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Abstract: Infectious disease management essentially consists in identifying the microbial 
cause(s) of an infection, initiating if necessary antimicrobial therapy against microbes, and 
controlling host reactions to infection. In clinical microbiology, the turnaround time of the 
diagnostic cycle (>24 hours) often leads to unnecessary suffering and deaths; approaches to 
relieve this burden include rapid diagnostic procedures and more efficient transmission or 
interpretation of molecular microbiology results. Although rapid nucleic acid-based 
diagnostic testing has demonstrated that it can impact on the transmission of hospital-
acquired infections, we believe that such life-saving procedures should be performed closer 
to the patient, in dedicated 24/7 laboratories of healthcare institutions, or ideally at point of 
care. While personalized medicine generally aims at interrogating the genomic information 
of a patient, drug metabolism polymorphisms, for example, to guide drug choice and 
dosage, personalized medicine concepts are applicable in infectious diseases for the (rapid) 
identification of a disease-causing microbe and determination of its antimicrobial 
resistance profile, to guide an appropriate antimicrobial treatment for the proper 
management of the patient. The implementation of point-of-care testing for infectious 
diseases will require acceptance by medical authorities, new technological and 
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communication platforms, as well as reimbursement practices such that time- and  
life-saving procedures become available to the largest number of patients. 

Keywords: infectious diseases; molecular diagnostics; point-of-care; personalized 
medicine 

 

1. Introduction 

Despite significant advances in sanitation and medicine, infectious diseases still annually claim in 
excess of 15 million lives. In the 20th century, antimicrobial therapy has provided medicine with 
powerful tools to combat infectious diseases, but the promises of antimicrobial agents have been 
hampered by the development of resistance and more recently, of multiple resistance to widely used 
drugs, induced by an overutilization of broad-spectrum antibiotics and complicated by the drought in 
the antimicrobial drug pipeline [1–6]. Today, as in the times of Louis Pasteur, the identification of a 
microbe causing an infection may still require 2–3 days since the penetrance of rapid molecular 
diagnostics has been limited by a number of factors, such as cost and cultural resistance. This lack of 
speed in clinical microbiology has led to empirical therapy practices to which the emergence of super-
resistant microbes can be attributed for the most part. Other confounding factors contributing to the 
evolution and dissemination of emerging and multiresistant pathogens on the global scale have been 
identified by Morens et al. [7].  

2. Personalized Medicine for Infectious Diseases? 

Personalized medicine is generally described as a discipline that relies on the genomic information 
of an individual to guide the prescription of an appropriate therapeutic regimen in perspective with 
her/his anticipated response to a particular drug or combination of drugs i.e., to provide the right drug, 
at the right dosage, to the right patient. Traditionally, personalized medicine concepts and strategies 
have focused on the management of genetic diseases or chronic disorders where polymorphisms in 
genes controlling Phase 1 and/or Phase 2 drug metabolism are interpreted rationally against growing 
databases of known pharmacological interactions between drugs and proteins with altered function(s), 
to guide drug prescription and dosage [8–11]. Increasing knowledge in pharmacogenetics is used to 
develop companion diagnostics based on the determination of other clinically-relevant biomarkers, 
oncogenes or viral receptors for examples. 

Infectious diseases are rarely considered as model applications of personalized medicine, as 
evidenced in the document The Case for Personalized Medicine [11] in which very few of listed 
theranostic tests address infectious diseases. However, this perception is slowly changing as the utility 
of biomarkers linked to the immune response, infectious disease susceptibility, host-microbiota 
interactions, or hypersensitivity to antimicrobial drug treatment is being demonstrated [10,12]. 
Personalized medicine for infectious diseases possesses obvious advantages to orient the molecular 
management of infections. Indeed, the application of a personalized medicine approach could be 
envisioned as a bimodal process aiming at deciphering clinically-relevant genomic components of the 
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disease-associated pathogen(s) and of the patient, to select and optimize the course of treatment of 
acute life-threatening diseases. First and foremost, molecular microbiology offers technologies 
enabling the rapid detection and/or identification of microorganisms including fastidious and 
unculturable pathogens, crucial information that a physician can readily exploit to orient the first 
(critical) hours of a patient's therapeutic regimen and significantly accelerate the management of the 
infection [4,13–15]. Upon phenotypic or genotypic determination of the drug resistance or toxin 
production potential by other (conventional) means, therapeutic option(s) could be re-evaluated but, 
for a large number of cases, the time-effectiveness of the molecular microbiology intervention will 
have already increased the chances of survival of the patient. The accurate determination of 
antimicrobial susceptibility patterns will still rely on phenotypic methods but, while the genotypic 
determination of the antimicrobial resistance potential of Gram-positive pathogens (e.g., methicillin or 
vancomycin) may offer more opportunity for yielding fast results, the strategy applicable to Gram-
negative bacteria is complicated by the higher variety of resistance mechanisms and the genetic drift of 
resistance gene alleles that limit the spectrum of antibiotic options. In parallel, the determination of the 
pharmacogenetic profile of the patient may provide an additional assessment of the drug metabolizer 
phenotype and/or of the risk of potential adverse drug interactions [1], while the determination of the 
immunogenetic profile of the patient could be used to evaluate her/his susceptibility to  
infection [16,17].  

A good example of an integrated personalized medicine strategy addresses the rapid detection of 
Streptococcus agalactiae in parturient women with the BD GeneOhm™ StrepB test where a positive 
test provides the physician with the indication to initiate an appropriate antibiotic regimen prior to 
baby delivery in order to prevent neonatal infections [18]. In the clinical microbiology market, this 
real-time polymerase chain reaction (rtPCR) assay was followed by several other BD GeneOhm™ 
tests, initially developed by our group, for the rapid diagnostics of hospital-acquired infections 
associated to methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci 
(VRE), and Clostridium difficile. It has been shown that these tests have saved lives, decreased the 
spread of these infections, and reduced healthcare costs [19–26]. 

Although not identified as such, personalized medicine has also been driving the management of 
HIV/AIDS since 2001, in the form of the TruGene™ (Siemens Healthcare Diagnostics) or ViroSeq™ 
(Abbott Molecular) nucleotide sequencing tests that are used to adjust the antiviral treatment of  
HIV-seropositive and AIDS patients according to the genotype of the virus circulating at the time of 
testing, upon interrogation of a database of known antiviral drug resistance mutations [27].  

There is also evidence suggesting that the management of tuberculosis could be dictated by an 
integrated personalized medicine approach taking into account genetic information from both the 
microbe and the infected individual, to better exploit the potential of molecular diagnostics. For 
example, while the recently introduced Xpert® MTB/RIF test (Cepheid) can provide rapid 
Mycobacterium tuberculosis identification and primary assessment of the drug multiresistance  
profile [28,29], it has been suggested that the N-acetyltransferase 2 genotype of the patient may be 
used to determine her/his pharmacogenetic profile, to guide the isoniazid dosage, and limit drug  
hepatotoxicity [11,30–32]. Finally, the genotyping of several immunogenetic targets could provide 
additional information on human susceptibility to infection and disease severity [33].  
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3. Infectious Disease Management in the Molecular Medicine Era—Shortening the Diagnostic 
Cycle 

In the healthcare system, the arrival of a febrile, potentially infected, patient initiates a diagnostic 
cycle consisting of several time-consuming steps (see Figure 1). While with classical phenotypic 
microbiology identification methods, it is accepted that the time to perform the analytical phase of the 
cycle is the most important temporal limitation, there are also important delays associated with the pre- 
and post-analytical phases such as sample transport, batching practices, and result transmission which 
inherently augment the turnaround time [34,35].  

Figure 1. Personalized medicine in infectious disease management. The implementation of 
rapid point-of-care (POC) microbiology shall decrease the length of the diagnostic cycle in 
order to accelerate infectious disease management. 

 

One of the rationales for implementing rapid molecular microbiology in clinical settings is to 
compensate for the extended period of time, i.e., at least 24 hours that is required by culture-based 
microbiology to deliver a putative microbe identification, such as a positive blood culture Gram stain 
result which may be sufficient to initiate an empirical therapy before identification confirmation and 
phenotypic information about antimicrobial susceptibility are obtained. In many instances, experience-
based empiric management gives good results, but on the downside, if the choice of antibiotherapy is 
inappropriate or the treatment is initiated too late, the outcome is often treatment failure [3,4,36,37]. 
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The empiric management of infections is a clinical practice recognized to have induced an overuse of 
broad-spectrum antibiotics that (1) increased the selective pressure on microorganisms which in return 
evolved and/or transmitted antimicrobial resistance mechanisms and genes that threaten the efficiency 
of the last weapons available to combat "superbugs" such as vancomycin, (2) contributed to the 
emergence of drug-resistant hospital-acquired infections which unnecessarily claim hundreds of 
thousands of lives annually, and (3) are responsible for severe complications like allergy or disturbance 
of the normal microbiota. For example, it was shown that 89% of patients with laboratory-confirmed 
flu diagnostics had received unnecessary (and not effective) antibacterial therapy upon admission in a 
Canadian hospital [38].  

