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PJI
Fact

Infection is 
on the rise



0

20

40

60

80

100

120

140

160

180

200

19
8

2

19
8

3

19
8

4

19
8

5

19
8

6

19
8

7

19
8

8

19
8

9

19
9

0

19
9

1

19
9

2

19
9

3

19
9

4

19
9

5

19
9

6

19
9

7

19
9

8

19
9

9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

10

2
0

11

2
0

12

2
0

13

2
0

14

Pubmed Publications for PJI by Year

Obtained using the keyword “periprosthetic joint infection”



PJI
Fact

High morbidity







PJI
Fact

Infection 
kills



◼ PJI is an independent predictor of 
mortality. 

◼ When adjusting for confounders, PJI is 

associated with a 4x increased odds of one-

year mortality compared to aseptic revision. 

Zmistowski B et al JBJS 2013

Rothman Study



PJI worse than Some 
Cancers



What is New?

Prevention 
is a bundle
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• According to the CDC’s conceptual formula 

for SSI Risk, SSIs are impacted by the 

number of microbes that contaminate an 

incision during surgery1

Source: CDC

Risk of Infection
Conceptual Formula

• The skin can contain over 1,000,000 bacteria per sq cm  2

• It can take as few as 10 microbes per sq cm* to cause a surgical site infection3

If we can reduce the number of microorganisms, we can reduce the risk 
of infection

*
1.  CDC Guideline For Prevention Of Surgical Site Infection, 1999 http://www.cdc.gov/ncidod/dhqp/gl_surgicalsite.html
2. Percival SL, Emanuel C, Cutting KF, Williams DW. Microbiology of the skin and the role of biofilms in infection. Int Wound J. 2012;9:14-32.
3. Feldman G, et al. Recent advances in the basic sciences: osteoarthritis, infection, degenerative disc disease, tendon repair and inherited skeletal diseases. In: Austin 
MS, Klein GR, ed. Recent Advances in Orthopedics.     Philadelphia, PA Jaypee Medical Inc; 2014: 256. 

• Most surgical site infections are caused by 

contamination of an incision with microbes 

from the patient’s own skin



Surgical Site Infection (SSI)

◼ Prevention is a multi-step approach
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Patient Optimization

◼ Systemic or local infection

◼ Immunosuppressive  state

◼ Uncontrolled Diabetes/hyperglycemia

◼ Chronic disease (anemia, liver, renal, etc.)

◼ Malnutrition

◼ Obesity

◼ Affective disorders

◼ Smoking

◼ Excessive Alcohol consumption

◼ IV drugs/HIV



What is New?

Microbiome 
plays a role



American Society for Microbiology Academy. FAQ: Human 

Microbiome 2014.Retrieved December 08, 2016, from 

https://www.asm.org/images/stories/documents/FAQ_Human_

37 Trillion 
Human Cells 
100 Trillion 

Microbial Cells 

Kinds of cells 
in the … Hum

an
Bact
erial

Microbiome



Symbiosis
The Story of Commensalism

1877: Heinrich Anton de Bary



Dysbiosis
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Shoulder microbiome



Hip vs. Knee Microbiome: 
99% overlap in composition



No injection vs. Prior injection
Acinetobacter enrichment (p<0.001)



Diana Fernández-Rodríguez1,2; Colin M. Baker1; Saad Tarabichi1; Emma E. Johnson1; 

Michael G. Ciccotti1; Javad Parvizi1

1 Rothman Orthopaedic Institute, Philadelphia, Pennsylvania, USA 

2 Plan de Estudios Combinados en Medicina (PECEM) MD/PhD, Facultad de Medicina, Universidad Nacional Autónoma de México, Mexico City, Mexico.

Human Knee Has A Distinct Microbiome: 

Implications for Periprosthetic Joint Infection



Understanding Infection
Microbiome

◼ All knees with OA have a microbiome

◼ OA knee has different microbiome than non-
OA knee

◼ Profile of organisms in PJI joint is similar to 
contralateral non-infected knee



Pre and Probiotics



Treating Infection
Microbiome Manipulation



What is New?

Epithelial barrier 
of GI tract is 

important



Osteoarthritis and 
Microbiome



Microbiome and Genetics





Trojan-Horse 
hypothesis?



Trojan-Horse 
hypothesis?



Does it happen?



