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*Review what we mean by molecular diagnostics 
*Why use molecular diagnostics versus traditional 
laboratory methods 

*Review how molecular diagnostics have evolved 
*Tuberculosis 
*Sepsis 
*Sexually transmitted infections 

*Describe the next wave of molecular diagnostics 
*Comment on where molecular diagnostics are 
being used. 
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Goals of Presentation 



*The application of nucleic acid hybridization 
techniques (DNA probes), polymerase chain 
reaction (PCR), other nucleic acid 
amplification test (NAAT) methods, nucleic 
acid sequence analysis, or mRNA detection 
methods (host response markers) for the 
rapid and accurate identification of 
infectious disease agents directly in clinical 
specimens. 

Molecular Diagnostics - 
Definition 



Molecular Diagnostics - 
Goals 

*Reduce the time to identification of infectious 
agents  so that appropriate therapy can be 
initiated to maximize patient outcomes. 

*Optimize workflow in the laboratory 

*Bring diagnostic methods to rural or remote 
areas where microbiology services were 
previously unavailable to improve healthcare 
globally 



*Conventional detection methods are too slow 

*Organisms causing sepsis need to be detected 
quickly to guide appropriate therapy  

*Improve diagnosis of tuberculosis (1 hour for 
PCR vs 3-4 weeks for culture results) 

*Conventional methods lack sensitivity 

*Replace inaccurate rapid antigen influenza tests 
(low sensitivity) to improve antiviral use 

*Conventional tests do not exist 

*Detection of Noroviruses to implement infection 
control measures during outbreaks 

Why Use Molecular Diagnostics? 
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*Sepsis 
*Gram-positive versus Gram-negative bacteria 
*Are antimicrobial resistance genes present 

*Sexually transmitted infections 
*Chlamydia, gonorrhea, herpes, mycoplasma, 
trichomonas, other (the list keeps getting longer) 

*Respiratory tract infections 
*Bacterial, viral, or non-infectious 

*Meningitis/encephalitis 
*Bacterial, viral, fungal, parasitic 

*Tuberculosis 
*Pan-susceptible to drugs, MDR, XDR  

Key Questions When Using Molecular  
Diagnostics to Guide Therapy 



Sepsis/bloodstream infection Tuberculosis 

Chlamydia trachomatis 

Is diagnosis and  treatment of these infections  
different today vs 10 years ago? 
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Diagnosis of Sepsis 

The issue: Mortality increases ~6% for 
each hour of delay before starting 
effective treatment for sepsis 

Culture methods need 24 hours to 
detect growth in a blood culture bottle 
and 6-48 hours to identify the organism 
and determine its antibiotic 
susceptibility pattern 

Molecular methods can give results in 1-2 
hrs  for detecting bacteria in blood culture 
bottles, and 2-4 hrs for direct detection 
bacteria and Candida spp. in blood 
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Blood culture methods 
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Need to Change the Slow Delivery of
Results With Low Medical Impact   

24 48 72 96 (4 days!!!) 
Hours 

Culture 

Susceptibility test  

Susceptibility test (fastidious)  

Prelim report   

Mixed infections report to doctor 

Specimen Taken 

M
edical Value 
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Molecular Methods Change the Paradigm 

24 
Hours 

Culture 

Susceptibility test  

Susceptibility test (fastidious)  

PCR testing 

Final report to doctor for mixed infection 

Specimen Taken/ 
Positive Blood Culture 

1-3 0 

M
ed
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ue
 

PCR 
report 

Optimal antimicrobial therapy initiated 



Gram + cocci  in clusters 

MALDI-TOF ID 

PCR/Array with nanoprobes: 
Nanosphere (3 hours) 

Filmarray (BioFire): S. aureus,  
mecA resistance genes (1 hour) 

PCR testing Xpert MRSA/SA  
(~1 hour) 

Examples of Molecular Diagnostics for Blood  
Cultures: S. aureus, MRSA, Coagulase Negative 

Staphylococci 

All these methods provide bacterial identifications in 1-3 hours, 
So targeted therapy can be started 



PCR test Culture/AST 

(Hours to appropriate Rx) 

(Hours on wrong Rx) 

Getting patients on the right drug 10 times faster or 
 off the wrong drugs 4 times faster improves outcomes 





Rapid identification needs to be paired with a call to pharmacy  
or stewardship team to get therapy changed if necessary 

Coordinated approach to  Antimicrobial Stewardship important 



Reducing length of stay and decreasing hospital costs are 
Significant drivers of new technologies plus better patient outcomes 