In the daily practice of medicine, if the result of a microbial identification test performed on a very 
symptomatic patient would be available within an hour or two, the physician would dispose of highly 
useful information to initiate an appropriate therapy. In addition to speed, another major advantage of 
molecular microbiology over classical microbiology lies in its capacity to detect fastidious or 
unculturable microorganisms [15], and to determine if the patient is fighting a polymicrobial  
infection [39–41].  

In this context, the main cultural challenge to overcome is the time required to complete the 
diagnostic cycle (Figure 1). Shortening the diagnostic cycle to less than 2 hours, ideally between 30 to 
60 minutes, could be realized through the implementation of more rapid (molecular) diagnostic tests 
performed closer to the patient, ideally at bedside. It is anticipated that point-of-care (POC) infectious 
diseases diagnostics will be eventually feasible using simple sample-to-answer instruments 
incorporating the most critical steps of a molecular diagnostic method, to provide specific and sensitive 
answers with minimal delays [42]. Awaiting these revolutionary miniaturized personalized healthcare 
tools, we believe that near POC laboratories should be equipped and certified to offer a comprehensive 
menu of commercially-available molecular diagnostics tests in hospital departments where the impact 
and cost-effectiveness will be greater, or in (private) medical clinics. A proof of concept of this 
operational change in culture is being realized in Marseille, France [43,44].  

Nucleic acid-based tests and molecular microbiology methods amenable to near POC for infectious 
disease management come in different methodological configurations requiring relatively high 
technical skills which may impose a higher level of procedural and physical confinement. Real-time 
PCR was the first technology approved for clinical microbiology testing that enabled microbial 
detection and/or identification in less than 1 hour directly from a clinical sample [18,45]. With the 
number of tests currently approved by the U.S. Food and Drug Administration (FDA) for in vitro 
diagnostics [46], this technology should be offered at near POC to demonstrate its potential impact on 
disease management. In the case of the GeneXpert™ technology, the reduction in the number of 
technical steps required for performing rtPCR in an integrated cartridge was certainly critical to the 
FDA approval and to the moderate complexity status (under CLIA) of the instrument, thereby opening 
a breach in conventional clinical microbiology testing for more complex but less labor-intensive 
sample-to-answer diagnostic systems such as the BD MAX™ System of BD Diagnostics  
GeneOhm [47]. On the other hand, the clinical utility of the xTAG® tridimensional array 
multiparametric detection platform of Luminex Molecular Diagnostics [48] was probably raised as a 
critical element for its regulatory approval by the FDA, despite the methodological complexity of 
performing an independent multiplex PCR amplification before molecular hybridization [49–52].  
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More recently, two other technologies, less compact but possibly implantable in near POC 
laboratories have emerged in infectious diseases molecular diagnostics: 1° mass spectrometry capable 
of delivering post-blood culture microbial identification in a matter of minutes [53–56], and 2°  
next-generation sequencing that demonstrated its usefulness during the 2011 Germany Escherichia coli 
O104 outbreak associated to contaminated foodstuff [57]. Despite their power of analysis,  
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry and  
next-generation sequencing must be performed mainly on cultures, thus delaying the diagnostic cycle 
by at least 18–24 hours. However, microbial identification directly from clinical sample has been 
demonstrated by the electrospray ionization mass spectrometry of broad range PCR amplicons  
(PCR-ESI) [53,58]. 

Theoretically, a reduction in the number of human interventions and physical proximity shall 
accelerate the availability of results, thereby leading to shorter turnaround time and more effective 
infectious disease management. The cost-effectiveness of near POC diagnostics will require further 
health economics studies, but when one takes into consideration that the cost of a complicated sepsis 
case can exceed 500,000 USD [59], we sincerely believe that investing in qualified staff, laboratory 
upgrade, and multiparametric detection technologies are worth it, especially for the management of 
life-threatening infections, neonatal infections, and those of immunocompromised individuals, 
especially in the context that many infections might be polymicrobial [39–41]. Healthcare 
organizations that are not ready to invest in diagnostic technologies enabling microbial detection 
directly from clinical samples should possibly consider investing in MALDI-TOF since rapid and 
accurate microbial identification from primary culture may also contribute to an accelerated and cost-
effective management of infected patients.  

4. Molecular Tools for POC or near POC Diagnostics of Infectious Diseases 

Point-of-care testing can be defined as patient specimens assayed at or near the patient with the 
assumption that test results will be available instantly or in a very short timeframe to assist caregivers 
with immediate diagnosis and/or clinical intervention [60]. This definition clearly indicates that 
distance and time are essential features onto which technology experts and healthcare system 
authorities should focus to shorten the diagnostic cycle and make molecular POC testing a reality. 
Bedside testing might constitute the ultimate goal, but the development of near POC laboratories 
would certainly shorten the diagnostic cycle and increase the efficacy of infectious diseases 
management by improving access to highly efficient nucleic acid-based tests. 

The current market for infectious diseases POC testing is dominated by rapid microscopy or 
immunological diagnostic tests that can be realized outside clinical laboratories, but often lack in 
sensitivity and/or specificity [61–67]; a regularly updated list of Clinical Laboratory Improvement 
Amendments (CLIA)-waived tests can be downloaded from the Internet [68]. Procalcitonin, a 
promising biomarker that is used in clinical practice in some countries, provides indications of the 
presence and severity of bacterial infections such as community-acquired pneumonia and sepsis 
[69,70]. Although not specific and despite some contradictory reports regarding its accuracy and 
usefulness as a sepsis diagnostic marker, the suggestion that procalcitonin serum levels could be used 
as an antimicrobial stewardship tool has been made [69,70]. So far, not a single nucleic acid-based true 
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POC test has reached the (CLIA-waived) clinical microbiology market [64,68,71] although major 
efforts are undertaken to circumvent the formidable challenge of developing user-friendly platforms 
capable of detecting microbial pathogens present in low concentrations in putatively infected 
samples... with the simplicity of a pregnancy or personal glucose test. 

In the last ten years, many nucleic acid-based tests have been approved for clinical diagnostics by 
the FDA [46] after the demonstration of their equivalence to and/or superiority over gold standard 
methods, with respect to analytical performance (sensitivity and specificity) and predictive values; 
speed not always being a decisive factor in determining the clinical utility of a test. The preferred 
platform is rtPCR, a technology operating in a closed vessel format that virtually eliminates  
cross-contamination of laboratory space by amplification products, but limited by the number of 
targets it can simultaneously detect. In the current philosophy (or art) of infectious disease 
management, rtPCR provides a very good platform for the detection of a pathogen in less than two 
hours, if it is specifically suspected by the treating physician. Under CLIA regulations, instruments for 
performing nucleic acid-based tests have been given either moderate- or high-complexity status, thus 
precluding their use at POC, since the nature and number of technical steps, and system maintenance 
and troubleshooting require more qualified staff [67]. To alleviate some of the instrumental burden of 
thermal cycling, significant advances in isothermal amplification procedures have been  
demonstrated [67], but to achieve efficient detection, sample preparation must be done externally or at 
the same temperature thereby complicating this important procedural step. 

Notwithstanding the fact that molecular diagnostic assays must be analytically and clinically 
equivalent or superior to gold standard procedures, the implementation of true molecular POC testing 
for infectious diseases will necessitate a major change in culture such that diagnostic interpretation, 
therapeutic management decision(s), and antimicrobial treatment (prescription) could be delegated to 
medical staff other than microbiologists and clinicians. However, envisaging near POC testing in 
decentralized laboratories of hospitals (intensive care units, pediatrics department, etc.) or parallel 
healthcare (medical clinics, pharmacies, nursing homes, etc.) is an approach which could ensure that 
diagnostic results be returned to the test requestor as quickly as possible, ideally within 1–2 hours,  
i.e., before a potentially late or wrong clinical management decision would have been  
taken [34,43,44,62,72,73].  