Microbiome:
Organ Chip technology





Helicobacter pylori

Press Release

3 October 2005

The Nobel Assembly at Karolinska Institutet has today 

decided to award  The Nobel Prize in Physiology or Medicine 

for 2005 jointly to

Barry J. Marshall and J. Robin Warren

for their discovery of "the bacterium Helicobacter pylori and 

its role in gastritis and peptic ulcer disease"

http://www.nobelprize.org/redirect/links_out/prizeawarder.php?from=/nobel_prizes/medicine/laureates/2005/press.html&object=ki&to=http://nobelprizemedicine.org
http://www.nobelprize.org/redirect/links_out/prizeawarder.php?from=/nobel_prizes/medicine/laureates/2005/press.html&object=ki&to=http://nobelprizemedicine.org
http://www.nobelprize.org/redirect/links_out/prizeawarder.php?from=/nobel_prizes/medicine/laureates/2005/press.html&object=ki&to=http://nobelprizemedicine.org


Osteoarthritis and 
Microbiome



Osteoarthritis and 
Microbiome



What is New?

Diagnosis



◼No test with 
absolute accuracy 
exists

◼i.e. no gold standard

The Problem



Definition of PJI 



2018 Definition of PJI

◼ Evidence-Based

◼Validated (multi-instituional 
data)

◼Pretest-probability

◼Step-wise approach

◼Preoperative diagnosis is 
possible

• Parvizi J .  et al. JOA May 2018



Results



Validation results of the “2018” definition of PJI 

compared to the original MSIS/ICM criteria

*

2018 Definition of PJI



Increasing knowledge 
has led to many 

official diagnostic recommendations

Background

MSISIDSA AAOS ICM



Opportunities in 
Management of PJI

Era of Biomarkers 
is here



Molecular Markers
Protein Analysis

Category Proteins

Cytokines IL-1α, IL-1β, IL1ra, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, 
IL-12 subunit p40, IL-12 subunit p70, IL-15, IL-17, IL-23, IFN-γ, 
TNF-α, TNF-β, TNF receptor-like 2

Adhesion Molecules ICAM-1, Vascular Cell Adhesion

Growth Factors VEG-F, BDNF

Acute-phase reactants CRP

Complement cascade Complement C3, α-2 macroglobulin, Beta-2-Microglobulin, von 
Willebrand Factor, Fibrinogen, Factor VII 

Chemotactic proteins Monocyte Chemotactic Protein 1, Eotaxin-1

Metalloproteinase 
compounds

MMP-2, MMP-3, MMP-9, TIMP-1

Lysis/Destruction Alpha-1-Antitrypsin, Granulocyte-Macrophage Colony-
Stimulating Factor, Macrophage Inflammatory Protein-1 alpha 
Macrophage Inflammatory Protein-1 beta 

Other Ferritin, Haptoglobin, Stem Cell Factor, T-Cell-Specific Protein, 
RANTES, Molecule-1, Vitamin D-Binding Protein 



Synovial CRP- 2011



C-Reactive Protein (CRP)
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Diagnosis of PJI

Simple Test

◼ UA strips for leukocyte esterase 



2014

95 Patients
43 Biomarkers Screened

MSIS definition of PJI

Alpha-Defensin

Specificity
100% (95–100)

 

Sensitivity
100% (88–100)



What is New?

Alpha Defensin is 
not needed 
routinely











What is New?

Serum biomarkers for 
diagnosis and timing 

of reimplantation



Biomarker Screen

Biomarkers Failing PrescreenBiomarkers Passing Prescreen
• IL-1b

• IL-6

• IL-8

• TNFa

• G-CSF

• IL-1a

• VEGF

• IP-10

• BFGF (aka 
FGF2)

• CRP

• a2M

• SKALP

• Alpha-2 MG

• Lactoferrin

• Lipocalin-
2/NGAL

• Neutrophil 
Elastase-2 
(ELA2)

• Resistin

• Thrombospondi
n-1 (TSP-1)

• HNP1-3,
• BPI

• D-dimer

• Fibrinogen

45 Markers 
Screened

• PCT

• TGFa

• LL-37, Human, 
ELISA kit

• LBP

• CGRP

• Orsomucoid

• Nibrin

• TSG6

• Plekstrin

• SOD2

• Urokinase

• MIF

• PAI-1 (total)

• sFas

• sFasL

• sICAM-1

• sVCAM-1

• Granzyme B

• HSP70

• IL-1α 

• IL-10

• IL-17

• MIP-1α 

• MIP-1β 

• MMP-8



D-dimer Story



What is New?

Detection of PJI 
pathogen from 
blood/serum



Direct Detection of Bacteria 
in Synvoial Fluid



◼ Ability to isolate organisms from blood 
(2/ml)

Blood Tests







What is New?