Clinical Infectious Diseases® 2015;60(6):892–9 



Considering a Different 
Approach to Sepsis 

*Rather than seeking to identify an 
organism in the bloodstream 
immediately, perhaps we should 
determine if an infection is present 
at all 

*Host response markers: cellular, 
protein, molecular 



Diagnosing Sepsis BEFORE Blood Cultures are Drawn 



* Innovation:  Sepsis Opportunity 

OPPORTUNITY TO REDUCE HIGHEST HEALTHCARE COSTS BY EARLIER DIAGNOSIS OF SEPSIS 

Sepsis 
• 5 million cases per year worldwide and growing 
• Highly morbid (> 30%); 10th leading cause of death in 

US; 12.6% of deaths in hospital 
• Each hour delay of effective antibiotics increases 

mortality 7.6% 
 
Current Diagnostic Landscape 
• Many different modalities used to diagnose and monitor 

sepsis today 
• >90% of doctors want to increase confidence in sepsis 

Dx and want IT systems to speed up diagnosis  

  Opportunity = 
Detecting more patients 

within critical 6-hour 
window for 

administration of 
antibiotics 



*

*Neutrophil volume increases during bacterial sepsis1 
*Neutrophil volume does not change during viral infection1 

*Monocyte volume increases during bacterial sepsis1 

*Monocytes also respond to viral infection2 

*Δ neutrophil volume distribution width (variation in 
size) is an early sign of bacterial infection3 
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1. Lee AJ, Kim SG. Blood Res 2013; 48:193-7. 
2. Hou W, et al. Blood 2012;119:3128-31. 
3. Chaves F, et al. Arch Pathol Lab Med 2006; 130:378-80. 
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MDW = 19.1 
WBC cells x103= 4.73 

MN-V-MO 
SD-V-MO 

Monocyte 
Volume 
Distribution 
Control 

MN-V-MO 

Monocyte 
Volume 
Distribution 
Sepsis 

SD-V-MO 

MDW = 24.3 
WBC cells x103 = 10.27 

Non-septic Septic 

These histograms represent examples of patients diagnosed as non-septic and septic from the feasibility trial 

Red dotted lines depict 1 SD from the mean 
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Diagnosing Sepsis BEFORE Blood Cultures are Drawn 

Early 
cellular 
indicators 

Bacterial vs. Viral 
transcriptional 
profiling 

Direct 
from blood 
ID and AST 



Facts about Tuberculosis (TB) 

Global burden of TB in 2016
 

– 10.4 million new cases 
– 1.7 million died from TB 
– est. 600,000 new cases with resistance to 

rifampicin  
– 490,000 people with MDR-TB worldwide 
 

Fast access to test results is critical 
– Accurate diagnosis 
– Appropriate treatment 
– Limit the spread of infection 

 

Source: 
1. Global Tuberculosis Report 20167 World Health Organization, http://www.who.int/tb/publications/global_report/gtbr2017_executive_summary.pdf?ua=1 
2. Uplekar et al. WHO’s new End TB strategy. Lancet. 2015 May 2;385(9979):1799-801. 

 

One third of new TB cases goes undiagnosed 
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Transmission and Symptoms of TB 

27 

Droplets tend to hang 
in air from minutes to hours 

TB may mimic several 
diseases, depending 

on presentation 

(Consumption) 
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Diagnostics: Acid Fast Smears –  
Ziehl-Neelsen and Auramine-Rhodamine 

Organisms fluoresce yellow on black 

Auramine-Rhodamine staining enhances sensitivity (10-20%) 
 Increases the number of microscopic fields that can be read 

quickly since a lower power of magnification can be used 
Overall smear sensitivity 20-60% 