In light of the (FDA) regulatory approval constraints, most in vitro diagnostic tests target a limited 
number of microbes. However, it must be highlighted that several syndromic infections such as 
bloodstream, respiratory, or urinary tract infections are potentially caused by a large spectrum of viruses, 
bacteria, fungi or parasites, and seldom polymicrobial [39–41]. The management of these infections can 
be accelerated by multiparametric detection platforms, such as xTAG® of Luminex Molecular 
Diagnostics [48] or the eSensor® respiratory viral panel of GenMark Diagnostics [74] that can interrogate 
a sample for the presence of a disease-causing microorganism known to be part of a syndrome-associated 
microbial panel, instead of performing multiple tests which would increase the cost. Microarray 
hybridization is considered to be a cost-effective platform with a good probability of success in 
multiparametric detection. Performing this type of bioanalysis implies that nucleic acids extracted or 
purified from microbial targets must be amplified, and perhaps, labeled externally before amplification 
products are hybridized to a bidimensional (microchip) or tridimensional (beads) array of capture probes. 
Array scanning or imaging is used to decipher the microbial content of the sample [50,53,75–77].  
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Multiparametric detection platforms can accomplish what they are intended for as long as extremely 
important issues dealing with the preparation of microbial nucleic acids from human clinical samples 
and molecular contamination of the sample or of the testing environment are taken into account: 

(1) sample preparation shall enable the concentration of microbes and/or the recovery of 
intracellular pathogens. Indeed, achieving this should prevent the detection of (soluble) DNA 
liberated by dead or damaged pathogens exposed to antibiotics and improve the probability of 
detection of a microbial target against a lesser background of human DNA. The significance of 
microbial DNAemia is seldom raised against the utilization of PCR in clinical microbiology 
but, for the management of life-threatening infections, we concur with Bauer and Reinhart [78] 
in the sense that "... presence of a pathogen-associated DNA amplicon is a meaningful event in 
severe sepsis and warrants further investigation as to its suitability to guide anti-infective 
therapy". Alternatively, DNA from dead cells could be inactivated by compounds such as 
EMA or PMA (ethidium or propidium monoazide) [79]. However, EMA can penetrate the 
membrane of viable cells, EMA uptake is species-dependent, and there are drawbacks with 
PMA utilization [80]; 

(2) the recovery of pathogens and nucleic acid extraction from a relatively large sample volume, 
for example 1 to 30 mL in the case of neonatal or human bloodstream infections is a major 
challenge that might require some external sample pretreatment, in order to deliver a 
concentrated subsample containing the target analyte(s) more easily subjected to the 
amplification and detection processes;  

(3) nucleic acid extraction or purification must enable the removal of PCR inhibitors known to 
hinder the performance of enzymatic components, and;  

(4) strict precautions to control the cross-contamination of personnel and equipment by 
amplification products that would negatively affect the performance and clinical validity of  
the test. 

The introduction of multiparametric detection platforms in in vitro diagnostics shall pave the way to 
stat molecular diagnostic tests performed by minimally-trained medical staff or dedicated technical 
staff with user-friendly compact automatic diagnostic systems operated at near POC, as soon as a 
sample is submitted for analysis [16,34,43,44,81–83]. Conceptually, these sample-to-answer 
automated systems shall be designed to accept a biologically significant clinical sample, proceed to the 
extraction/purification of specific analytes, and perform a certain number of bioanalytical steps, e.g., 
PCR amplification and/or microarray hybridization, to reveal the presence and/or determine the 
concentration of a specific microbial (genomic) target. In the clinical microbiology market, examples 
of automated fluidic systems accommodating a large number of clinical in vitro diagnostics tests 
comprising sample preparation and molecular amplification by rtPCR include the GeneXpert™ system 
of Cepheid [28] and the recently approved BD MAX™ of BD Diagnostics  
GeneOhm [16,47,67,81,84]. While the former system has been developed for near POC applications 
by proposing tests from relatively simple samples (swabs or swab contents in elution buffer), the latter 
platform offers more flexibility due to its capacity for the extraction and purification of nucleic acids 
from more complex biological samples. However, both systems are limited by the volume of crude 
sample that can be handled efficiently, thereby imposing some sample pre-treatment (microbial 
concentration, removal of human cells, etc.) before loading in the instrument. 
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Microfluidics is a relatively adaptable technology that has provided analytical (bio)chemistry with 
miniaturized devices capable of streamlining analytical processes. To accede to the near POC status, 
we believe that the next generation of diagnostic instruments will drive sample-to-answer devices 
bearing modules enabling sample pre-treatment, preparation, nucleic acid extraction, and microarray 
hybridization with or without molecular amplification of microbial genomic targets. The requirements 
for future miniaturized lab-on-a-chip platforms operating at near POC impose the integration of many 
technical steps typically performed in clinical laboratories, such that a diagnostic result is provided 
hopefully within 1 hour after sampling [45,82,86–92]. This task will not be trivial, as there are 
numerous ways to combine microfluidic components and strategies to address the requirements for 
near POC testing: 1° rapid prototyping and (mass) microfabrication [92,93], 2° microfluidic circuitry, 
pumping, and valving [94–97], 3° sample preparation and cellular lysis schemes leading to extraction, 
concentration and/or purification of nucleic acids [98–103], and 4° molecular (isothermal) 
amplification and/or molecular hybridization [104–109]. Especially for the management of infectious 
syndromes at near POC, technology developers must deal with the challenging engineering tasks of (1) 
handling biochemically complex samples with relatively large volume (1–30 mL), (2) reducing the 
sample volume by analyte concentration or purification, and (3) integrating mechanical, thermal, and 
optical detection processes, to ensure an adequate analytical sensitivity, clinical validity, and user-
friendliness of the test. In addition, research efforts should also be devoted to the development of 
world-to-chip interfaces and automated result reporting, interpretation, and data transmission such that 
the diagnostic cycle is closed as promptly as possible. 

In the last several years, our research group and GenePOC, a young start-up company, have been 
developing integrated microfluidic centripetal device (MCD) technology platforms that are designed to 
encompass most of the abovementioned requirements and to operate at POC. The versatility of the 
MCD technology shall make it applicable not only to nucleic acid-based tests, but also to protein 
biomarker-based methods [45,86,89]. 

5. Applications and Anticipated Impact of POC or near POC Diagnostics of Infectious Diseases 

A greater penetration of rapid molecular diagnostics of infectious diseases in the healthcare system 
of developed and developing countries offers the promises of faster disease management, more 
adequate antimicrobial therapy, better allocation of healthcare human and laboratory resources, and 
less morbidity, mortality, and costs. Depending on the type of healthcare system, the (administrative) 
compartmentalization of healthcare facilities budget practices constitutes a major obstacle to the 
implementation of rapid molecular diagnostics in the sense that assay costs are taken into account 
without considering the mid-to-long term impacts of the technological advance on the health of the 
clientele and the efficiency of the organization. In this era of exploding healthcare costs, the arrival of 
novel technologies and methodological practices cannot be done without thoughtful planning, such that 
the rational choices initially made will serve to demonstrate the cost-effectiveness and clinical 
usefulness and motivate further development within the organization of clinical microbiology and 
infectious disease care. This section comprises examples of clinically-relevant applications of POC or 
near POC molecular diagnostics which may serve to benchmark the personalized medicine of 
infectious diseases. 
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5.1. Hospital-Acquired Infections 

In recent years, hospital-acquired (nosocomial) infections have become a major concern in 
healthcare facilities worldwide, their management being greatly complicated by the emergence of 
resistant and multiresistant Gram-positive (methicillin-resistant S. aureus, vancomycin-resistant 
enterococci, and C. difficile) and Gram-negative (E. coli, Klebsiella pneumoniae, Enterobacter spp., 
Serratia marcescens, Pseudomonas aeruginosa, and Acinetobacter baumanii) pathogens [4]. In the 
United States in Year 2000, it was estimated that 1.7 million individuals acquired an infection in a 
hospital and approximately 100,000 died from it, translating into at least $6.5 billion in healthcare 
expenditures [110]. 

In the case of Gram-negative hospital-acquired pneumonia, Arnold et al. [1] recently addressed the 
timeliness of antimicrobial empiric therapy and the necessity of limiting the likelihood of adverse 
events and drug interactions. Considering the fact that nosocomial pneumonia constitutes the second 
most common infection among hospitalized patients in the United States and that inappropriate initial 
antimicrobial therapy has been associated with decreased survival of patients [111], the application of 
rapid multiparametric molecular diagnostics could be highly significant [51]. 