Molecular Techniques 
for Culture Negative 

infections



• Koch- 1886

• Anthrax

• Little has changed





• NGS detects many uropathogens 

that MSU misses







Multicenter study: 
Microbiome of OA



• Prospective Study

• 65 Revisions (17 Primary joints)

• 28 PJI cases

• Culture positive in 60%

• NGS isolated organism in 89%
• 11 Culture negative (NGS isolated organism in 9 cases)



• PJI (and others 

infections) may be 

polymicrobial…

……..



Bonnie Bassler

Bacteria Can Talk



• Signal that NGS 

isolated organisms 

(ignored)  may result 

in later failure



◼Treatment

Management of PJI



Surgical Treatment
Acute PJI

◼ Irrigation and 
debridement

◼One –stage exchange

◼Two-stage exchange



I&D for Methicillin 
Resistant Organisms

◼ Success rates:
           37%                     our experience

           17%              Salgado et al, CORR 2007

             29%           Barberán et al, Am J Med 2006
             11%                 Kilgus et al, CORR 2002

◼ Average success rate:

24%



Irrigation and 
Debridement is 
technique dependent

Surgical Treatment
Acute PJI



◼ Repeat I and D 
(Tom Fehring)

◼ Chemical and 
mechanical 
debridement

Surgical Treatment
Acute PJI



◼ Intraosseous 
delivery of 
antibiotics

Surgical Treatment
Local ABX



What is New?

One Stage Exchange is 
gaining popularity



• One stage exchange 
arthroplasty initially described 
by Bucholz in 70’s

• Classically, procedure done with 
use of antibiotic laden bone 
cement

• Cementless fixation is the 
preferred technique for THA/rev 
THA in the USA

• Little has been published on the 
cementless technique for one 
stage exchange arthroplasty

One-Stage Exchange



One stage vs Two Stage



The primary outcome :

• pain, stiffness, and functional 

limitations (WOMAC)

Secondary outcomes

•Complications

•Recurrent infection

•Cost effectiveness 







£36 256 versus £46 312

a cost difference of – £10 055 



What is New?

Shorter Length of 
Antibiotics



◼ Core Section 

CDC Guidelines for SSI 
Prevention

Antibiotic Prophylaxis
◼ 1E. In Clean-contaminated procedures, do 

not administer additional 
prophylactic antimicrobial agent 
doses after surgical incision is closed in 
the operating room, even in the presence 
of a drain. (Category 1A)(Key Question ) 



Shorter Duration of Abx



One vs Three

◼Multicenter study

◼Duke Team (>2000 patients)

◼Please consider joining the study



Oral vs IV Abx

◼Multicenter study

◼Rothman (25 patients)



What is New?

Alternative Treatment 
is emerging



Opportunities in 
Management of PJI

Biofilm Disruption 
Technologies

Int. J. Mol. Sci. 2013, 14, 18488-18501; doi:10.3390/ijms140918488 
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Novel Strategies for the Prevention and Treatment of Biofilm 

Related Infections 
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Abstract: Biofilm formation by human bacterial pathogens on implanted medical devices 

causes major morbidity and mortality among patients, and leads to billions of dollars in 

healthcare cost. Biofilm is a complex bacterial community that is highly resistant to 

antibiotics and human immunity. As a result, novel therapeutic solutions other than the 

conventional antibiotic therapies are in urgent need. In this review, we will discuss the 

recent research in discovery of alternative approaches to prevent or treat biofilms. Current 

anti-biofilm technologies could be divided into two groups. The first group focuses on 

targeting the biofilm forming process of bacteria based on our understanding of the 

molecular mechanism of biofilm formation. Small molecules and enzymes have been 

developed to inhibit or disrupt biofilm formation. Another group of anti-biofilm 

technologies focuses on modifying the biomaterials used in medical devices to make them 

resistant to biofilm formation. While these novel anti-biofilm approaches are still in 

nascent phases of development, efforts devoted to these technologies could eventually lead 

to anti-biofilm therapies that are superior to the current antibiotic treatment. 

Keywords: biofilm; antimicrobial; small molecule; biomaterial 
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Antimicrobial Peptides



Use Nature to Fight 
Nature

◼ Staphylococcus lugdunensis produce 
lugdunin (a thiazolidine-cyclic peptide) 
that inhibits S aureus colonization of nares



Surface Modification





New Antibiotics

• Target-sensors

• Akin to cancer therapy

• Receptor “switch”



Probiotics



◼ Virus injecting DNA into bacteria

◼ Specific to the strain of bacterium

◼ Harmless to host and other bacteria

Bacteriophage



◼ Fredrick Twort 1915

◼ 1940s Eli Lilly– USA

◼ Military use- very effective

◼ Discovery of Penicillin

◼ Abandoned Phage

◼ Russia, Georgia and Poland

Phage Therapy



Courtesy of Dr Vincent Fischetti, Rockefeller University, NY
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