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♦ Start with a case presentation 

♦ Background and techniques 

♦ PCR mass spectrometry 

♦ Ehrlichia study 

♦ Take home message 



♦ A 13-year-old previously healthy boy, 
presented with severe hypotension, 
tachycardia, and impending respiratory 
failure 



♦ The patient reported ten days ago a tick 
bite on his right medial ankle and an ATV 
accident resulting in mild right leg pain 

♦ Five days prior to admission, hip and knee 
pain progressively worsened and evolved 
into full body arthralgia without fever 

♦ 24 hours prior to admission, the patient 
experienced nausea and vomiting, again 
without reported fever 



♦ On the morning of admission, the patient continued 
having episodes of nausea and vomiting with chest pain. 
He looked pale and blue, and collapsed in the parking 
lot 

♦ On admission, he was hypotensive and tachycardic and 
increased work of breathing 

♦ Blood cultures were drawn and the patient was given 
doxycycline and ceftriaxone 

♦ The patient was intubated secondary to severe shock 
and impending respiratory failure and transported via 
Life Flight to VCH 



♦ The patient was sedated on arrival to the PCCU 
♦ Vancomycin and gentamycin were added per infectious 

disease consult 
♦ Blood cultures revealed coagulase-positive cocci in 

clusters at the second hospitalization day 
♦ An ultrasound of the hip and knee were done to assess 

for joint abscess, but revealed no source of infection 
♦ At the third hospitalization day, blood, trach and pleural 

fluid cultures were positive for MRSA 
♦ The patient was continued vancomycin, clindamycin 

and ceftriaxone 



♦ Ceftriaxone was discontinued and rifampin was added 
at hospital day 4 

♦ Sedation was discontinued for complete neurological 
exam 

♦ The patient developed multiple organ failure, blood 
cultures remain positive for MRSA 

♦ In the afternoon of hospital day 6, he developed a 
fixed and dilated pupils 

♦ Brain death was documented and cardiopulmonary 
support was withdrawn 



♦ Autopsy indicated S. aureus sepsis, with pre- and post-
mortem cultures positive for MRSA 

♦ Severe diffuse necrotizing pneumonia with multifocal 
fresh infarcts 

♦ Shock-induced myocardial and hepatic injury 
♦ Shock-related changes of spleen, nodal lymphoid 

hyperplasia, hemorrhage and splenic subcapsular 
infarctions 

♦ Early infection of right hip, presumed secondary to 
pulmonary infection 

♦ The isolate was PVL positive and SCCmec type IV 



♦ Can we do better, next time? 



Bloodstream Infections Caused by CA-MRSA 
and Others Can be Lethal  



Kumar et al. Crit. Care Med. 34:1589-96, 2006  



It works well, but it still takes an overnight growth, and … 

BD BACTEC Trek ESP BacT/Alert 3D 
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Kary B. Mullis 
(1993 Nobel Laureate 

in Chemistry) 

“One spring night … 
I came across PCR … 
It was the first day of 
the rest of my life” 



(minutes/hours) 



DNA extraction 

Post detection 

PCR amplification 

Identification, antimicrobial 
resistance report 

2 

4 

0 

Hours 

Original blood specimen (day 0) or 
positive blood culture broth (day 1) 



Oliveira et al. J. Clin. Microbiol. 40:247-51, 2002  



Parta et al. J. Clin. Microbiol. 47:1609-10, 2009  



Target-enriched multiplex PCR 



Lehmann et al. Med. Microbiol. Immunol. 197: 313-24, 2008  



Wellinghausen et al. J. Clin. Microbiol. 47:2759-65, 2009  



A Universal, Rapid and Accurate System 
for Detection and Identification of 

Bacterial Pathogens 



PCR-MS Combines Sensitivity 
(PCR) and Specificity (MS) 

Ecker et al. Nat. Rev. Microbiol. 6:553-8, 2008  

Plex-ID 



Weight = 377.33 g 
 28 Pennies 
 29 Nickels 
 25 Dimes 
 24 Quarters 

You can distinguish 
any change, even a 
single nucleotide 

Ecker et al. Nat. Rev. Microbiol. 6:553-8, 2008  



♦ Directly from whole blood specimens 
♦ Rapid procedure done within six hours 

♦ Multiple organisms covered in one single reaction 

♦ Simultaneous detection and identification 



♦ When: May 1 to August 1, 2009 
♦ Where: Vanderbilt University Medical Center
♦ What: 213 whole blood specimens suspected of Ehrlichia 

infections 
♦  PCR-EIA assay detects E. chaffeensis, E. ewingii and 

Anaplasma phagocytophilum  
♦  PCR/ESI MS detects and differentiate tick-borne bacterial 

species 





Eshoo et al. J. Clin. Microbiol. 48:472-8, 2010  



Base Composition Signatures for Detection and 
Identification of Bacterial Pathogens  

Eshoo et al. J. Clin. Microbiol. 48:472-8, 2010  



Eshoo et al. J. Clin. Microbiol. 48:472-8, 2010  



Diagnostic Performance of PCR/ESI-MS Assay 
for Detection of Ehrlichia Species in Blood  

Eshoo et al. J. Clin. Microbiol. 48:472-8, 2010  



Detection and Identification of Additional 
Bacterial Pathogens by PCR/ESI-MS  

Eshoo et al. J. Clin. Microbiol. 48:472-8, 2010  



♦ The PCR/ESI-MS assay possessed sensitivity, specificity 
and positive and negative predictive values of 95.0%, 
98.8%, 95.0%, and 98.8%, respectively 

♦ The PCR/ESI-MS assay had a perfect speciation for 38 
Ehrlichia-positive specimens. 

♦ Rickettsia rickettsii was detected by PCR/ESI-MS from 
four specimens which were confirmed retrospectively by 
serology and PCR-EIA 

♦ The PCR/ESI-MS assay identified Pseudomonas 
aeruginosa, Neisseria meningitidis, and Staphylococcus 
aureus from three specimens; these were confirmed by 
culture and/or clinical diagnosis 

♦ From specimen processing to result reporting, the PCR/
ESI-MS assay can be completed within six hours  
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University Ranking: 19 (2009) 
School Ranking: 15 (2009) 
Hospital Ranking: 16 (2009) 

“Harvard in South” 




