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   Foreword    

   The care of  patients presenting with signs of  infec-
tious or infl ammatory diseases is often diffi cult 
because their symptoms are frequently non-spe-
cifi c; the diagnosis, differential diagnosis and deci-
sion about appropriate therapy is often a real 
challenge for the clinician. The implemen tation of  
the available diagnostic methods is complex and 
the evaluation of  their results also complex and 
frequently contradictory. Many of  these methods 
are not familiar to clinicians; therefore the decision 
about their role in the diagnostic process and the 
strategy to be adopted may be delayed. Most of  the 
guidelines generally available still do not refl ect 
consensual diagnostic strategies. 

 The editors of  this book had the merit to involve 
clinicians, radiologists and nuclear physicians 
with the objective to review this diffi cult area 
disease by disease, to defi ne the appropriate clinical 
questions that may arise in everyday practice 
and to compare the accuracy and diagnostic value 
of  the available diagnostic methods. Their efforts 
have resulted in clear, didactic content that sup-
ports consultation in clinical practice, suggests 
solutions to the most frequently encountered 
pathological situations (osteomyelitis, spondy-
lodiscitis, abdominal, soft tissue and vascular 
graft infections, HIV and chronic infl ammatory dis-
eases), and summarizes the consensual diagnostic 
strategies. 

 The book is an excellent illustration of  the synergy 
that can be achieved between specialties and in the 
imaging specialties collaboration is of  the utmost 
importance. Both radiology and nuclear medicine 
contribute, often in a complementary way, to 
obtaining the correct diagnosis and the timely eval-
uation of  the therapeutic answer. The clear and 
objective comparison of  the diagnostic value and 
performance of  available methods in solving clinical 
problems allows us to defi ne clear, precise, fast and 
less expensive diagnostic algorithms to assist clini-
cians for the benefi t of  our patients. 

 Representing our respective European profes-
sional–scientifi c communities (the European Asso-
ciation of  Nuclear Medicine and the European 
Society of  Radiology), we congratulate the editors 
and authors on their excellent work and recom-
mend its exploitation by radiologists, nuclear physi-
cians and clinicians. 

     Patrick Bourguet  
 Past President of  the EANM 

 CRLCC Centre Eugène Marquis 
 Rennes, France 

  András Palkó  
 Past President of  the ESR 

 University of  Szeged 
 Szeged, Hungary  
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   Preface    

   Having dedicated most of  our scientifi c and clinical 
activity to the diagnosis of  infections and infl amma-
tory diseases we always had in mind to write a text-
book on this topic. An initial book of  this kind was 
published by one of  us (AS) in early 2002, followed 
by a pictorial atlas and several chapters in other 
books dedicated to nuclear medicine and molecular 
imaging or to specifi c diseases. However, the multi-
disciplinary approach to diagnostic imaging of  
infections and infl ammatory diseases has not been 
treated before in the systematic way that it is here. 

 We therefore combined our expertise and planned 
this multidisciplinary book by involving clinicians 
(infective disease specialists, endocrinologists, 
orthopedists and others), radiologists and nuclear 
medicine physicians. After initial enthusiasm we 
faced the diffi culty of  fi nding a common language 
among the contributors. Indeed, the way in which 
clinicians, radiologists and nuclear medicine physi-
cians face and describe the same topic is very differ-
ent, not only from a linguistic or medical point of  
view but, most importantly, in the way a patient is 
approached and images interpreted. 

 Clinicians tend to interpret images as “signs” and 
combine these with symptoms and other tests to 
reach the fi nal diagnosis. Therefore, when describ-
ing images, they do it in the context of  other tests, 
signs and symptoms, giving much less emphasis to 
the raw content of  the image and all the possible 
functional–anatomical information that can be 
gained from images. 

 Radiologists usually prioritize a detailed anatomi-
cal description, some of  which detail is irrelevant to 
the clinician, and aim to determine the diagnosis 
from identifying a multitude of  anatomical fea-
tures. When analyzing images, they carefully 
describe what they see and generally, will make a 
diagnosis only if  anatomical abnormalities are 
found. But an anatomical abnormality is not always 
synonymous with disease and vice versa. 

 By contrast, in nuclear medicine, functional 
aspects and tissue characterization are more rele-

vant, thus providing different information from 
radiology, often complementary. Nuclear medicine 
examinations are closer to physiology and histopa-
thology, while radiological examinations are closer 
to anatomy. Again, in nuclear medicine a physiolog-
ical/histopathological abnormality is not always 
associated with a disease state. It is therefore impor-
tant to defi ne the threshold of  normality for most 
examinations and the qualitative and quantitative 
analysis of  images is not always helpful in this. 