Red organisms on blue background 

http://www.google.com/imgres?imgurl=http://people.upei.ca/sgreenwood/assets/images/Cryptosporidium_oocysts-acid_fast-40X1.jpg&imgrefurl=http://people.upei.ca/sgreenwood/html/protozoa.html&usg=__Q5ZmLUftt7eaAcb9loj_wb9tm2w=&h=515&w=650&sz=95&hl=en&start=9&tbnid=G8twDk_i2qj_jM:&tbnh=109&tbnw=137&prev=/images?q%3Dacid%2Bfast%2Bsmear%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1&itbs=1
http://www.google.com/imgres?imgurl=http://www.lung.ca/tb/images/full_archive/107_bacillus.jpg&imgrefurl=http://www.lung.ca/tb/tbtoday/tbdiagnosis/further_test.html&usg=__BBSolVkSfXlaIsrKg9f-7liSpOU=&h=300&w=416&sz=26&hl=en&start=3&tbnid=PnkEdi9-7t76rM:&tbnh=90&tbnw=125&prev=/images?q%3Dauramine%2BTB%2Bsmear%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1&itbs=1
http://www.google.com/imgres?imgurl=http://faizscientific.com/faizhtml/images/Microscope.jpg&imgrefurl=http://faizscientific.com/faizhtml/biology.html&usg=__rXYh49WfvRiiWeuJrPujwMQ7GcM=&h=360&w=360&sz=25&hl=en&start=2&tbnid=MDmPnp37mgi5VM:&tbnh=121&tbnw=121&prev=/images?q%3DMicroscope%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1&itbs=1
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Culture Systems for Mycobacterium 
tuberculosis 

BD MGIT BACTEC 9000 BACTI-Alert 3D 

These semi-automated systems provide for continuously monitoring  
and reduce growth times from the 4-6 weeks time periods seen with  

solid media, like Lowenstein-Jensen agar, often to 1-2 weeks. 
 

However, they are expensive, and contamination limits results. 

Lowenstein-Jensen 
media 

Liquid culture Agar culture 

http://www.google.com/imgres?imgurl=http://2.bp.blogspot.com/_A8M28LIj8Gs/S5jOeus5tAI/AAAAAAAAAGA/IABzJwm0dxw/s320/Bactec-mgit960b.gif&imgrefurl=http://tbdpc6.blogspot.com/&usg=__OvdUr1arW6MUfiaoy09LkzEBiqg=&h=297&w=216&sz=39&hl=en&start=3&tbnid=IbFaHTjWWlYYLM:&tbnh=116&tbnw=84&prev=/images?q%3DMGIT%26hl%3Den%26sa%3DG%26gbv%3D2%26tbs%3Disch:1&itbs=1
http://www.google.com/imgres?imgurl=http://www.lislesurplus.com/misc/Blood-culture-analyzer-by-b-d-bactec-9050-very-nice/picture-1.jpg&imgrefurl=http://www.lislesurplus.com/misc/Blood-culture-analyzer-by-b-d-bactec-9050-very-nice/&usg=__fLT4Q2-5qJt6CqYnO16iTDCBuN8=&h=329&w=400&sz=29&hl=en&start=28&tbnid=V4LoQf26ACJDWM:&tbnh=102&tbnw=124&prev=/images?q%3DBACTEC%2B9000%26start%3D20%26hl%3Den%26sa%3DN%26gbv%3D2%26tbs%3Disch:1&itbs=1
http://www.google.com/imgres?imgurl=http://www.sithc.com/images/up/EmployeePic/2008121214271814028.jpg&imgrefurl=http://www.sithc.com/en/about/index.asp?classid%3D11&usg=__yJZ0yxztpACmSD1X1gIR67joRaQ=&h=281&w=369&sz=14&hl=en&start=14&tbnid=YxVc4FL3iOXk5M:&tbnh=93&tbnw=122&prev=/images?q%3DBACT%2Balert%2Bmycobacteria%26um%3D1%26hl%3Den%26sa%3DN%26rlz%3D1T4ADRA_enUS332US336%26tbs%3Disch:1&um=1&itbs=1
http://www.google.com/imgres?imgurl=http://www.thefishsite.com/articles/contents/06-07IntervetFishNocar5.jpg&imgrefurl=http://www.thefishsite.com/articles/140/nocardia-seriolae-a-chronic-problem&usg=__YL7HTafLiU-wgDm2XzD_TaBp0n0=&h=259&w=194&sz=9&hl=en&start=7&tbnid=8LvjRNC33q0c5M:&tbnh=112&tbnw=84&prev=/images?q%3DLowenstein%2BJensen%2Bmedia%26um%3D1%26hl%3Den%26sa%3DN%26rlz%3D1T4ADRA_enUS332US336%26tbs%3Disch:1&um=1&itbs=1


From: Boehme, et.al. NEJM 363:1005. Sept. 9, 2010  

TB and rifampin resistance results in 1 hour 45 minutes direct from specimen 



Conventional methods 
Xpert + conventional 

56 days 
5 days 4 days 

2 days 

Dramatic 
reduction 

in time 
to therapy 
for smear 
negative  
patients 
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Received 
empiric 
TB Rx 

No 
Empiric 
TB Rx 

PCR+ 
1 

PCR- 
1 

PCR+ 
1 

PCR- 
45 

1212 Early rule-ins 

473 Over-treatments 

11 Under-treatments 96140 Early rule-outs 

Over-Rx Days: 2280136 

Added Specificity = +31% 



  

