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The Ghost Map: 

A fascinating story about one of the first 
epidemiologic investigations 

  
•Cholera epidemic waves in 
London, starting in the 1850s. 
•Unfathomable sanitation 
conditions 
•The “Miasma” …bad 
air….was the cause of human 
illness 
•50 years before the 
recognition of the importance 
of germ theory 



 
The Ghost Map: 

A fascinating story about one of the first 
epidemiologic investigations 

  
•“The Queen’s Anesthesiologist”, 
John Snow takes an interest in 
investigating the etiology of 
Cholera 
•High mortality due to 
dehydration, especially in young 
children 
•Assisted by a local minister in 
active case finding….mapping 
the locations of the deceased 



 
Geopositioning of cholera cases  

points to an intervention  

• Cases were clustered in the 
now-fashionable SOHO district 

• Highest case loads were found 
in proximity to the Broad Street 
pump 

• Contamination of the pump 
casing by leaking contents of 
an adjacent household septic 
tank 

• Major uproar over closing down 
the pump, since cholera was 
caused by miasma, not 
something transmissible in 
water 
 
 



“The Machine that will help end TB” 

Cohen, J.  MIT Technology 
Review, Dec 2012 

In November 2011, Jabu 
Ngcobo, 25, felt a pain in 
her side and went to the 
KwaMsane clinic, which 
resembles a trailer park. 
 
 “I was all along thinking I 
had MDR TB because my 
two brothers and my sister 
had it,” says Ngcobo. 



“The Machine that will help end TB” 

Cohen, J.  MIT Technology 
Review, Dec 2012 

Ngcobo’s speedy 
diagnosis and recovery 
were made possible by a 
machine called a 
GeneXpert, which sits atop 
a counter inside one of the 
trailers…. 

…..and resembles a high-
end espresso maker.  

http://www.cepheid.com/systems-and-software/genexpert-system


The Coffeemaker Analogy Taken Further 

 Barrista:  Can I have your order please? 
 Customer:  I’d like a double shot decaf latte with 

a twist of lemon 
 Barrista: I’ll put your order in right away….it will 

be available for pickup next Wednesday 
 Why so long? 
 We run our decaf double shot lattes in batches 

three times a week, and you just missed the 
cutoff time for the Monday run 



Not to be mistaken for a  
double shot decaf lemon twist latte… 

  Sputum processing was the 
greatest technical challenge 
to Xpert test development 

 Often bloody and full of 
inflammatory cells 

 Cell-free DNA content makes 
it viscous and gravity-defying  

 Variable number of bacilli 
requires large sample 
volume 

 Requirement for inactivation 
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(Paradigm) Shift Happens: Xpert MTB/Rif 



Xpert® MTB/RIF 

 Studied >1,700 Patients  
• Peru, Azerbaijan, South Africa and 

India 

 Smear Positive Patients 
• 98.2% Sensitivity, 99.2% Specificity 

 Smear Negative, Culture Positive 
Patients 

• 90.2% Sensitivity with Three Samples 
• 72.5% Sensitivity with One Sample 

 Patients with Rifampin Resistance 
• 97.6% Sensitivity, 98.1% Specificity 

 
 

 

Rapid Molecular Detection of Tuberculosis  
and Rifampin Resistance’    
Catharina Boehme, et al. New England Journal of Medicine, 1 Sept, 2010 
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Cartridge Body 
with Multiple  
Reagent 
Reservoirs 

PCR  
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Interface 

Rotary Valve 

GeneXpert Cartridge 

• Critical interface 
between macrofluidic 
requirements of sample 
processing with 
microfluidics of PCR 

• Universal sample prep 
 Sputum, stool, blood, BAL, 

CSF, urine, swabs 

• Room-temp stability of 
reagents within 
lyophilized beads 

• Contamination Control 
via enclosed, real-time 
PCR  

• Nested PCR capability 
• Multiplexing capability 
• Built-in assay controls 

Patents -  6,374,684 & 6,391,541 



GeneXpert Systems 

GX-I GX-IV GX-XVI GeneXpert Infinity-80 System 

GeneXpert Module 

GX-II 

Common features:   
1) Any module can 

run any test in 
any order 

2) Always on, 
always Stat 
Capable 

5) All systems are 
electronically  
interface-able 

6)  Systems from 
GV4 to Infinity have 
been implemented 
under the HBDC 
program 
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Demonstration Studies:  
Impact of Rapid Testing 