 As a consequence, clinicians, radiologists and 
nuclear medicine physicians have different ways of  
describing diseases and different ways of  writing 
medical textbooks. 

 It was important for us to attempt to give uniform-
ity to the way in which the clinical problems are 
described in the different chapters. All chapters have 
the same structure and authors were “forced” to 
adhere to a common way of  approaching the disease. 
This was not just an editorial exercise. In our view, it 
refl ects the merging of  the different disciplines in 
clinical practice and emphasizes the collaboration 
within multidisciplinary teams to reach the correct 
diagnosis for fast and effi cient cure of  the disease. 

 In the past 10 years in particular, nuclear medi-
cine and radiology have merged considerably with 
the introduction of  hybrid imaging (SPECT/CT, 
PET/CT and, more recently, PET/MRI). Therefore, 
for most patients the diagnostic imaging work-up is 
completed by the fusion of  the two specialties and 
physicians are becoming more and more used to 
interpreting images using a common language. 
Therefore, this textbook is also a milestone in the 
formulation of  common diagnostic fl ow charts for 
the diagnosis of  infections and infl ammatory dis-
eases. It is addressed to medical students as well as 
specialists in nuclear medicine and radiology, and 
also to all clinicians involved in infectious/infl am-
matory diseases who require an up-to-date view of  
integrated diagnostic imaging in this fi eld. 

 At the end of  each chapter, we asked the authors 
to include three to fi ve clinical cases to better 
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describe the diagnostic work-up of  patients and to 
conclude these with the important teaching points 
that summarize the role of  a particular imaging 
technique in a particular disease. 

 It has taken more than a year to thoroughly 
correct and edit, where necessary, all chapters in 

order to make the textbook the result of  a team effort 
rather than a multiauthor collection; a concept that 
makes this book unique and undoubtedly useful. 

    Alberto Signore 
 Ana María Quintero  
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   Introduction 

 Over the past few decades, an alarming increase 
in infections caused by antibiotic-resistant patho-
gens, including methicillin-resistant  Staphylococcus 
aureus  (MRSA), vancomycin-resistant  Enterococcus  
spp. (VRE), carbapenem-resistant  Pseudomonas 
aeruginosa , extended-spectrum  β -lactamase (ESBL)-
producing  Escherichia coli  and  Klebsiella  spp., 
carbapenemase-producing Enterobacteriaceae and 
multidrug-resistant (MDR)  Acinetobacter  spp., has 
been observed in the hospital setting and healthcare-
associated facilities  [1–4] . 

 The main mechanisms of  antimicrobial resist-
ance result from convergence of  multiple and differ-
ent factors, depending on the pathogen: expression 
of  low-affi nity penicillin-binding proteins; the 
alternative pathway for peptidoglycan synthesis; 
low outer membrane permeability; and presence 
of  genes encoding extended-spectrum, OXA-type 
(oxacillin-hydrolyzing) or metallo- β -lactamases, 
carbapenemases, intrinsic or acquired effl ux pumps, 
and aminoglycoside and fl uoroquinolone modifying 
enzymes. 

 These resistance determinants, depending on 
their origin, can be chromosomally encoded or 
acquired from mobile genetic elements, and easily 
transferred among microbial strains, thus confer-
ring extended drug resistance upon them  [5–7] . 

 Numerous factors are associated with high 
rates of  antimicrobial resistance in the healthcare 
setting, including pressure on antibiotic use, sever-
ity of  illness, numerosity of  invasive devices, length 
of  hospital stay, immunosuppression, malnutrition 
and ease of  cross-transmission of  antimicrobial-
resistant pathogens  [8,9] . 

  Staphylococcal  i nfections:  h ealthcare- a cquired 
 MRSA  and  b eyond 
 In 2003, 59.5% of   S. aureus  isolates in the US 
National Nosocomial Infection Surveillance (NNIS) 
intensive care units (ICUs) were MRSA  [10] . Simi-
larly, in some European countries, according to 
European Antimicrobial Resistance Surveillance 
System (EARSS) data, greater than 60% of  isolates 
in 2007, mostly in critical care areas, were MRSA 
 [11] . However, during recent years, although 
MRSA rates in most European countries are high, a 
signifi cant downward trend has been reported in 
many ICUs  [12–14] . 