5.2. Bloodstream Infections and Sepsis 

Bloodstream infections are life-threatening situations for which the critical time window for 
appropriate management is estimated to be less than 6 hours. Indeed, it has been demonstrated that 
every hour gained to initiate an appropriate antimicrobial therapy of febrile patients significantly 
increases the probability of survival [36,112]. Blood culture, the gold standard method, has a very high 
positive predictive value but, in light of the load and culturability state of bacterial and/or fungal 
pathogens, the overall positivity rate for the diagnosis of bloodstream infections is estimated to only 
30–40% [13] and perhaps as low as 20% [78]. In a recent study, Brown and Paladino [113] have 
reviewed the literature pertaining to management of MRSA bacteremia in the United States and 
European Union, especially in the context where PCR is used to guide treatment. The main 
conclusions of this study are that PCR has the potential to reduce MRSA-induced mortality rate, while 
being less costly than the empirical therapy approach. In another comparative study conducted at the 
Ohio State University Medical Center, Bauer et al. [114] have quantified the impact of rtPCR used to 
confirm the presence of MRSA in positive blood cultures: length of stay of patients diagnosed with 
MRSA bacteremia was 6.2 days shorter and the mean hospital costs were $21,387 less per case. The 
cost-effectiveness and positive impact on mortality rate resulting from the management of sepsis by 
rapid molecular diagnostics is also supported by a mathematical prediction model [14]. 

Strategically, performing the detection of MRSA on positive blood cultures is faster than current 
culture-based procedures, but the timeliness of PCR-based detection of MRSA could be even more 
important if detection was achieved directly from blood. In a recent review, three commercially-
available molecular amplification tests theoretically capable of detecting bloodstream pathogens in less 
than 12 hours have been compared, SeptiTest, SeptiFast, and VYOO/LOOXSTER [115]. As the 
authors have pointed out, with respect to procedural elements which lengthen the diagnostic cycle, the 
potential of these tests to accelerate the management of bloodstream infections and better guide 
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antimicrobial therapy is diminished by batching procedures which extend the turnaround time  
to 18 hours at best.  

5.3. Influenza and Severe Respiratory Tract Infections 

The management of influenza is a recurrent annual problem in the healthcare system, as clinical 
symptoms evaluation seldom leads to unnecessary and ineffective antibacterial therapy [38]. In the 
perspective that antiviral treatment is more effective when initiated within 48 hours after symptom 
onset and that nucleic acid-based tests (reverse transcription PCR) are more rapid than culture and 
more sensitive than commercial antigen-based assays, it would be rational to advocate for a  
non-empirical strategy providing the larger benefits. Indeed, while influenza molecular diagnostics 
may provide very timely results and lead to reduced antibiotic use and hospital admissions, an 
empirical antiviral therapy strategy, costing approximately the same as RT-PCR, would result in the 
treatment of 5–15 patients without influenza for each positive case [116]. Other viral respiratory tract 
infections caused by at least 15 different viruses are now being diagnosed through molecular testing 
and, in a recent report, the Infectious Diseases Society of America expressed the need for more rapid 
molecular tests in this clinical field [117]. 

5.4. Other Clinical Indications and Strategic Suggestions for POC or near POC Testing 
Implementation 

To ensure a proper utilization, sustainability, and better penetrance of molecular diagnostics at POC 
or near POC, we believe that decentralized laboratories should offer a highly strategic choice of 
technologies and tests, while we await the arrival of real POC molecular testing. Here are suggestions 
of infrastructures minimally anticipated in healthcare institutions. First, obstetrics wards should offer 
24/7 rapid rtPCR tests (BD GeneOhm™ StrepB or Xpert® GBS) for the detection of S. agalactiae 
(Group B streptococcus) in parturient women, as it has been shown that GBS detection 2–3 weeks 
before delivery has a sensitivity of approximately 50% due to the fact that GBS carrier status of 
women change (negative to positive and the inverse) in the interval. Second, intensive care units and 
pediatrics departments should incorporate in their patient management plan a 24/7 access to  
state-of-the-art molecular microbiology for performing multiparametric rtPCR and/or molecular 
hybridization, directly from clinical samples, for the rapid diagnosis of bloodstream (neonatal) 
infections and complicated respiratory infections. If a near POC molecular microbiology laboratory is 
not considered an option, post-blood culture microbial identification by MALDI-TOF should be 
performed in the clinical microbiology laboratory. Alternatively, and this is more controversial, the 
universal screening of MRSA, VRE, and perhaps C. difficile should be ideally done upon admittance 
into a mid-to-long duration care department, to prevent the dissemination of healthcare-acquired 
infections. The emergency room would be an ideal site for the rapid POC screening of  
hospital-acquired infection pathogens, upper and lower respiratory tract infections, sexually 
transmitted diseases, urogenital infections, and diarrhea, as it would accelerate the flow of patients and 
reduce long waiting hours. Ultimately, simple POC devices and tests will not only be used in hospitals, 
but in large medical clinics, pharmacies, and in remote areas (developed countries). 
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6. Regulatory, Ethical, and Financial Challenges to POC or near POC Testing for Infectious 
Diseases 

In the last ten years, molecular diagnostics has proven to be a transforming discipline in clinical 
microbiology, catalyzed by the regulatory acceptance of rtPCR as the driving technology capable of 
accelerating the management of infectious diseases. In fact, molecular diagnostics is a critical 
component of the emerging concept of "precision medicine" [118,119] and, as in other fields of 
medicine, molecular diagnostic technologies and tests are not expected to replace all conventional 
microbiology procedures. For extreme medical situations like septicemia however, molecular 
diagnostics shall provide complementary tests that will improve patient management and save lives.  

In terms of regulatory approval, we believe that the approval of the Xpert® tests and instruments by 
the U.S. Food and Drug Administration and the moderate-complexity status given under CLIA '88 
regulations constitute major milestones that will have paved the way to other microfluidic systems and 
devices designed for performing molecular microbiology at near POC, especially if equivalence to or 
superiority over gold standard method(s) is demonstrated [73,120–122]. Awaiting the ultimate  
CLIA-waived personalized medicine specific rtPCR-based microfluidic devices which could be 
operated at POC by anyone, even the patient, technology developers shall elaborate very strict 
requirements to enable the approval of multiparametric devices bearing diagnostic microarrays having 
the potential to perform more tests per unit of time and augment the probability of detection of a 
sepsis-associated microbe, for example. For the time being, technology developers should target a 
moderate-complexity status which may enhance the penetration of their instruments and tests in the 
decentralized healthcare market, since nucleic acid-based testing requires minimally trained staff for 
operation [71].  

The acceptance of newer technologies cannot be done without a proper evaluation of the costs. 
Clinical microbiology has the opportunity to literally "renovate" itself and this does not only imply the 
purchase of expensive instruments, the upgrade of laboratories in response to the confinement 
requirements of molecular microbiology, and the daily operation of these infrastructures, but also an 
intellectual "price" imposed by the training of staff. POC devices and tests shall alleviate many of the 
abovementioned obstacles. 

Inasmuch as the personalized medicine management of infectious diseases principally targets the 
genomic components of the pathogen(s), the determination of the pharmacogenetic and/or 
immunogenetic profiles of a patient might provide the physician with additional clues to adequately 
fight an infection, we do not believe that infectious diseases personalized medicine will be hampered 
by the social issues and ethical debate that eventually led to the approval of Genetic Information 
Nondiscrimination Act (GINA) of 2008 by the United States legislative bodies [123–125]. 

7. Conclusions 

In this article, we have presented a personalized medicine model by which patients could greatly 
benefit from improved infectious diseases management practices guided by clinically-relevant 
genomic information extracted from microbes in specialized POC devices and tests done near patients, 
or in near POC laboratories and rapidly relayed to the treating physician, to alleviate time-consuming 
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and error-prone interventions occurring in the pre- and post-analytical phases of clinical  
microbiology testing.  

In this context and in the expectation of real CLIA-waived POC testing, we suggest that healthcare 
systems initiate near POC testing pilot programs proposing a menu of nucleic acid-based tests 
approved by regulatory authorities, to demonstrate the advantages of this "culture without culture" 
changing concept. In addition, feasibility studies should be supported by pharmacoeconomic studies 
for 1° demonstrating the socio-economical potential of the approach to decrease the unnecessary 
morbidity and mortality associated with life-threatening infections for which the empiric management 
and inappropriate antimicrobial therapy often lead to treatment failure with dramatic consequences, 
and 2° accumulating evidence for convincing governing bodies and insurance companies to reimburse 
testing costs [126].  