Xpert MTB/RIF Assay MTB Ultra Assay 

N 
Percent 
(95% CI) 

N 
Percent 
(95% CI) 

Sensitivity 
Smear 

Positives 
342/344 

99.4% 
(97.9, 99.8) 

426/428 
99.5% 

(98.3, 99.9) 
Sensitivity 

Smear 
Negatives 

128/222 
57.7%  

(51.1, 64.0) 
200/273 

73.3%  
(67.7, 78.2) 

Overall   
Sensitivity 474/570a 

83.2%  
(79.9, 86.0) 

630/705a 
89.4% 

(86.9, 91.4) 

Overall 
Specificity 1003/1024 

97.9% 
(96.9, 98.7) 

1222/1280 
95.5%  

(94.2, 96.5) 

MTB Ultra Assay Performance vs. Xpert MTB/RIF Assay 
 

aSmear result not available for 4 culture positive specimens. 
 CE-IVD. In vitro diagnostic medical device.   Unpublished data 
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Two hour test d1recty from sputum for 2nd line drug resistance detection in Xpert cartridge 



Problems with phenotypic drug susceptibility testing becoming apparent 



37 © Cepheid. Confidential – For Internal Use Only. 
 

• What about patients that don’t produce sputum or are difficult to diagnose? 
• Looked for markers in whole blood from14 large data sets, 2572 samples from 

10 countries, included adult and pediatric patients 
• Identified 266 candidate genes (158 over-expressed; 108 under-expressed) 
• Narrowed down to 3 genes 
• Could be done on 100µ L of blood from a finger-stick 



Testing for Chlamydia and Gonorrhea at a  
London Sexually Transmitted Disease Clinic 



• In this model, using Xpert CT/NG as a POCT for same day diagnosis 
would save an estimated $19 million annually (economic impact)  

• Would prevent 95,000 unnecessary treatments per year 
(stewardship) 

• Would prevent 17,561 transmissions of disease annually (public 
health) 

• Would significantly reduce patient anxiety for those getting 
negative results the same day versus 10 days (Patient impact) 

• In reality, results exceeded expectation.  Testing volume increased 
from 10,000 specimens/year to >200,0000/year 
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1 2 3 4 5 6 7 

7 14 21 28 

Time to reporting results to patient 

Point of care testing  

DAYS 



Used PCR test in Emergency Department at George Washington  
University Medical Center, Washington, D.C. 

Results:  Significant reduction in empiric antibiotic 
 therapy using rapid diagnostic test with no  

negative impact to patient care 



Gonococcal isolates with multidrug resistant 
phenotypes rising globally 
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Sometimes Pathogen Identification   
Isn’t Enough: Mycoplasma genitalium 

>40% of M. genitalium strains are resistant to 
 azithromycin, the drug of choice 



What Has Changes in Rapid 
Diagnostics in the Last Few Years? 

Faster time to result 
for single assays 
e.g., influenza 

More targets for blood, 

respiratory, gastrointestinal 

and meningitis/encephalitis 

panels 



Moderately Complex Diagnostic Tests 
Can be Performed Almost Anywhere  

Within the hospital 
Microbiology lab Lab ** Core Lab Ob/Gyn 

Emergency Department 

ICU 

• Satellite/Reference Labs 
• Outpatient Clinics 
• Surgery Centers 
• Urgent Care 
• POC molecular CLIA-waived 
    tests are now available 

Beyond the hospital 

**Micro lab provides oversight for quality assurance 



GeneXpert® 
Xpress Flu 

A New Generation of Rapid, Point of 
Care Diagnostic Platforms 

FDA Cleared FDA Cleared FDA Cleared 



New Notions of Point of Care 
Testing 

Use of POC molecular diagnostics for  tuberculosis,  HIV, and 
sexually transmitted infections are impacting medical care 

Remote access Mobile clinics 

Sexual health clinics In patient testing 
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*Final Thoughts 
*We are clearly in the era of molecular diagnostics, 
where the focus is on rapid pathogen identification  

*This includes molecular diagnostics for sepsis, 
tuberculosis, sexually transmitted infections, 
gastrointestinal diseases and other infections 

*The next wave of diagnostics will be focused on 
host response markers to answer the question of 
whether or not an infection is present 

*Many exciting new technologies are impacting 
healthcare in positive ways 



THANK YOU 
FOR YOUR  

ATTENTION  
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