 MRSA is one of  the main pathogens in hospital 
settings, including surgery and intensive care, and 
is becoming an alarming problem also in nursing 
home and other healthcare facilities. Patients colo-
nized with MRSA can easily develop an infection 
when they undergo invasive procedures. Indeed, 
the role of   S. aureus  nasopharyngeal carriage as a 

                CHAPTER 1 

       Epidemiology of  Infections in the 
New Century  

    Nicola     Petrosillo    
   National Institute for Infectious Diseases  , “L. Spallanzani”,    IRCCS, Rome  ,   Italy      
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 The vast majority of  CA-MRSA carry one of  two 
smaller SCC mec  types, IV and V, without the addi-
tional resistance genes. In general, they are more 
susceptible to non- β -lactam antibiotics and appear 
to be associated with increased transmission and 
hospitalization, skin and soft tissue infection and, 
rarely, severe diseases including necrotizing pneu-
monia  [30] . 

 CA-MRSA strains have rapidly emerged world-
wide and are now endemic in the USA where they 
are amongst the most commonly isolated patho-
gens in emergency departments. Furthermore, 
nosocomial transmission of  CA-MRSA and hospital 
outbreaks have recently been observed in several 
countries  [31] .  

   Enterococcus   spp.  
 Another emerging concern in surgery and inten-
sive care areas is VRE diffusion  [32] . Although the 
vast majority of  clinical enterococcal infections are 
caused by  Enterococcus faecalis ,  Enterococcus faecium  
has emerged in recent years as a major multiresist-
ant nosocomial pathogen, with a great capacity for 
acquiring multiple antibiotic-resistance determi-
nants, especially those encoding glycopeptide resist-
ance (e.g. vanA- and vanB-resistance genotypes). 
Almost 100% of   E. faecium  isolates are now resist-
ant to ampicillin, but high-level aminoglycoside 
resistance is also a major problem, as it is common 
in both  E. faecalis  and  E. faecium , ranging from 25% 
to 50% in European countries. 

 Various risk factors for acquisition of  VRE have 
been proposed, including environmental risk factors 
(extensive use of  broad-spectrum antimicrobial 
agents; patient overcrowding in facilities; admission 
to an ICU, transplant ward or unit with high 
colonization pressure; contaminated surfaces and 
fomites where enterococci can survive for a long 
period even in dry conditions); patient risk factors 
(severity of  illness; prolonged hospitalization; pres-
ence of  indwelling catheters or invasive devices; 
prolonged mechanical ventilation; age; non-
ambulatory status; immunosuppression as post-
transplantation status; diarrhea; renal failure/
chronic hemodialysis; and proximity to patients 
who are colonized by VRE); clinical risk factors 
(poor adherence to infection-control practices; 
unrecognized antimicrobial resistance in the facil-
ity; inappropriate treatment; and use of  contami-
nated equipment)  [33] .  

risk factor for infection in the hospital setting has 
been widely documented  [15] . Approximately 30% 
of  colonized patients may develop an MRSA infec-
tion  [16]  and in nearly 20%, this is a bacteremia. 
In recent reports, carbapenem use has been related 
to MRSA colonization, with eight new cases of  
MRSA colonization per 1000 days of  carbapenem 
therapy  [17] . 

 Despite the worldwide use of  vancomycin,  S. 
aureus  resistance to this glycopeptide remains rare. 
Only nine cases of  vancomycin-resistant  S. aureus  
[VRSA; defi ned by a vancomycin minimum inhibi-
tory concentration (MIC) of   ≥ 1.6 mg/dL] have been 
identifi ed to date and, as of  2007, approximately 
100 vancomycin-intermediate  S. aureus  (VISA) iso-
lates (defi ned by a vancomycin MIC of  0.4–0.8 mg/
dL) have been reported worldwide  [18] . 

 Currently, the main concern is the shift in suscep-
tibility to vancomycin, the so-called MIC “creep”. 
This phenomenon is represented by small incre-
mental increases in vancomycin MIC within the 
susceptibility range. One of  the most controversial 
issues in the treatment of  MRSA is the evidence 
for reduced vancomycin treatment effi cacy in the 
management of  bacteremia and pneumonia by 
MICs at the upper limit of  susceptibility (i.e. MICs 
of  0.2 mg/dL compared with  ≤ 0.1 mg/dL, which 
are still considered to be susceptible)  [19–25] . The 
increase in treatment failure might be the result 
of  higher frequencies of  hetero-resistance to van-
comycin among isolates with vancomycin MICs of  
0.2 mg/dL  [26] . Indeed, VISA isolates are those 
with a MIC between 0.4 and 0.8 mg/dL, whereas 
heterogeneous VISA (hVISA) strains appear to be 
sensitive to vancomycin with a susceptibility range 
of  0.1–0.2 mg/dL, even though they contain a sub-
population of  vancomycin-intermediate daughter 
cells (MIC  ≥ 0.4 mg/dL)  [27] . 