Finally, and according to the principles of POC testing, we also believe that near POC laboratories 
could also provide a research and validation platform for (showcasing) the next generation of  
simple-to-operate, yet technologically sophisticated, compact microfluidic systems en route to the 
ultimate goal of true point-of-care molecular medicine. 

Conflict of Interest 

Luc Bissonnette declares having no conflict of interest, while M. G. Bergeron is the founder of 
Infectio Diagnostic (IDI) Inc. (now BD Diagnostics GeneOhm) and of GenePOC Inc. of Québec City, 
Canada. 

References  

1. Arnold, A.; Brouse, S.D.; Pitcher, W.D.; Hall, R.G., II. Empiric Therapy for Gram-Negative 
Pathogens in Nosocomial and Health Care-Associated Pneumonia: Starting with the End in 
Mind. J. Intensive Care Med. 2010, 25, 259–270. 

2. Jabes, D. The Antibiotic R&D Pipeline: An Update. Curr. Opin. Microbiol. 2011, 14, 564–569. 
3. Micek, S.T.; Welch, E.C.; Khan, J.; Pervez, M.; Doherty, J.A.; Reichley, R.M.; Hoppe-Bauer, J.; 

Dunne, W.M.; Kollef, M.H. Resistance to Empiric Antimicrobial Treatment Predicts Outcome in 
Severe Sepsis Associated with Gram-Negative Bacteremia. J. Hosp. Med. 2011, 6, 405–410. 

4. Nicolau, D.P. Current Challenges in the Management of the Infected Patient. Curr. Opin. Infect. 
Dis. 2011, 24 (suppl. 1), S1–S10. 

5. Pogue, J.M.; Marchaim, D.; Kaye, D.; Kaye, K.S. Revisiting "Older" Antimicrobials in the Era of 
Multidrug Resistance. Pharmacotherapy 2011, 31, 912–921. 

6. Griffith, M.M.; Gross, A.E.; Sutton, S.H.; Bolon, M.K.; Esterly, J.S.; Patel, J.A.; Postelnick, 
M.J.; Zembower, T.R.; Scheetz, M.H. The Impact of Anti-Infective Drug Shortages on Hospitals 
in the United States: Trends and Causes. Clin. Infect. Dis. 2012, 54, 684–691 

7. Morens, D.M.; Folkers, G.K.; Fauci, A.S. Emerging Infections: a Perpetual Challenge. Lancet 
Infect. Dis. 2008, 8, 710–719. 

8. Abrahams, E.; Ginsburg, G.S.; Silver, M. The Personalized Medicine Coalition. Am. J. 
Pharmacogenomics 2005, 5, 345–355.  

  



J. Pers. Med. 2012, 2                            
 

 

63

9. Ginsburg, G.S.; Willard, H.F. Genomic and Personalized Medicine: Foundations and 
Applications. Transl. Res. 2009, 154, 277–287. 

10. Walk, E.E. Improving the Power of Diagnostics in the Era of Targeted Therapy and Personalized 
Healthcare. Curr. Opin. Drug Discov. Dev. 2010, 13, 226–234. 

11. The Case for Personalized Medicine, 3rd edition; Personalized Medicine Coalition: Washington, 
DC, USA, 2011; Available online: http://www.personalizedmedicinecoalition.org (accessed in 
November 2011). 

12. Chan, I.S.; Ginsburg, G.S. Personalized Medicine: Progress and Promise. Annu. Rev. Genomics 
Hum. Genet. 2011, 12, 217–244. 

13. Klouche, M.; Schröder, U. Rapid Methods for Diagnosis of Bloodstream Infections. Clin. Chem, 
Lab. Med. 2008, 46, 888–908. 

14. Lehmann, L.E.; Herpichboehm, B.; Kost, G.J., Kollef, M.H.; Stüber, F. Cost and Mortality 
Prediction using Polymerase Chain Reaction Pathogen Detection in Sepsis: Evidence from Three 
Observational Trials. Crit. Care 2010, 14, R186. 

15. Olano, J.P.; Walker, D.H. Diagnosing Emerging and Reemerging Infectious Diseases. Arch. 
Pathol. Lab. Med. 2011, 135, 83–91. 

16. Bissonnette, L.; Bergeron, M.G. Next Revolution in the Molecular Theranostics of Infectious 
Diseases: Microfabricated Systems for Personalized Medicine. Expert Rev. Mol. Diagn. 2006, 6, 
433–450. 

17. Millar, B.C.; Xu, J.; Moore, J.E. Molecular Diagnostics of Medically Important Infections. Curr. 
Issues Mol. Biol. 2007, 9, 21–40. 

18. Bergeron, M.G.; Ke, D.; Ménard, C.; Picard, F.J.; Gagnon, M.; Bernier, M.; Ouellette, M.; Roy, 
P.H.; Marcoux, S.; Fraser, W.D. Rapid Detection of Group B Streptococci in Pregnant Women at 
Delivery. N. Engl. J. Med. 2000, 343, 175–179. 

19. Scicchitano, L.M.; Bourbeau, P.P. Comparative Evaluation of the AccuProbe Group B 
Streptococcus Culture Test, the BD GeneOhm Strep B Assay, and Culture for Detection of 
Group B Streptococci in Pregnant Women. J. Clin. Microbiol. 2009, 47, 3021–3023. 

20. Cunningham, R.; Jenks, P.; Northwood, J.; Wallis, M.; Ferguson, S.; Hunt, S. Effect on MRSA 
Transmission of Rapid PCR Testing of Patients Admitted to Critical Care. J. Hosp. Infect. 2007, 
65, 24–28. 

21. Uçkay, I.; Sax, H.; Iten, A.; Camus, V.; Renzi, G.; Schrenzel, J.; Perrier, A.; Pittet, D. Effect of 
Screening for Methicillin-Resistant Staphylococcus aureus Carriage by Polymerase Chain 
Reaction on the Duration of Unnecessary Preemptive Contact Isolation. Infect. Control Hosp. 
Epidemiol. 2008, 29, 1077–1079. 

22. Dalla Valle, C.; Pasca, M.R.; De Vitis, D.; Marzani, F.C.; Emmi, V.; Marone, P. Control of 
MRSA Infection and Colonisation in an Intensive Care Unit by GeneOhm MRSA Assay and 
Culture Methods. BMC Infect. Dis. 2009, 9, 137. 

23. Snyder, J.W.; Munier, G.K.; Johnson, C.L. Comparison of the BD GeneOhm Methicillin-
Resistant Staphylococcus aureus (MRSA) PCR Assay to Culture by Use of BBL CHROMagar 
MRSA for Detection of MRSA in Nasal Surveillance Cultures from Intensive Care Unit Patients. 
J. Clin. Microbiol. 2010, 48, 1305–1309. 

  



J. Pers. Med. 2012, 2                            
 

 

64

24. Hassan, H.; Shorman, M. Evaluation of the BD GeneOhm MRSA and VanR Assays as a Rapid 
Screening Tool for Detection of Methicillin-Resistant Staphylococcus aureus and Vancomycin-
Resistant Enterococci in a Tertiary Hospital in Saudi Arabia. Int. J. Microbiol. 2011, 2011, 
861514. 

25. Munson, E.; Bilbo, D.; Paul, M.; Napierala, M.; Hryciuk, J.E. Modifications of Commercial 
Toxigenic Clostridium difficile PCR Resulting in Improved Economy and Workflow Efficiency. 
J. Clin. Microbiol. 2011, 49, 2279–2282. 

26. Selvaraju, S.B.; Gripka, M.; Estes, K.; Nguyen, A.; Jackson, M.A.; Selvarangan, R. Detection of 
Toxigenic Clostridium difficile in Pediatric Stool Samples: an Evaluation of Quik Check 
Complete Antigen Assay, BD GeneOhm Cdiff PCR, and ProGastro Cd PCR Assays. Diagn. 
Microbiol. Infect. Dis. 2011, 71, 224–229. 

27. Pandit, A.; Mackay, W.G.; Steel, C.; van Loon, A.M.; Schuurman, R. HIV-1 Drug Resistance 
Genotyping Quality Assessment: Results of the ENVA7 Genotyping Proficiency Programme. J. 
Clin. Virol. 2008, 43, 401–406. 

28. Cepheid Home Page. Available online: http://www.cepheid.com (accessed in May 2012). 
29. Van Rie, A.; Page-Shipp, L.; Scott, L.; Sanne, I.; Stevens, W. Xpert® MTB/RIF for Point-of-Care 

Diagnosis of TB in High-HIV Burden, Resource-Limited Countries: Hype or Hope? Expert Rev. 
Mol. Diagn. 2010, 10, 937–946. 

