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Rapid Diagnostics for Infection 

Control:  Issues for Consideration

*How often does the laboratory ask you (Infection 
Preventionist) what tests you need?

*Would most Infection Preventionists know what molecular 
diagnostics or surveillance tests are available?

*In many cases, yes!

*In fact, Infection Preventionists have had a major influence 
over test selection in several hospitals.

*Infection Prevention can be a key ally that helps the 
laboratory acquire the new technology they need.



NPV of 1 negative PCR test available in <2 hours = 3 negative cultures where results took 5 days

Goal:  Get MRSA-negative patients out of costly isolation rooms

(CID 2013)

Clin Infect Dis. 2013 Jul;57(2):176-84



Estimated Effect on Unnecessary Contact Precaution 
Days Avoided and Costs Saved Justified Bringing PCR into the Lab

Strategy Passive 

cultures

Active 

surveillance 

cultures

PCR screening

Discontinuation rates of 

contact precautions

6.6% 26.2% 63.8%

Fewer contact 

precaution days

104 418 1841

Cost savings $86,950 $349,472 $1,539,180 

Clin Infect Dis. 2013 Jul;57(2):176-84



You may 
think of 

this…

But for
Infection
control

consider 
this…



(on line 2018)



“This study (in India) more than doubles the 
number of known B1 metallo-β-lactamases. The 
findings have further elucidated the diversity 
and evolutionary history of this important class 
of antibiotic resistance genes and prepare us
for some of the challenges that may be faced in 
clinics in the future.”

Environmental
reservoir

Reservoirs of antimicrobial resistance genes are growing



Numbers of CPE cases in France between January 2004 and 

December 2015, with and without a link to a foreign country (N=2026)

V. Pontiés et al. Épisodes impliquant des EPC en France – Bilan épidémiologique 
national au 31 décembre 2015 - Santé Publique 

Occurrence of CPE using an epidemiological scale of 

nationwide spread in 38 European countries

2013 2015

ECDC Evidence Brief Nov. 2015; Update on the spread of 
carbapenemase-producing Enterobacteriaceae in Europe

Carbapenemase-Producing Organisms  are Spreading 
and the Problem is Getting Worse



The “BIG 5” Carbapenemases
KPC, NDM, VIM, OXA-48, and IMP

Slide courtesy of P. Nordmann.
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IMP27
GES
IMI

Courtesy of Dr. Michael Mulvey LCDC 





Conclusions.” We observed extensive
transfer of KPC-positive patients 
throughout the exposure network of
14 acute care hospitals, 2 LTACHs, 
and 10 nursing homes. Although few 
cases were identified at most 
institutions, many facilities were 
affected. Successful control of 
KPC-producing Enterobacteriaceae 
will require a coordinated,
regional effort among acute 
and long-term health care facilities 
and public health departments. “

Chicago area hospital and long term care facilities
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Hospitals receive only a small proportion (1.8%) of CPE-colonized patients 
from hospitals outside of their own region. Most spread of CPE was  from patients 

moving from hospital to hospital within their region

Wide
Variety 
Of CPE
Types
From 
2008 –
2014

Every 
region

showed
increase 

in CPE
over 
study
period





Lungs

Infection sites:
Virtually any 

body site Colonization
Sites

Wounds
Skin

Detected through routine clinical cultures Only detected through surveillance testing

Carbapenem-resistant Enterobacteriaceae: 
Causes infections  but also colonization



* Challenges to Screening for Gastrointestinal Carriage

* Time to detection:

* PCR-based methods = ≥48 minutes

* Culture-based methods = 48-72 hours (culture plus susceptibility testing, which may require a day 

to get a pure culture from chromogenic agar)

* Detecting organism with low carbapenem MICs

* Not all carbapenem resistance genes are expressed at high MIC levels; this can be species related 

(low MIC in Citrobacter but high MIC in K. pneumoniae)

* PCR-based methods have the advantage here

* Detecting low numbers of organisms

* Organism may have high carbapenem MICs, but there may be low numbers of organisms present in a 

rectal swab.  Without broth enrichment these may be missed

* PCR has greater sensitivity than un-enriched cultures; similar to broth enriched culture

* PCR amplification methods: expensive and new mechanisms will escape detection



Day 1 Day 2 Day 3 Day 4

Rectal swabs for 
traditional 

culture method
on chromagar

Perform
culture on
chromagar
(18-20 hr)

Presumptive 
positive;

subculture 
isolate

(18-20 hr)

Perform 
susceptibility 

test for
resistance
(18-20 hr)

PCR results 
In 48 Min

PCR Can Facilitate Infection Control Activities 

and Stewardship

Rectal Swabs for
PCR testing

Susceptibility 
test 

results 
confirm CRE

Not all tests available in 
all countries

Traditional cultures of 
clinical specimen

Perform
culture on

BAP, MAC agar
(18-20 hr)

Perform 
susceptibility 

test for
resistance
(18-20 hr)