 Finally, although MRSA infections were tradi-
tionally limited to hospitals, reports of  community-
associated cases of  MRSA (CA-MRSA) infections 
began to emerge in the late 1990s in the USA 
 [28] . CA-MRSA are genetically and phenotypically 
distinct from the typical multidrug-resistant 
healthcare-associated MRSA. These strains are 
resistant to  β -lactam antibiotics and typically 
susceptible to other antistaphylococcal agents; 
they often encode for Panton–Valentine leukocidin 
(PVL) and other exotoxins and virulence factors 
 [29] . 
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currently represents a major concern due to the 
lack of  new drugs effective against these strains.   

  Prosthetic  j oint  i nfections 

 The numbers of  primary total hip and total knee 
arthroplasties has dramatically increased world-
wide over the past decade. In 2006, about 800 000 
hip and knee arthroplasties were performed in the 
USA  [44]  and 130 000 in England  [45] . Kurtz  et al . 
formulated projections for the number of  primary 
and revision total hip and knee arthroplasties that 
will be performed in the USA through 2030 and 
estimated a 174% increase (572 000) in hip proce-
dures per year and a 673% increase (3.48 million) 
in knee prosthesis per year  [46] . While such proce-
dures achieve great improvement in quality of  life, 
the risk of  infection represents a serious complica-
tion, occurring in 0.8–1.9% of  knee arthroplasties 
and 0.3–1.7% of  hip arthroplasties  [47–49] . 

 The incidence of  joint prosthesis infection ranges 
between 1.5% and 2.5% for primary interventions 
and up to 20% for revision procedures; mortality 
ranges between 1% and nearly 3%  [50] . The eco-
nomic cost of  this complication is up to $50 000 per 
patient and $250 000 million per year  [51,52] . The 
increases in life expectancy and predicted number 
of  joint replacement procedures are likely to regis-
ter a signifi cant increment in the number of  pros-
thetic joint infections with a strong impact on 
countries ’  health economic balance in the next few 
years  [53] . 

 From an epidemiological point of  view, joint pros-
thesis infections are classifi ed in relation to the time 
of  onset after surgery as “early” (fi rst 3 months 
after surgery), “delayed” (between 3 months and 
2 years after surgery) or “late” ( > 2 years after 
surgery). Table  1.1  shows the main risk factors for 
infection. 

  Microorganisms may reach the prosthesis at the 
time of  implantation or later by hematogenous 
spread. The development of  a biofi lm has a strategic 
role in the pathogenesis of  prosthetic joint infec-
tions. Foreign bodies remain devoid of  a microcir-
culation that is crucial for host defense and the 
delivery of  antibiotics. The biofi lm represents a 
basic survival mechanism by which microbes resist 
external and internal environmental factors, such 
as antimicrobial agents and the host immune 
system  [54] . 

  Multidrug- r esistant  Enterobacteriaceae : are  w e 
 f acing a  n ew  e ra? 
 Among Gram-negative agents, ESBL-producing 
Enterobacteriaceae are a great concern. The epide-
miology of  ESBLs has changed dramatically: until 
recently, most infections caused by ESBL-producing 
bacteria were described as being acquired nosoco-
mially, often appearing in specialized units, but 
are now increasingly found in non-hospitalized 
patients, and the mode of  transmission or source of  
this pathogen is still unknown  [34,35] . 

 More recently, the worldwide epidemic of  Entero-
bacteriaceae resistant to carbapenems is also a 
major concern. Carbapenems have been widely 
used as the treatment of  choice for serious infec-
tions caused by ESBL producers, exerting selection 
pressure for carbapenem resistance.  Klebsiella pneu-
moniae  carbapenemases (KPC)-type enzymes are 
emerging resistance determinants, especially for  K. 
pneumoniae   [36–38] . During the last decade, a 
rapidly evolving spread of  KPC and  β -lactamases 
has been documented worldwide, creating an 
endemic situation in many countries. KPC-
associated infections are predominantly nosoco-
mial and systemic infections, affecting patients with 
multiple risk factors  [38,39] . Therapeutic failures 
and adverse impact on patient outcome, with high 
mortality rates ranging from 22% to 57%, have 
been reported  [36] .  

  Non- f ermentative  Gram-negative   i nfections: a 
 t hreat for  c ritical  p atients 
 Multidrug-resistant non-fermentative organisms 
are a major concern in healthcare facilities world-
wide. In more than 300 US hospitals surveyed by 
the Centers for Disease Control (CDC), rates of  car-
bapenem resistance in  Actinobacter baumannii  iso-
lates increased from 9% in 1995 to 40% in 2004 
 [40] .  A. baumannii  infections, mainly ventilator-
associated pneumonia (VAP) and bloodstream 
infections, frequently affect critically ill patients in 
ICUs with major risk factors, including older age, 
presence of  severe underlying diseases, immuno-
suppression, major trauma or burn injuries, a 
scheduled invasive procedure, as well as the pres-
ence of  indwelling catheters, invasive mechanical 
ventilation, extended hospital stay and previous 
administration of  antibiotics  [41,42] . 