• Decentralized testing: 
Significantly more results 
reported same day 
 

• Decentralized testing: 
Significantly more results 
reported overall 
 

• Significantly fewer MDR TB 
patients on ineffective Rx 
 

• Potential for significant 
impact on transmission 
dynamics 
 

• “Rapid molecular testing” 
can be slow and inefficient 
when done in central labs 
in these settings 
 
 



WHO Endorsment  
Leads to Rapid Uptake 



GeneXpert Placement Map 
More than 17.000 systems 



Question from WHO in 2010:  
Can we get the data? 

No ready answer at the time 
 Lunch meeting at Stanford with faculty 

candidate Jeff Klausner 
 Led to collaboration with Dennis Israelski, 

Eduardo Jerezinski and Wendy Schultz of 
InSTEDD 

Culminated in development of  C360 
cloud-based Dx monitoring software, 
released in 2017 



GeneXpert  

GeneXpert User 

Ministry of Health 
National Programme Manager 

Authorised Data Users 

Secure Cloud-based  Data Repository 
Test Results - System messages 

Dashboards - Maps 
 

Laboratory Supervisor 

Cepheid Support 

 
 

RemoteXpert System 
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C360 User Profiles Device 
Manage-

ment 
Governance 
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Research 
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Population: 55 million 
• TB Incidence: 454/100 000 (294-649) 

• HIV prevalence: 12% overall;  
18% in young women 

• 70% TB cases, co-infected with HIV 

• 6.3 million HIV infected, 3.4 million  
on first line ART 

South Africa’s Experience with Xpert® MTB/RIF  

WHO report 2016; SA investment case data 

South Africa 

TB incidence 
HIV-TB con-infection 

9.4 million tests, 10.4% MTBC, 6.9% Rif FR 
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314 GeneXpert instruments: 4180 modules 

Xpert Distribution (March 2011–March 2016) 
National Health Laboratory Service:  
All Gx Instruments Connected to a Central Data Warehouse 

• 207 sites servicing  

• ~4710 facilities from 
previous microscopy 
centres 

 

     Xpert Testing Labs 
     DOH Facilities 



20 © Cepheid. Confidential – For Internal Use Only. 
 

6.4 Million Xpert® MTB/RIF Results:  
Centrally Collected and Displayed  

Xpert positive tests  
2015 
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6.4 Million Xpert® MTB/RIF Results 

Xpert Rif R tests  
2015 
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Correlation of Probe Data to Rif Resistance 

Probe A 

Xpert Rif R 2015 

Probe B 

Probe E 

Probe D 
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100 years ago: the 1918 Flu Pandemic 
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• Xpress Flu/RSV design predicts ca.100% coverage for the 1918 pandemic flu 
strain recovered from corpses preserved in permafrost 

• Same predicted performance for avian and swine flu strains because of 
redundant design 
 

A CLIA waived test  
designed for  

worst-case scenarios 

What do we do with the Flu/RSV data? 
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C360 as a Predictor of Influenza Severity? 

• Predict Flu severity earlier in the season 
‒Better anticipation of antivirals, Dx supplies, HC burden 

• Leverage Cloud-based data aggregation 
‒Real time flu results, sorted according to HIPAA compliant 

parameters like age range (available now) 

‒Add vaccination status to C360 (new feature) 

‒  Viral load (CT values) across the sorted populations might give an 
indication of transmission pressure and relative vaccine 
effectiveness 

‒Early indicator of seasonal flu severity? 

‒Early indicator of novel pandemic strain? 

 



From the respiratory cloud….to the digital 
cloud….the digital miasma 

Out of Sputum, Snot, and Spittle-  
Precision Medicine and actionable  

Public Health information 
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