=Pach%C3%B3n%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8824994
http://www.ncbi.nlm.nih.gov/pubmed?term=Serufo%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=11020398
http://www.ncbi.nlm.nih.gov/pubmed?term=Filho%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=11020398
http://www.ncbi.nlm.nih.gov/pubmed?term=Antunes%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11020398
http://www.ncbi.nlm.nih.gov/pubmed?term=Antunes%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11020398
http://www.ncbi.nlm.nih.gov/pubmed?term=Lambertucci%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=11020398
http://www.uptodate.com/contents/pyomyositis/abstract/11
http://www.uptodate.com/contents/pyomyositis/abstract/11
http://www.uptodate.com/contents/pyomyositis/abstract/11
http://www.intechopen.com/books/osteomyelitis/pathophysiology-and-pathogenesis
http://www.intechopen.com/books/osteomyelitis/pathophysiology-and-pathogenesis
http://www.uptodate.com/contents/pyomyositis/abstract/10
http://www.uptodate.com/contents/pyomyositis/abstract/10
http://www.uptodate.com/contents/pyomyositis/abstract/10
http://www.emedicine.com/derm/topic743.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Duncan%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=485744
http://www.uptodate.com/contents/pyomyositis/abstract/8
http://www.uptodate.com/contents/pyomyositis/abstract/8
http://www.ncbi.nlm.nih.gov/pubmed?term=Shabaz%20Hasan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16524406
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11242210
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldstein%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Gorbach%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirschmann%20JV%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaplan%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Montoya%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Montoya%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Wade%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=16231249
http://www.ncbi.nlm.nih.gov/pubmed?term=Infectious%20Diseases%20Society%20of%20America%5BCorporate%20Author%5D
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.uptodate.com/contents/pyomyositis/abstract/1
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai+SH%2C+Chao+TY%2C+Chou+TD
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai+SH%2C+Chao+TY%2C+Chou+TD
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagel%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=3183101
http://www.ncbi.nlm.nih.gov/pubmed?term=Peltola%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8265325
http://www.ncbi.nlm.nih.gov/pubmed?term=Jim%C3%A9nez%20Lasanta%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=10846671
http://www.ncbi.nlm.nih.gov/pubmed?term=Jim%C3%A9nez%20Lasanta%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=10846671
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wiley+A+M%2C+and+Trueta%2C+J
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wiley+A+M%2C+and+Trueta%2C+J
http://www.ncbi.nlm.nih.gov/pubmed?term=Einhorn%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8233740
http://www.ncbi.nlm.nih.gov/pubmed?term=Kassis%20I%5BAuthor%5D&cauthor=true&cauthor_uid=8233740
http://www.ncbi.nlm.nih.gov/pubmed?term=Simu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8233740


N i d h a m  M .  J a m a l l u d e e n           D o n n .  J . M e d .  M e d . S c i .  | 11 

 

         www.donnishjournals.org 

carriage organisms but rare among invasive strains. Eur J Clin 
Micribiol Infect Dis. 2013; 32(8): 1049-1053. 

Yagupsky, P., Y. Bar-Ziv, C. B. Howard, and R. Dagan. Epidemiology, 
etiology, and clinical features of septic arthritis in children younger 
than 24 months. Arch. Pediatr. Adolesc. Med. 1995; 149:537–540.  

Yates SW, Gelfand MS, Handorf CR. Spontaneous pyomyositis due to 
Staphylococcus epidermidis. Clin. Infect. Dis. 1997; 24: 1016-1017. 

 

 

 
 

 

 