 Carbapenem resistance to  P. aeruginosa  ranges 
between 10% and 48% in ICUs worldwide  [43]  and 
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 In conclusion, prosthetic joint infection repre-
sents a challenge for orthopedic surgeons, infec-
tious diseases specialists, clinical microbiologists 
and all the other professionals involved in the care 
of  patients receiving prosthetic joints. It is expected 
that the incidence of  prosthetic joint infections will 
further increase due to better detection methods for 
microbial biofi lms involved in prosthetic joint infec-
tions, the growing number of  implanted prostheses 
in the aging population and the increasing resi-
dency time of  prostheses, which are at continuous 
risk for infection during their implanted lifetime 
 [63,64] .  

  Prosthetic  v ascular  i nfections 

 The medical device market in developed countries 
is exponentially growing  [65]  and represents a 
great health benefi t and progress. However, infec-
tion is a challenging and growing problem associ-
ated with medical devices. In the USA, approximately 
1 million nosocomial infections per year are related 
to indwelling medical devices  [66] . In spite of  the 
progress made in the prevention and treatment 
of  device-associated infection, an increase in the 
number of  patients with device-associated infec-
tions can be predicted from the increasing numbers 
of  devices and the lifelong risk for bacterial seeding 
of  devices (Table  1.2 ). 

  Prosthetic cardiovascular devices include heart 
valves, pacemakers, defi brillators, coronary artery 

 Table 1.2       Rate of  infection for prosthetic cardiovascular 
devices 

Type % Infection

First implant Revision

Prosthetic heart valve 1–6 15
Pacemaker 1–2 3–30
Defi brillator 4
Left ventricular assist 

device
50

Vascular graft prosthesis 1–6 22
Hemodialysis tunneled 

catheter
12

Hemodialysis 
arteriovenous graft

1–6

  Modifi ed from Sampedro and Patel  [64] .  

 Table 1.1       Risk factors for prosthetic joint infections 

 Patient-related risk factors 
   •    Previous revision arthroplasty 
  •    Previous infection associated with a prosthetic 

joint at the same site 
  •    Tobacco abuse 
  •    Obesity 
  •    Rheumatoid arthritis 
  •    Diabetes mellitus 
  •    Neoplasm 
  •    Immunosuppression  

 Surgical risk factors 
   •    Simultaneous bilateral arthroplasty 
  •    Long operative time ( > 2.5 hours) 
  •    Allogeneic blood transfusion  

 Postoperative risk factors 
   •    Wound healing complications 
  •    Atrial fi brillation 
  •    Myocardial infarction 
  •    Urinary tract infection 
  •    Prolonged hospital stay 
  •     S. aureus  bacteremia  

  Modifi ed from Cataldo  et al .  [53]  and Del Pozo and Patel 
 [54] .  

 The most frequent etiological agents are staphy-
lococci, accounting for more than 50% of  pros-
thetic joint infections.  S. aureus  is usually isolated in 
early infections, whereas coagulase-negative sta-
phylococci are isolated in late infections, as well as 
streptococci (9–10%), enterococci (3–7%) and 
anaerobes (2–4%)  [55,56] . 

 Gram-negative bacteria, mostly  P. aeruginosa , 
 Enterobacter  spp.,  Proteus  spp. and other relatively 
uncommon agents have an important clinical 
impact because they are diffi cult to treat  [57,58] . 
Overall, about 20% of  prosthetic joint infections are 
polymicrobial and 7–11% are culture negative 
 [59,60] . Unusual pathogens, such as  Candida  spp., 
 Brucella  spp. and mycobacteria have also been 
reported  [61] . 

 In the last decade there has been an increase in 
reports of  infections due to antibiotic-resistant bac-
teria; in a large surveillance study on surgical site 
infection after orthopedic interventions, 59% of  the 
 S. aureus  isolates were methicillin resistant, with a 
higher risk of  treatment failure than for infections 
caused by methicillin-susceptible  S. aureus   [62] . 
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the use of  perioperative systemic antibiotic prophy-
laxis, vascular graft infections still occur. To 
address this problem, antibiotic- and antimicrobial-
impregnated grafts have been developed and their 
effectiveness assessed in experimental and clinical 
studies  [82,83] . 