PCR results 
In 48 Min

Determine mechanism of 
carbapenem resistance from pure 
colonies for therapeutic strategies 

and CPE resistance gene typing 

Opportunity for early 
Interventions to prevent

spread of CPE



Not all tests available in all countries

This is on-label testing done by nurses

97%



Not all tests available in all countries

Culturee PCR

Off-label use: Not approved for environmental samples



Clostidium difficile and your Microbiome 

—Think Life on the Beach

Normal Gut Flora Gut after Antibiotics

C. diff finds a nice spot C. diff Infection
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Clinical Infectious Diseases, Volume 66, Issue 7, 19 March 2018, Pages e1–e48
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Screen

Confirm

GDH +toxin together



1.)  Meets clinical definition of CDI
2.)  Patient not on laxatives
3.)  Stool is not formed

Formed stool tested with NAAT may indicate colonization

Clinical Infectious Diseases, Volume 66, Issue 7, 19 March 2018, Pages e1–e48



Checking to make sure patient has diarrhea and 
did not get a laxative in the prior 48 hours reduces 

the number of tests run dramatically, lowers the
CDI rate, and decreases vancomycin use

Not all tests available in all countries



Key Issues About Testing Formed Stool 

*None of the C. difficile tests, including PCR, 

GDH, and toxin assays, can reliably 

differentiate colonization from infection if 

formed stools are tested. 

*However, anyone with toxigenic C. difficile, 

including asymptomatic carriers, needs to be in 

contact precautions because they can spread 

disease. 



C. difficile Summary

*NAAT as a stand alone test is acceptable in the new IDSA-SHEA 
guidelines as long as the hospital has policies in place to insure 
that only patients with clinical CDI are tested, they are not on 
laxatives, and formed stools are not tested in the laboratory. 

*ESCMID guideline stresses the importance of algorithm testing to 
take advantage of the sensitivity of NAAT or GDH, coupled with 
the specificity of toxin testing

*Algorithms that start with GDH may benefit from NAAT testing for 
GDH-positive/toxin-negative specimens

*Data suggest that placing colonized patients in contact 
precautions can help control spread of C. difficile in a hospital.

*We are still learning about CDI. In terms of testing, isolating, and 
treating – one size does not fit all. 



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

TB and rifampin resistance results in 110 minutes direct from specimen

Not all tests available in all countries



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%
Not all tests available in all countries



Not all tests available in all countries



Not all tests available in all countries



New Xpert® MTB/RIF Ultra 

Both assays

System GeneXpert (6-color)

Sample type Sputum, induced sputum, sediment

Sample Incubation 15 min inactivation with Sample Reagent

Xpert MTB/RIF Xpert MTB/RIF Ultra

Target(s) rpoB rpoB, IS1081 & IS6110

Reaction Tube 25 µL 50 µL

Detection Method Hemi-Nested PCR
Fully Nested PCR + Melt 

analysis

Turn around Time 110 minutes ~80 minutes

* CE-IVD. In Vitro Diagnostic Medical Device. Product may not be available in all countries
Ref: 301-5987, Rev. D May 2017 Xpert MTB/RIF Ultra product insert; 301-0191, Rev. D, November 2014, MTB/RIF product insert



Not all tests available in all countries



*“Antimicrobial stewardship is a coordinated program that 

promotes the appropriate use of antimicrobial agents, 

improves patient outcomes, reduces microbial resistance, and 

decreases the spread of infections caused by multidrug-

resistant organisms.”

*Stewardship programs stress choosing the right drug, at the 

right dosage, for the right duration. Antimicrobial stewardship 

is not just antibacterial drugs, but antivirals, antifungals, and 

antiparasitic agents

http://www.apic.org/Professional-Practice/Practice-Resources/Antimicrobial-Stewardship

One Key Antidote for Controlling Resistance: 
Antimicrobial Stewardship Programs
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Molecular tests
with antibiotic
stewardship
programs: positive 
impact

Molecular tests
without antibiotic
stewardship
programs: positive 
impact

Overall impact is positive

Meta-analysis of 
Impact of rapid
diagnostic tests



Wound gets 

infected; lose €100

Who is
winning 

the resistance 
game?

Humans or
Bacteria?

Progress is being 
made (by 

humans) but 
bacteria have 
been on the 

planet for 1.2 
billion years and 
are very clever at 

surviving



Summary
*Reservoirs of antimicrobial resistant organisms are increasing

*Carbapenem-resistant organisms continue to emerge and 
molecular diagnostics can be useful for surveillance

*C. difficile guidelines from Europe and the US differ 
regarding the need for toxin testing if specimens from 
patients who may be colonized are excluded from testing

*Molecular diagnostics can aid with infection control decisions 
with tuberculosis particularly for removing patients from 
respiratory isolation

*Infection control and antimicrobial stewardship go hand 
in hand



Visit us at www.cepheid.com

Thank You.