30. Donald, P.R.; Sirgel, F.A.; Venter, A.; Parkin, D.P.; Seifart, H.I.; van de Wal, B.W.; Werely, C.; 
van Helden, P.D.; Maritz, J.S. The Influence of Human N-Acetyltransferase Genotype on the 
Early Bactericidal Activity of Isoniazid. Clin. Infect. Dis. 2004, 39, 1425–1430.  

31. Kinzig-Schippers, M.; Tomalik-Scharte, D.; Jetter, A.; Scheidel, B.; Jakob, V.; Rodamer, M.; 
Cascorbi, I.; Doroshyenko, O.; Sörgel, F.; Fuhr, U. Should We Use N-Acetyltransferase Type 2 
Genotyping to Personalize Isoniazid Doses? Antimicrob. Agents Chemother. 2005, 49,  
1733–1738. 

32. Donald, P.R.; Parkin, D.P.; Seifart, H.I.; Schaaf, H.S.; van Helden, P.D.; Werely, C.J.; Sirgel, 
F.A.; Venter, A.; Maritz, J.S. The Influence of Dose and N-Acetyltransferase-2 (NAT2) 
Genotype and Phenotype on the Pharmacokinetics and Pharmacodynamics of Isoniazid. Eur. J. 
Clin. Pharmacol. 2007, 63, 633–639.  

33. Betsou, F.; Parida, S.K.; Guillerm, M. Infectious Diseases Biobanking as a Catalyst Towards 
Personalized Medicine: Mycobacterium tuberculosis Paradigm. Tuberculosis 2011, 91, 524–532. 

34. Faulstich, K.; Haberstroh, K. Handheld and Portable Test Systems for Decentralized Testing: 
from Lab to Marketplace. Proc. SPIE 2009, 7306, 73060H1–73060H8. 

35. Schimke, I. Quality and Timeliness in Medical Laboratory Testing. Anal. Bioanal. Chem. 2009, 
393, 1499–1504. 

36. Kumar, A.; Roberts, D.; Wood, K.E.; Light, B.; Parrillo, J.E.; Sharma, S.; Suppes, R.; Feinstein, 
D.; Zanotti, S.; Taiberg, L.; Gurka, D.; Kumar, A.; Cheang, M. Duration of Hypotension before 
Initiation of Antimicrobial Therapy is the Critical Determinant of Survival in Human Septic 
Shock. Crit. Care Med. 2006, 34, 1589–1596. 

37. Lin, J.-N.; Lai, C.-H.; Chen, Y.-H.; Chang, L.-L.; Lu, P.-L.; Tsai, S.-S.; Lin, H.-L.; Lin, H.-H. 
Characteristics and Outcomes of Polymicrobial Bloodstream Infections in the Emergency 
Department: A Matched Case-Control Study. Acad. Emerg. Med. 2010, 17, 1072–1079. 



J. Pers. Med. 2012, 2                            
 

 

65

38. McGeer, A.; Green, K.A.; Plevneshi, A.; Shigayeva, A.; Siddiqi, N.; Raboud, J.; Low, D.E.; 
Toronto Invasive Bacterial Diseases Network. Antiviral Therapy and Outcomes of Influenza 
Requiring Hospitalization in Ontario, Canada. Clin. Infect. Dis. 2007, 45, 1568–1575. 

39. Klotz, S.A.; Chasin, B.S.; Powell, B.; Gaur, N.K.; Lipke P.N. Polymicrobial Bloodstream 
Infections Involving Candida Species: Analysis of Patients and Review of the Literature. Diagn. 
Microbiol. Infect. Dis. 2007, 59, 401–406. 

40. Brunstein, J.D.; Cline, C.L.; McKinney, S.; Thomas, E. Evidence from Multiplex Molecular 
Assays for Complex Multipathogen Interactions in Acute Respiratory Infections. J. Clin. 
Microbiol. 2008, 46, 97–102. 

41. Rogers, G.B.; Hoffman, L.R.; Whiteley, M.; Daniels, T.W.; Carroll, M.P.; Bruce, K.D. Revealing 
the Dynamics of Polymicrobial Infections: Implications for Antibiotic Therapy. Trends 
Microbiol. 2010, 18, 357–364. 

42. Leggieri, N.; Rida, A.; François, P.; Schrenzel, J. Molecular Diagnosis of Bloodstream 
Infections: Planning to (Physically) Reach the Bedside. Curr. Opin. Infect. Dis. 2010, 23,  
311–319. 

43. Nougairede, A.; Ninove, L.; Zandotti, C.; de Lamballerie, X.; Gazin, C.; Drancourt, M.;  
La Scola, B.; Raoult, D.; Charrel, R.N. Point of Care Strategy for Rapid Diagnosis of Novel 
A/H1N1 Influenza Virus. PLoS One 2010, 5, e9215. 

44. Cohen-Bacrie, S.; Ninove, L.; Nougairède, A.; Charrel, R.; Richet, H.; Minodier, P.; Badiaga, S.; 
Noël, G.; La Scola, B.; de Lamballerie, X.; Drancourt, M.; Raoult, D. Revolutionizing Clinical 
Microbiology Laboratory Organization in Hospitals with In Situ Point-of-Care. PLoS One 2011, 
6, e22403. 

45. Bergeron, M.G. Revolutionizing the Practice of Medicine through Rapid (<1 h) DNA-Based 
Diagnostics. Clin. Invest. Med. 2008, 31, E265–E271. 

46. Association for Molecular Pathology. FDA-Cleared/Approved Molecular Diagnostics Tests 
(database). Available online: http://www.amp.org/FDATable/FDATable.doc (accessed in 
February 2012). 

47. BD Diagnostics GeneOhm Home Page. Available online: http://www.bd.com/geneohm (accessed 
in May 2012). 

48. Luminex Home Page. Available online: http://www.luminexcorp.com (accessed in May 2012) 
49. Benson, R.; Tondella, M.L.; Bhatnagar, J.; Carvalho, M.daG.S.; Sampson, J.S.; Talkington, D.F.; 

Whitney, A.M. Mothershed, E.; McGee, L.; Carlone, G.; McClee, V.; Guarner, J.; Zaki, S.; 
Dejsiri, S.; Cronin, K.; Han, J.; Fields, B.S. Development and Evaluation of a Novel Multiplex 
PCR Technology for Molecular Differential Detection of Bacterial Respiratory Disease 
Pathogens. J. Clin. Microbiol. 2008, 46, 2074–2077. 

50. Caliendo, A.M. Multiplex PCR and Emerging Technologies for the Detection of Respiratory 
Pathogens. Clin. Infect. Dis. 2011, 52 (suppl. 4), S326–S330. 

51. Endimiani, A.; Hujer, K.M.; Hujer, A.M.; Kurz, S.; Jacobs, M.R.; Perlin, D.S.; Bonomo, R.A. 
Are We Ready for Novel Detection Methods to Treat Respiratory Pathogens in Hospital-
Acquired Pneumonia? Clin. Infect. Dis. 2011, 52 (suppl. 4), S373–S383. 

  



J. Pers. Med. 2012, 2                            
 

 

66

52. Russek-Cohen, E.; Feldblyum, T.; Whitaker, K.B.; Hojvat, S. FDA Perspectives on Diagnostic 
Device Clinical Studies for Respiratory Infections. Clin. Infect. Dis. 2011, 52 (suppl. 4),  
S305–S311. 

53. Ecker, D.J.; Sampath, R.; Li, H.; Massire, C.; Matthews, H.E.; Toleno, D.; Hall, T.A.; Blyn, 
L.B.; Eshoo, M.W., Ranken, R.; Hofstadler, S.A.; Tang, Y.-W. New Technology for Rapid 
Molecular Diagnosis of Bloodstream Infections. Expert Rev. Mol. Diagn. 2010, 10, 399–415. 

54. Seng, P.; Rolain, J.-M.; Fournier, P.E.; La Scola, B.; Drancourt, M.; Raoult, D. MALDI-TOF-
Mass Spectrometry Applications in Clinical Microbiology. Future Microbiol. 2010, 5,  
1733–1754. 

55. Dekker, J.P.; Branda, J.A. MALDI-TOF Mass Spectrometry in the Clinical Microbiology 
Laboratory. Clin. Microbiol. Newslett. 2011, 33, 87–93. 

56. La Scola, B. Intact Cell MALDI-TOF Mass Spectrometry-Based Approaches for the Diagnosis 
of Bloodstream Infections. Expert Rev. Mol. Diagn. 2011, 11, 287–298. 