 The gold standard for treatment of  an infected 
prosthetic graft/device remains explantation and, 
for vascular grafts, subsequent reperfusion by 
placing a new graft, most commonly via an extra-
anatomic uninfected route and less commonly via 
 in-situ  grafting using an autogenous (vein) conduit. 
Antimicrobial therapy is a vital adjunct to surgical 
management; in some cases it may be the only 
option if  the patient is not fi t for further operative 
intervention. 

 As the number of  prosthetic vascular device 
increases, the development of  new solutions for pre-
vention and management of  infections represents 
the challenge for the next decades.  

  Skin and  s oft  t issue  i nfections 

 Skin and soft tissue infections (SSTIs) refl ect infl am-
matory microbial invasion of  the epidermis, dermis 
and subcutaneous tissues, and can be considered to 
be the commonest infection in humans. SSTIs can 
be classifi ed according to anatomical site, microbio-
logical etiology, or severity. In 2003, an expert panel 
classifi ed SSTIs according to the severity of  local 
and systemic signs, thereby developing a system 
that guides the clinical management and treatment 
decisions for patients with SSTIs  [84] . In 2005, the 
practice guidelines of  the Infectious Diseases Society 
of  America (IDSA) for the diagnosis and manage-
ment of  skin and soft tissue infections classifi ed 
SSTIs into fi ve categories: superfi cial, uncompli-
cated infection (includes impetigo, erysipelas and 
cellulitis); necrotizing infection; infections associ-
ated with bites and animal contact; surgical site 
infections; and infections in the immunocompro-
mised host  [85] . The Surgical Infection Society (SIS) 
has recently published new guidelines for the treat-
ment of  complicated SSTIs  [86] . The guidelines deal 
exclusively with complicated SSTIs, including those 
that are deep or necrotizing, usually requiring sur-
gical intervention (infected ulcers, infected burns 
and major abscesses) and occurring in patients 
with specifi c major co-morbidities that necessitate 
hospitalization. 

stents, artifi cial arteries, aortic stents, central 
venous catheters and arterial catheters. The fre-
quency of  long-term prosthetic device infection 
varies with the type of  implant and rates of  infec-
tion are greater after revision, likely due to several 
factors, including longer operation times of  surgery 
and poor circulation as a result of  scars around the 
previous implant. Rates of  infection in fi rst implants 
and in revision surgery, respectively, are 1–6% and 
15% for mechanical and prosthetic heart valves 
 [67,68] ; 1–2% and 3–10% for pacemakers  [69] ; 
and 1–6% and 22% for vascular graft prostheses 
 [70,71] . Additionally, rates of  infection for defi bril-
lators  [72] , left ventricular assist devices  [73] , 
hemodialysis tunneled catheters  [74]  and hemodi-
alysis arteriovenous grafts  [75]  are 4%, 50%, 12% 
and 1–6%, respectively. Along with the increasing 
number of  implanted devices, the number of  
cardiac device-related infections has increased 
124% between 1990 and 1999, and the rate of  
prosthetic valve infection has increased 50% over 
the same period (from 0.26 to 0.38 cases per 1000 
Medicare benefi ciaries)  [76,77] . 

 The microbiology of  these infections is related to 
the ability of  organisms to constitute the extracel-
lular matrix of  the biofi lm. In the biofi lm state, 
microorganisms are relatively immune to antibod-
ies and phagocytes  [78]  and are also more resistant 
than free-living organisms to conventional antimi-
crobial agents  [79] . 

  Staphylococcus  spp. are the most common micro-
organisms associated with device-related infections. 
Adherence of   S. aureus  to devices is dependent on 
the presence of  microbial surface components rec-
ognizing adhesive matrix molecules  [80] . However, 
biofi lm formation is not limited to staphylococci; 
other Gram-positive organisms, including strepto-
cocci,  Enterococcus  spp.,  Propionibacterium acnes , 
 Corynebacterium  spp. Gram-negative organisms, 
including  P. aeruginosa  and Enterobacteriaceae; and 
fungi can produce biofi lm. 

 In the pathogenesis of  prosthetic vascular infec-
tions the host also plays an important role: the 
infl ammatory response secondary to surgery and 
subsequent platelet aggregation and release of  
adhesins gives potential for microbial colonization 
 [81] . 

 All types of  prosthetic vascular grafts are suscep-
tible to infection via direct contamination during 
implantation or bacteremia after operation. Despite 
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and  Klebsiella  spp., with nearly 50% of  the  S. aureus  
isolates being resistant to methicillin  [93] . Regard-
ing surgical site infections (SSIs), which occur in 
more than 5% of  patients undergoing surgery  [94] , 
the epidemiology is slightly different, with an even 
greater shift toward Gram-positive pathogens ( S. 
aureus , coagulase-negative staphylococci and  Ente-
rococcus  spp. in  > 50% of  isolates)  [95] . 

