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The Ghost Map:

A fascinating story about one of the first
epidemiologic investigations
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*Cholera epidemic waves in
London, starting in the 1850s.
sUnfathomable sanitation
conditions

*The “Miasma” ...bad
air....was the cause of human
liness

50 years before the
recognition of the importance
of germ theory



The Ghost Map:

A fascinating story about one of the first
epidemiologic investigations

8 STEFVEN JOHNSON *“The Queen’s Anesthesiologist”,

John Snow takes an interest in

8 Investigating the etiology of

Eak B Cholera

GHDST MAP iy <High mortality due to

4 dehydration, especially in young

g children

B o 1 cnanged science, B *ASSISted by a local minister In

B Ciciceand e Motenworis [ @ctive case finding....mapping
£ the locations of the deceased
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Geopositioning of cholera cases
points to an Intervention

o (Cases were clustered in the
now-fashionable SOHO district

 Highest case loads were found
In proximity to the Broad Street
pump

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

e Major uproar over closing down
the pump, since cholera was
caused by miasma, not
something transmissible in
water
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“The Machine that will help end TB”

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 |
had MDR TB because my
two brothers and my sister

Cohen, J. MIT Technology had it,” Says NgCObO.
Review, Dec 2012



“The Machine that will' help end TB”

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.

Cohen, J. MIT Technology
Review, Dec 2012


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

The Coffeemaker Analogy Taken Further

> Barrista: Can | 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
iInflammatory cells

> Cell-free DNA content makes
It viscous and gravity-defying
> Variable number of bacilli

reguires large sample
volume

> Reguirement for inactivation




(Paradigm) Shift Happens: Xpert MTB/RIf FinD

4. Transfer 2mi

2 Shake b snd 10 mir —
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1. Add 2:1 Sample further 5 minutes
Automated sample preparation Xpert ™ MTB/Rif

Amplification and detection
<2h

Workflow

- fully automated with 1-step external sample
prep.

« time-to-result < 2 h (walk away test)

« throughput: up to 1-48 tests / run

* NO bio-safety cabinet

« closed system (no contamination risk)

Touncation
for nnovative new diagnostics

A technology platform for
» TB & Rif Resistance
» TB Quinolone resistance
= Potential for HIV viral load



Xpert® MTB/RIF

The NEW ENGLAND
JOURNAL o MEDICINE

L]
Rapid Molecular Detection of Tuberculosis
henai, Ph.D,, Fiorella Krapp, M / i ) ert Blakemor
Roxana Rustomjee D. Ph J S ien, Ph.D.,
b
ABSTRACT
BACKGROUND L]
sbal control of tuberculosis
particularly for the detection of drug-resistant forms and in patients with human im- £/
munodeficiency virus infection. Early detection is essential to reduce the death rate  many
and interrupt transmission, but the complexity and f i
methods limit their accessibility and eff
wETHODS s ihe U
We assessed the performance of Xpert MTB/RIF, an automated molecular test for  search ¢.
Mucobacerium tubsrcalosis (MTB) and resis in (RIF), with fally integr:
sing in 173 -sensitive or multidrug-resis-
tant pulmonary tuberculosis. Eligible patients 3, and
India provided three sputum specimens each. d with  Harb
N-acetyl-L-cysteine and sodium bydroxide before microscopy, solid and liquid culture, 1% "ered Lims Pers (K. £C1: Spe-
and the MTBIRIF test, and one specimen was used for direct testing with mictos-  byjan (g1). the b F nfectious
copy and the MTB/RIF test. o seases, N ¢
RESULTS New) wark (R.8, D.A); Cepheid,
Among culture-positive patients, a single, direct MIB/RIF test identified 551 0f 561 Surmviie CA (M. BHP); and the De
‘patients with smear-posit b osis (98.2%) and 124 of 171 with smear-nega- macs b ity Medieal ¢ .
tive tubereu 72.5% 04 of 609 patients wit dr
berculasis (99.2%). Among patients with smear-negative, culture-positiv .
losis, the addition of a second MTBIRIE test increased sensitivity by 12.6 PEICENtage o pudd 16, 1203 Conre Sertasond ot
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205 patients (97.6%) with rifampin-resistant bacteria and 504 of 514 (98.1%) With pyyihad an September | °

rifampin-sensitive bacteria. Sequencing resolved all but two cases in favor of the o

MTB/RT NiE

concLusions
‘The MTBIRIE test provided sensitive detection of tuberculosis and rifampin resis-
tance directly from untreated sputum in less than 2 hours with minimal hands-on
time. (Funded by the Foundation for Inno

A Journal of Medicine
0.For use only. No ather uses without permission.
110 Massachuseus Medical Society.