57. Brzuszkiewicz, E.; Thürmer, A.; Schuldes, J.; Leimbach, A.; Liesegang, H.; Meyer, F.D.; 
Boelter, J.; Petersen, H.; Gottschalk, G.; Daniel, R. Genome Sequence Analyses of Two Isolates 
from the Recent Escherichia coli Outbreak in Germany Reveal the Emergence of a New 
Pathotype: Entero-Aggregative-Haemorrhagic Escherichia coli (EAHEC). Arch. Microbiol. 
2011, 193, 883–891. 

58. Emonet, S.; Shah, H.N.; Cherkaoui, A.; Schrenzel, J. Application and Use of Various Mass 
Spectrometry Methods in Clinical Microbiology. Clin. Microbiol. Infect. 2010, 16, 1604–1613. 

59. Mitka, M. Hospitalizations for Extreme Conditions Mean Extreme Expenses, Study Verifies. 
JAMA 2010, 304, 2579–2580. 

60. Ehrmeyer, S.S.; Laessig, R.H. Point-of-Care Testing, Medical Error, and Patient Safety: a 2007 
Assessment. Clin. Chem. Lab. Med. 2007, 45, 766–773. 

61. Nichols, J.H. Point of Care Testing. Clin. Lab. Med. 2007, 27, 893–908. 
62. Nichols, J.H. The Future of Point-of-Care Testing. Point Care 2008, 7, 271–273. 
63. Trevino, E.A.; Weissfeld, A.S. The Case for Point-of-Care Testing in Infectious-Disease 

Diagnosis. Clin. Microbiol. Newslett. 2007, 29, 177–179. 
64. Overturf, G.D. CLIA Waived Testing in Infectious Diseases. Pediatr. Infect. Dis. J. 2008, 27, 

1009–1012. 
65. Rajan, A.; Glorikian, H. Point-of-Care Diagnostics: Market Trends and Growth Drivers. Expert 

Opin. Med. Diagn. 2009, 3, 1–4. 
66. Clerc, O.; Greub, G. Routine Use of Point-of-Care Tests: Usefulness and Application in Clinical 

Microbiology. Clin. Microbiol. Infect. 2010, 16, 1054–1061. 
67. Niemz, A.; Ferguson, T.M.; Boyle, D.S. Point-of-Care Nucleic Acid Testing for Infectious 

Diseases. Trends Biotechnol. 2011, 29, 240–250. 
68. Centers for Medicare and Medicaid Services (U.S. Department of Health and Human Services). 

Tests Granted Waived Status Under CLIA (database). Available online: 
http://www.cms.hhs.gov/CLIA/downloads/waivetbl.pdf (accessed in November 2011). 

69. Kibe, S.; Adams, K.; Barlow, G. Diagnostic and Prognostic Biomarkers of Sepsis in Critical 
Care. J. Antimicrob. Chemother. 2011, 66 (suppl. 2), ii33–ii40. 

  



J. Pers. Med. 2012, 2                            
 

 

67

70. Schuetz, P.; Albrich, W.; Mueller, B. Procalcitonin for Diagnosis of Infection and Guide to 
Antibiotic Decisions: Past, Present and Future. BMC Med. 2011, 9, 107. 

71. Luppa, P.B.; Müller, C.; Schlichtiger, A.; Schlebusch, H. Point-of-Care Testing (POCT): Current 
Techniques and Future Perspectives. Trends Anal. Chem. 2011, 30, 887–898. 

72. Jahn, U.R.; Van Aken, H. Near-Patient Testing—Point-of-Care or Point of Costs and 
Convenience? Br. J. Anesthesia 2003, 90, 425–427. 

73. Huckle, D. Point-of-Care Diagnostics: an Advancing Sector with Nontechnical Issues. Expert 
Rev. Mol. Diagn. 2008, 8, 679–688. 

74. GenMark Diagnostics Home Page. Available online: http://www.genmarkdx.com (accessed in 
May 2012). 

75. Miller, M.B., Tang, Y.-W. Basic Concepts of Microarrays and Potential Applications in Clinical 
Microbiology. Clin. Microbiol. Rev. 2009, 22, 611–633. 

76. Weile, J; Knabbe, C. Current Applications and Future Trends of Molecular Diagnostics in 
Clinical Bacteriology. Anal. Bioanal. Chem. 2009, 394, 731–742. 

77. Jordan, B.R. Is There a Niche for DNA Microarrays in Molecular Diagnostics? Expert Rev. Mol. 
Diagn. 2010, 10, 875–882. 

78. Bauer, M.; Reinhart, K. Molecular Diagnostics of Sepsis—Where are We Today? Int J Med 
Microbiol 2010, 300, 411–413. 

79. Cenciarini-Borde, C.; Courtois, S.; La Scola, B. Nucleic Acids as Viability Markers for Bacteria 
Detection Using Molecular Tools. Future Microbiol. 2009, 4, 45–64. 

80. Jofre, J.; AR Blanch. Feasibility of Methods Based on Nucleic Acid Amplification Techniques to 
Fulfil the Requirements for Microbiological Analysis of Water Quality. J. Appl. Microbiol. 2010, 
109, 1853–1867. 

81. Ince, J.; McNally, A. Development of Rapid Automated Diagnostics for Infectious Diseases: 
Advances and Challenges. Expert Rev. Med. Devices 2009, 6, 641–651. 

82. Kiechle, F.L.; Holland, C.A. Point-of-Care Testing and Molecular Diagnostics: Miniaturization 
Required. Clin. Lab. Med. 2009, 29, 555–560. 

83. Bissonnette, L.; Bergeron, M.G. Diagnosing Infections - Current and Anticipated Technologies 
for Point-of-Care Diagnostics and Home-Based Testing. Clin. Microbiol. Infect. 2010, 16,  
1044–1053. 

84. Eicher, D.; Merten, C.A. Microfluidic Devices for Diagnostic Applications. Expert Rev. Mol. 
Diagn. 2011, 11, 505–519. 

85. Haeberle, S.; Zengerle, R. Microfluidic Platforms for Lab-on-a-Chip Applications. Lab Chip 
2007, 7, 1094–1110. 

86. Siegrist, J.; Peytavi, R.; Bergeron, M.G.; Madou, M. Microfluidics for IVD Analysis: Triumphs 
and Hurdles of Centrifugal Platforms - Part 1: Molecular Fundamentals. IVD Technol. 2009,  
15 (9), 27–33. 

87. Gorkin, R.; Park, J.; Siegrist, J.; Amasia, M.; Lee, B.S.; Park, J.-M.; Kim, J.; Kim, H., Madou, 
M.; Cho, Y.-K. Centrifugal Microfluidics for Biomedical Applications. Lab Chip 2010, 10, 
1758–1773. 

88. Lien, K.-Y.; Lee, G.-B. Miniaturization of Molecular Biological Techniques for Gene Assay. 
Analyst 2010, 135, 1499–1518. 



J. Pers. Med. 2012, 2                            
 

 

68

89. Siegrist, J.; Peytavi, R.; Bergeron, M.G.; Madou, M. Microfluidics for IVD Analysis: Triumphs 
and Hurdles of Centrifugal Platforms - Part 2: Centrifugal Microfluidics. IVD Technol. 2010a,  
16 (1), 41–47. 

90. Ferguson, R.S.; Buchsbaum, S.F.; Wu, T.-T.; Hsieh, K.; Xiao, Y.; Sun R.; Soh, H.T. Genetic 
Analysis of H1N1 Influenza Virus from Throat Swab Samples in a Microfluidic System for 
Point-of-Care Diagnostics. J. Am. Chem. Soc. 2011, 133, 9129–9135. 

91. Schumacher, S.; Nestler, J.; Otto, T.; Wegener, M.; Ehrentreich-Förster, E.; Michel, D.; 
Wunderlich, K.; Palzer, S.; Sohn, K.; Weber, A.; Burgard, M.; Grzesiak, A.; Teichert, A.; 
Brandenburg, A.; Koger, B.; Albers, J.; Nebling, E.; Bier, F.F. Highly-Integrated Lab-on-a-Chip 
System for Point-of-Care Multiparameter Analysis. Lab Chip 2011, DOI:10.1039/C1LC20693A. 

92. Becker, H.; Gärtner, C. Polymer Microfabrication Technologies for Microfluidic Systems. Anal. 
Bioanal. Chem. 2008, 390, 89–111. 