 Management of  complicated SSTIs is particularly 
challenging, because prompt recognition, timely 
surgical debridement or drainage, resuscitation if  
required and appropriate antibiotic therapy repre-
sent the cornerstones of  clinical success. The main-
stays of  antimicrobial treatment are the penicillins, 
cephalosporins, clindamycin and co-trimoxazole. 
 β -Lactam/ β -lactamase inhibitor combinations are 
indicated for polymicrobial infection. A range of  
new agents for the treatment of  MRSA infections 
has been compared with the glycopeptides; some of  
them, including daptomycin, linezolid and tygeci-
cline, have distinct pharmacokinetic advantages.  

  Tuberculosis and  h uman 
 i mmunodefi ciency  v irus in the 
 n ew  c entury 

 An ancient pathogen,  Mycobacterium tuberculosis , 
and a new one, HIV, met about 30 years ago; their 
interaction resulted in an escalation of  the burden 
of  both diseases and also of  their morbidity and 
mortality. This was more evident in those countries 
where HIV and tuberculosis (TB) were highly preva-
lent, and health and social conditions the poorest. 

 The history of  dual TB/HIV infection has faced 
increasing challenges in the last decades, beginning 
with an exponential rise in TB case notifi cations in 
sub-Saharan Africa, a high case fatality rate  [96] , 
high rates of  TB recurrence  [97]  and increased 
transmission in settings where people congregate. 
In industrialized countries, outbreaks of  multidrug-
resistant (MDR) TB have occurred since the 1990s 
in HIV-infected patients in healthcare facilities  [98] . 
In 2005–2006 there was the dramatic outbreak of  
extensively drug-resistant (XDR) TB in HIV-infected 
individuals in a rural area in South Africa  [99] . 

 In the pre-HIV era, there was a marked improve-
ment in TB management thanks to the expansion 
of  directly observed therapy, short-course (DOTS) 
programs. When cases of  HIV-associated TB dra-
matically rose, there was the clear demonstration 

 The epidemiology of  complicated SSTIs has 
changed somewhat in the last decade. The fre-
quency of  SSTIs has increased signifi cantly since 
the late 1990s, predominately because of  an 
increase in infections caused by CA-MRSA  [87] . 

 What has changed in  S. aureus  infections? Since 
its fi rst appearance in 1961, in the past two decades 
the prevalence of  MRSA has become widespread in 
hospitals, particularly in ICUs, representing a sub-
stantial burden in terms of  morbidity, mortality and 
cost. It was estimated that deaths in patients with 
MRSA in the USA in 2005 surpassed those caused 
by human immunodefi ciency virus (HIV) in the 
same year  [88,89] . The increase in MRSA infections 
most likely refl ects the growing impact of  medical 
interventions, devices, older age and co-morbidities 
of  patients. All of  these represent risk factors for 
healthcare-associated (HA) MRSA infection, along 
with antibiotic use and overuse  [90] . While the fre-
quency of  MRSA infections continues to grow in 
hospital settings  [91] , of  rising concern is the emer-
gence of  MRSA in patients without apparent risk 
factors presenting from the community. Since 
1998, several outbreaks of  community-associated 
(CA)-MRSA in children, athletes, prisoners, mili-
tary personnel, men who have sex with men, HIV-
infected people, native Americans and aboriginal 
populations have been reported  [89] . The preva-
lence of  CA-MRSA infections varies widely accord-
ing to region, reaching 20–50% of  SSTIs in US 
cities  [92] . Although initially thought to have 
spread from hospitals to the community, several 
studies have revealed a number of  genetic and 
epidemiological differences between HA-MRSA and 
CA-MRSA  [92] . CA-MRSA genetic features include 
the staphylococcal cassette chromosome  mec  
(SCC mec ) IV and V elements as the mechanism of  
methicillin resistance, and the gene encoding for 
the Panton–Valentine leukocidin (PVL) toxin. 

 Regarding the main pathogens isolated from 
SSTIs, data from the SENTRY Program, which 
includes 5800 consecutive patients admitted to 
hospitals in Canada and 32 states in the USA, show 
that  S. aureus  remains the most common pathogen 
isolated from complicated SSTIs, accounting for 
greater than 40% of  all isolates, with  P. aeruginosa  
being the second most common isolate (11%). 
Between 1998 and 2004, the number of  SSTI path-
ogens resistant to at least one antibiotic increased 
for  S. aureus ,  Enterococcus  spp.,  P. aeruginosa ,  E. coli  
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 The dual HIV/TB epidemic represents a challenge 
for industrialized and developing countries and is a 
major problem for people living with HIV in 
resource-constrained settings. Therefore, the WHO 
has recommended 12 collaborative TB/HIV activi-
ties as part of  core HIV and TB prevention, care and 
treatment services. They include interventions that 
reduce the morbidity and mortality from TB in 
people living with HIV, such as the provision of  
antiretroviral therapy and the “Three Is” for HIV/
TB: intensifi ed case fi nding of  TB, isoniazid preven-
tive therapy and infection control for TB  [103, 110, 
111]  (Table  1.3 ). 