- Critical interface
between macroffuidic
requirements of sample

rocessing with '
fpnmmmgm of PCR
- Universal sample piej

~<—— Cartridge Body

> R e oL with Multiple
’ . Reagent
- Room-temp stability of Reservoirs
reagents withiin e
lyophilized beads
. Contamination Control
via enclosed, real-time
PCR — Rotary Valve

- Nested PCR capability

- Multiplexing capability
- Built-in assay controls

== Ultrasonic
Interface



GeneXpert Systems

Common features:
1) Any module can
run any test in
GeneXpert Module any order
e el TN ............coocce %) AlEys e
GX-1 GX-lI always Stat
Capable
5) All systems are
electronically
interface-able
6) Systems from

GX-IV GX_IXV| GeneXpert Infinity-80 Sys

GVA4 to Infinity have
been implemented
under the HBDC
program



Proportion of All Results Reported

Demonstration Studies:
Impact off Rapid' Testing

Xpert 99.4%

Microscopy 97.9%

82.8%

79.5%
80.4%

Molecular D/$"'I"” (LPA) Conventional DST

Positive cases reported

/ |
/ f
/ | 100%
/ f 7
/ [/

/
/
/
/
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Culture

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

Policy impact (1)

Q12011 ¢
99 GeneXperts

(524 modules)
in the public sector
in 23 countries

898 GeneXperts

. w , % b ' ¢
(4,660 modules) | ” v Ntag .
in the public sector Q3 2012 / |

in 73 countries

Data: FIND
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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

> LLed 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



C360 User Profiles

Patient-
Centric

Ministry of Health
National Programme Manager

Cepheid Suppor

loud-based Data Repository
Test Results - System messages '

RemoteXpert System
Administrator

Laboratory Supervisor

GeneXpert User
'I'-I'-'I'-'I'-I'-'I'-I'-'I'-I'-
B R B B R i3]
m--m- GeneXpert



South Africa’s Experience with Xpert® MTB/RIF

— Tests conducted using Xpert MTBIRIF, Mar 2011 - Jul 2015
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South Africa

Population: 55 million
i RIF resisance test results using Xpert MTB/RIF, Mar 2011 - Jul 2015
e TB Incidence: 454/100 000 (294-649) - CLE .
1  HIV prevalence: 12% overall; ‘
18% in young women .
. ¢ 70% TB cases, co-infected with HIV
: .
* 6.3 million HIV infected, 3.4 million g :
on first line ART i
1] : 10008 ?
—— 1B iNcidence
HIV-TB con-infection
. [ e R |
WHO report 2016; SA investment case data -
il 02 013 il 05
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Xpert Distribution (March 2011-March 2016)
National Health Laboratory Service:
All Gx Instruments Connected to a Central Data Warehouse

314 GeneXpert instruments: 4180 modules

e 207 sites servicing

« ~4710 facilities from
previous microscopy
centres

0 Xpert Testing Labs
DOH Facilities

BE UNSTOPPABLE! NSM 2018



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

Xpert positive tests
2015

Proportion Testing Xpert MTBIRIF Positive by District, 2015
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6.4 Million Xpert® MTB/RIF Results

Xpert Rif R tests
2015

Proportion Rifampicin Resistant on Xpert MTB/RIF by District, 2015
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Correlation of Probe Data to Rif Resistance

Frequency of Probe E Dropout using Xpert MTB/RIF by District, 2015

Probe E

Xpert Rif R 2015

Proportion Rifampicin Resistant on Xpert MTBIRIF by District, 2015
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Frequency of Probe A Dropout using Xpert MTBIRIF by District, 2015
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100 years ago: the 1918 Flu Pandemic

!
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Spanish Influenza

has endangered the prosecution

of the WAR in Europe.

There areisoocases in the Navy Yard
30deaths have already resulted

SPITTING SPREADS SPANISH
INFLUENZA DONT SPIT

BE UNSTOPPABLE! NSM 2018

INFLUENZA KILLS |
370,000 IN U. S. |

PATRIOTIC DRIVE AGAINST THE “FLL™
An onles s asrived teday,
Labaided red, wihite and hlcs,
“Ext sninms, plamty, swary diy, 4 | dlﬁl-w. threa oenls iha
Arel tmap weny the FThv'™ Em:‘-.]\.-'u wepply Ehe Lews,
Ard tat v by,
Wieh "what Ln Ift frem Libarty
Honds,
Ly In penr winter spply.

Eat More

ONIONS

One of the Best Preventatives
for Influenza, -

Car Load of Onions will be on sale-
on siding at Bessemer Freight
Station

TODAY and TOMORROW

Will Be Sold Direct from Car

Bring Your Own Sacks or Baskets if Possible




What do we do with the FIu/RSV data?

o Xpress FIu/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

BE UNSTOPPABLE! NSM 2018
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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
iIndication of transmission pressure and relative vaccine

effectiveness
—Early indicator of seasonal flu severity?

—Early indicator of novel pandemic strain?

© Cepheid. Confidential — For Internal Use Only | BE UNSTOPPABLE! NSM 2018



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

Public |

ealth information

From the respiratory cloud....to the digital

cloud...

the digital miasma
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