93. Sollier, E.; Murray, C.; Maoddi, P.; Di Carlo, D. Rapid Prototyping Polymers for Microfluidic 
Devices and High Pressure Injections. Lab Chip 2011, 11, 3752–3765. 

94. Madou, M.; Zoval, J.; Jia, G.; Kido, H.; Kim, J.; Kim, N. Lab on a CD. Annu. Rev. Biomed. Eng. 
2006, 8, 601–628. 

95. Oh, K.W.; Ahn, C.H. A Review of Microvalves. J. Micromech. Microeng. 2006, 16, R13–R39. 
96. Nolte, D.D. Invited Review Article: Review of Centrifugal Microfluidic and Bio-Optical Disks. 

Rev. Sci. Instrum. 2009, 80, 101101. 
97. Mosadegh, B.; Bersano-Begey, T.; Park, J.Y.; Burns, M.A.; Takayama, S. Next-Generation 

Integrated Microfluidic Circuits. Lab Chip 2011, 11, 2813–2818. 
98. Cho, Y.-K.; Lee, J.-G.; Park, J.-M.; Lee, B.-S.; Lee, Y.; Ko, C. One-Step Pathogen Specific DNA 

Extraction from Whole Blood on a Centrifugal Microfluidic Device. Lab Chip 2007, 7, 565–573. 
99. Wen, J.; Legendre, L.A.; Bienvenue, J.M.; Landers, J.P. Purification of Nucleic Acids in 

Microfluidic Devices. Anal. Chem. 2008, 80, 6472–6479. 
100. Kim, J.; Johnson, M.; Hill, P.; Gale, B.K. Microfluidic Sample Preparation: Cell Lysis and 

Nucleic Acid Purification. Integr. Biol. 2009, 1, 574–586. 
101. Baek, S.-K.; Min, J.; Park, J.-H. Wireless Induction Heating in a Microfluidic Device for Cell 

Lysis. Lab Chip 2010, 10, 909–917. 
102. Siegrist, J.; Gorkin, R.; Bastien, M.; Stewart, G.; Peytavi, R.; Kido, H.; Bergeron, M.G.; Madou, 

M. Validation of a Centrifugal Microfluidic Sample Lysis and Homogenization Platform for 
Nucleic Acid Extraction with Clinical Samples. Lab Chip 2010b, 10, 363–371. 

103. Root, B.E.; Agarwal, A.K.; Kelso, D.M.; Barron, A.E. Purification of HIV RNA from Serum 
Using a Polymer Capture Matrix. Anal. Chem. 2011, 83, 982–988. 

104. Zhang, C.; Xu, J.; Ma, W.; Zheng, W. PCR Microfluidic Devices for DNA Amplification. 
Biotechnol. Adv. 2006, 24, 243–284. 

105. Zhang, Y.; Ozdemir, P. Microfluidic DNA Amplification - A Review. Anal. Chim. Acta 2009, 
638, 115–125. 

106. Cooney, C.G.; Sipes, D.; Thakore, N.; Holmberg, R.; Belgrader, P. A Plastic, Disposable 
Microfluidic Flow Cell for Coupled On-Chip PCR and Microarray Detection of Infectious 
Agents. Biomed. Microdevices 2011, DOI 10.1007/s10544-011-9584-9. 

  



J. Pers. Med. 2012, 2                            
 

 

69

107. Marasso, S.L.; Giuri, E.; Canavese, G., Castagna, R.; Quaglio, M.; Ferrante, I.; Perrone, D.; 
Cocuzza, M. A Multilevel Lab on Chip Platform for DNA Analysis. Biomed. Microdevices 2011, 
13, 19–27. 

108. Sun, Y.; Perch-Nielsen, I.; Dufva, M.; Sabourin, D.; Bang, D.D.; Hogberg, J.; Wolff, A. Direct 
Immobilization of DNA Probes on Non-Modified Plastics by UV Irradiation and Integration in 
Microfluidic Devices for Rapid Bioassay. Anal. Bioanal. Chem. 2011, DOI 10.1007/s00216-011-
5459-4. 

109. Wang, L.; Li, P.C.H. Microfluidic DNA Microarray Analysis: a Review. Anal. Chim. Acta 2011, 
687, 12–27. 

110. Goff, D.A. Antimicrobial Stewardship: Bridging the Gap between Quality Care and Cost. Curr. 
Opin. Infect. Dis. 2011, 24 (suppl. 1), S11–S20. 

111. Micek, S.T.; Reichley, R.M.; Kollef, M.H. Health Care-Associated Pneumonia (HCAP) - 
Empiric Antibiotics Targeting Methicillin-Resistant Staphylococcus aureus (MRSA) and 
Pseudomonas aeruginosa Predict Optimal Outcome. Medicine 2011, 90, 390–395. 

112. Dellinger, R.P.; Levy, M.M.; Carlet, J.M.; Bion, J.; Parker, M.M.; Jaeschke, R.; Reinhart, K.; 
Angus, D.C.; Brun-Buisson, C.; Beale, R.; Calandra, T.; Dhainaut, J.-F.; Gerlach, H.; Harvey, 
M.; Marini, J.J.; Marshall, J.; Ranieri, M.; Ramsay, G.; Sevransky, J.; Thompson, B.T.; 
Townsend, S.; Vender, J.S.; Zimmerman, J.L.; Vincent, J.-L.; for the International Surviving 
Sepsis Campaign Guidelines Committee. Surviving Sepsis Campaign: International Guidelines 
for Management of Severe Sepsis and Septic Shock: 2008. Crit. Care Med. 2008, 36, 296–327. 

113. Brown, J.; Paladino, J.A. Impact of Rapid Methicillin-Resistant Staphylococcus aureus 
Polymerase Chain Reaction Testing on Mortality and Cost Effectiveness in Hospitalized Patients 
with Bacteraemia. Pharmacoeconomics 2010, 28, 567–575. 

114. Bauer, K.A.; West, J.E., Balada-Llasat, J.-M.; Pancholi, P.; Stevenson, K.B.; Goff, D.A. An 
Antimicrobial Stewardship Program's Impact with Rapid Polymerase Chain Reaction Methicillin 
Staphylococcus aureus/S. aureus Blood Culture Test in Patients with S. aureus Bacteremia. Clin. 
Infect. Dis. 2010, 51, 1074–1080. 

115. Paolucci, M.; Landini, M.P.; Sambri, V. Conventional and Molecular Techniques for the Early 
Diagnosis of Bacteraemia. Int. J. Antimicrob. Agents 2010, 36S, S6–S16. 

116. McGeer, A.J. Diagnostic Testing or Empirical Therapy for Patients Hospitalized with Suspected 
Influenza: What to Do? Clin. Infect. Dis. 2009, 48, S14–S19. 

117. Infectious Diseases Society of America. An Unmet Medical Need: Rapid Molecular Diagnostics 
Tests for Respiratory Tract Infections. Clin. Infect. Dis. 2011, 52 (S4), S384–S395. 

118. Shen, B.; Hwang, J. The Clinical Utility of Precision Medicine: Properly Assessing the Value of 
Emerging Diagnostic Tests. Clin. Pharmacol. Ther. 2010, 88, 754–756. 

119. Mirnezami, R.; Nicholson, J.; Darzi, A. Preparing for Precision Medicine. N. Engl. J. Med. 2012 
366, 489–491. 

120. Richmond, T.D. The Current Status and Future Potential of Personalized Diagnostics: 
Streamlining a Customized Process. Biotechnol. Annu. Rev. 2008, 14, 411–422. 

121. Ehrmeyer, S.S.; Laessig, R.H. Regulatory Compliance for Point-of-Care Testing: 2009 United 
States Perspective. Clin. Lab. Med. 2009, 29, 463–478. 

  



J. Pers. Med. 2012, 2                            
 

 

70

122. Gibbs, J.N. Regulating Molecular Diagnostic Assays: Developing a New Regulatory Structure 
for a New Technology. Expert Rev. Mol. Diagn. 2011, 11, 367–381. 

123. Genetic Information Nondiscrimination Act (GINA) of 2008. Available online: 
http://www.genome.gov/24519851 (accessed in May 2012). 

124. Glinskii, V.G.; Glinsky G.V. Emerging Genomic Technologies and the Concept of Personalized 
Medicine. Cell Cycle 2008, 7, 2278–2285. 

125. Hudson, K.L. Genomics, Health Care, and Society. N. Engl. J. Med. 2011, 365, 1033–1041. 
126. Rogowski, W. Current Impact of Gene Technology on Healthcare—A Map of Economic 

Assessments. Health Policy 2007, 80, 340–357. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