  Finally, providing good HIV care for HIV-infected 
people who develop TB represents a fundamental 
element in the management of  TB/HIV patients. 
Provider-initiated HIV testing and counseling, 
co-trimoxazole preventive therapy and antiretrovi-
rals should be regarded as the basic standard of  
care and yet gaps in implementation remain large. 
About 40% of  all patients with TB are not tested for 
HIV and a large proportion with HIV infection and 
TB lack access to co-trimoxazole preventive therapy 
and antiretroviral therapy  [102,112,113] . 

that DOTS alone could not contain the epidemic 
 [100] . Immediately in many African countries TB 
became the leading cause of  death in adults with 
HIV infection  [101]  and TB was recognized world-
wide as one of  the commonest causes of  morbidity 
in the course of  HIV infection. 

 HIV is the strongest risk factor for developing 
TB disease in those with existing or newly acquired 
 M. tuberculosis  infection. The risk of  developing 
TB is between 20 and 37 times greater in people 
living with HIV than amongst those who do not 
have HIV infection. In 2009, of  an estimated 14 
million TB cases globally, 1.6 million were HIV posi-
tive  [102] . TB is responsible for more than a quarter 
of  deaths in people living with HIV. In 2007, 
456 000 deaths occurred in HIV-infected people 
with TB, representing 23% of  the estimated 2 
million deaths from HIV infection for that year 
 [103] . These estimated numbers of  HIV-related TB 
cases and deaths were nearly double those reported 
in previous years, although this is indicative of  
improved data collection rather than a real change 
in epidemiology. 

 The resistance of   M. tuberculosis  to specifi c drugs 
represents another challenge. MDR-TB emerged as 
a clinical entity in the early 1990s after a couple of  
decades of  widespread use of  rifampin. TB rates 
increased fi ve-fold in sub-Saharan Africa during the 
1990s because of  HIV infection, and the lack of  
careful systems of  treatment and prophylaxis led 
to the emergence of  MDR-TB, the rate of  which 
aggressively and exponentially increased in the 
Russian Federation and, later, in areas of  sub-
Saharan Africa with the highest burden of  HIV 
infection  [104,105] . The World Health Organiza-
tion (WHO) detected an increase in the global 
caseload of  MDR-TB from about 274 000 cases in 
2000 to about 500 000 cases in 2007 (5% of  the 
global case burden of  TB)  [102,106,107] . Most 
funding and resources for TB control are diverted to 
MDR-TB, since MDR-TB outcome is poorer than 
that of  drug-sensitive TB  [108] . 

 Moreover, another threat has recently appeared 
with the emergence of  XDR-TB, i.e. TB with resist-
ance, at least, to rifampin and isoniazid, plus any 
fl uoroquinolone and any of  the injectable agents 
(amikacin, kanamycin or capreomycin). XDR-TB is 
more expensive to treat than MDR-TB and out-
comes are poorer, particularly in patients who are 
HIV positive  [109] . 

 Table 1.3        WHO  recommended collaborative activities 
against the dual epidemic of   TB/HIV  

   1.    Establish the mechanisms for collaboration:
   •    Set up a coordinating body for TB/HIV activities 

that is effective at all levels of  the health system 
  •    Conduct surveillance of  HIV prevalence among 

TB patients 
  •    Carry out joint TB/HIV planning for resources, 

capacity building, communication, community 
participation and operational research 

  •    Conduct monitoring and evaluation   
  2.    Decrease the burden of  tuberculosis in people 

living with HIV/AIDS
   •    Establish intensifi ed tuberculosis case fi nding 
  •    Introduce isoniazid preventive therapy 
  •    Ensure TB infection control in the healthcare 

setting and in congregation settings   
  3.    Decrease the burden of  HIV in patients with TB

   •    Provide HIV testing and counseling 
  •    Introduce methods to prevent HIV 
  •    Introduce co-trimoxazole prophylaxis 
  •    Ensure HIV/AIDS care and support 
  •    Introduce and provide antiretroviral treatment 

for HIV/TB individuals    

  Modifi ed from Harries  et al .  [103]  and WHO  [111] .  
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