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OBJECTIVES

 Provide an overview of the diversity and complexity of laboratory testing

 Describe current culture-based and culture-independent methods used for 
bacterial identification

 Understand strengths and weakness of each approach

AN ANALOGY
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WHAT ARE OUR “UTENSILS”

Culture-dependent Culture Independent

Biochemical tests

 Oldest approach

 ID based on physiologic or metabolic 
characteristics of an organism

 Require pure isolate (viable)

 Non-targeted (hypothesis-free)

WHAT ARE OUR “UTENSILS”

Culture-dependent Culture Independent

Biochemical tests

 Oldest approach

 ID based on physiologic or metabolic 
characteristics of an organism

 Require pure isolate (viable)

 Non-targeted (hypothesis-free)

Mass spectrometry (MALDI-ToF MS)

 Adopted within last decade

 ID based on analysis of cellular peptides

 Performed directly on specimen

 Targeted (hypothesis-based)

Nucleic acid amplification tests (NAATs)

 Targeted detection of short genetic 
sequence unique to specific organism

 Singleplex & Multiplex PCR, Microarray

 “Hypothesis-based”

Nucleic acid sequencing tests

 Targeted (16s rRNA)

 Non-targeted (mNGS)

 “Hypothesis-free”
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Biochemical identification

 Identification based on “global” metabolic capabilities of isolate

 Individual tubes, single substrate (+/-)

 Requires pure, metabolically active isolate

CULTURE-DEPENDENT

Biochemical identification

 Identification based on “global” metabolic capabilities of isolate
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 Requires pure, metabolically active isolate

CULTURE-DEPENDENT
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Biochemical identification

 Identification based on “global” metabolic capabilities of isolate

 Individual tubes, single substrate (+/-)

 Requires pure, metabolically active isolate

CULTURE-DEPENDENT

Limitations
 Non-reactive organisms

 Fastidious organisms

 Limited “reference” library

Mass spectrometry (MALDI-ToF MS)

 Identification based on specific (ribosomal) protein signature

 Introduced ~2010 as FDA-cleared bacterial identification system

 Requires pure isolate

CULTURE-DEPENDENT
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Mass spectrometry (MALDI-ToF MS)

 Identification based on specific (ribosomal) protein signature

 Introduced ~2010 as FDA-cleared bacterial identification system

 Requires pure isolate

CULTURE-DEPENDENT
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What are these peaks?
How do we use them to get an identification?

Mass spectrometry (Bruker)

 Identification based on specific (ribosomal) protein signature

CULTURE-DEPENDENT

Comparison of peaks
1. Reference vs. sample
2. Sample vs reference
3. Amplitude

Score
1. Numeric 1-10
2. Multiply
3. Log convert

Criteria
1. >2.0  Species ID
2. 1.7-2.0  Genus ID
3. <1.7  Unreliable
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Mass spectrometry (Vitek)

 Identification based on specific (ribosomal) protein signature

CULTURE-DEPENDENT
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28
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Comparison of peaks
1. Reference vs. sample

Score
1. Each peak assigned “bin”
2. Bins weighted
3. Add total score

Criteria
1. Score/Max score
2. Report as “% confidence”

Depth of library (more isolates) captures diversity  better scores

CULTURE-DEPENDENT
 Vitek MS

 Floor instrument

 Single use disposable plate

 48- spot (3 plates /run)

 CPU with spectra analysis software

 “% confidence score”

 Easily integrated with Vitek 2  AST

 FDA-cleared for ~400 microbe species
 207 mold/yeast, 16 Nocardia, 39 mycobacteria

 Average of 40 spectra/species
 E. coli: 437 strains, 681 spectra

 S. aureus 348 strains, 456 spectra

 Weirdobacter spp?
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CULTURE-DEPENDENT
 Maldi Biotyper CA

 Benchtop instrument

 Reusable steel target plate 

 48- or 96-spot

 CPU with spectra analysis software

 Requires interface with AST system

 Collapse/cross-walk of IDs

 FDA-cleared for -350 microbes

 40 yeasts, 5 Nocardia, 0 Mycobacteria

 Separate libraries for AFB, Mold, BT agents

“RUO” library double in size

Workflow comparison

 Biochemical vs MALDI-ToF MS

CULTURE-DEPENDENT

Wound, 
throat, urine, 

stool

Primary culture Subculture

What’s significant? Adequate inoculum
Gram stain

Phenoptypic ID

GN, GP, Strep, Ana

24h 24h

12-24h

Non-reactive bacteria?  Miss-read Gram stain?  Cost?

60-72 h
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Workflow comparison

 Biochemical vs MALDI-ToF MS

CULTURE-DEPENDENT

Wound, 
throat, urine, 

stool

Primary culture

What’s significant?

24h

Non-reactive bacteria?  Miss-read Gram stain?  Cost?

24 h

2 min

30 sec

Performance/accuracy (n = 980 isolates)

CULTURE-DEPENDENT

Major error = incorrect genus
Minor error = incorrect species

Staph, Rothia

Strep, Enterococcus

???

JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 2010, p. 900–907
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Performance/accuracy (n = 980 isolates)

CULTURE-DEPENDENT

Major error = incorrect genus
Minor error = incorrect species

Staph, Rothia

JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 2010, p. 900–907

MALDI-TOF MS
“Corynebacterium spp.”

 Gram-positive, catalase positive bacilli

 ~100 species of Corynebacterium

 Many other “coryneform” genera with similar appearance

 (Dermabacter, Arthrobacter, Brevibacterium)

 Common skin commensal

 Rarely associated with infection  frequently considered skin contaminant

 Not included in phenotypic libraries

 Difficult to discriminate species based on spot biochemicals
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MALDI-TOF MS
“Corynebacterium spp.”

 MALDI enabled easy reporting and accurate ID  recognition of important associations

 C. macginleyi conjunctivitis

 C. urealyticum urinary tract infection (stones)

 C. kroppenstedtii granulomatous mastitis

 C. tuberculostearicum wound infection

 Turicella otididis otitis media

 Policy change to auto report these species and AST when isolated from appropriate sources

 Other Corynebacterium spp reported at “normal skin flora”

Do we still need biochemical tests?

CULTURE-DEPENDENT

MALDI Biochemical

Breadth of IDs >1,000 200-300

Accuracy (species) >95% 85%

Time to result 30 sec. 12-24 h

Cost $0.25 $8.00

Gram-stain dependence No Yes
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MALDI-TOF MS Warning
Over-reliance

 PT survey – Simulated urine culture containing GNR

 MALDI-ToF result All “top 10” results have 
confidence scores >2.0
(high confidence)

We reported “P. hauseri”

MALDI-TOF MS Warning
Over-reliance

 PT survey – Simulated urine culture containing GNR

 Intended answer:  Proteus vulgaris
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MALDI-TOF MS Warning
Over-reliance

 PT survey – Simulated urine culture containing GNR

 Intended answer:  Proteus vulgaris

MALDI-TOF MS Warning
Over-reliance

 PT survey – Simulated urine culture containing GNR

 Acknowledged limitations (the “fine print”)
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MALDI-TOF MS Warning
Pseudo-outbreak

 Mycobacterium chimera

 NTM related to M. avium/intracellulare

 Rarely recognized as cause of human infection (poorly differentiated form MAC)

 2015  Identified as cause of indolent infections following open chest surgeries

 Linked to heater-cooler units used during surgery

Spring 2021 - IPAC identified several patients with “M. chimera” infection at community hospital

MALDI-TOF MS

Modify reporting to:
• Accommodate strengths and limitations of MALDI-ToF
• Help providers interpret “new” organisms

Cutibacterium acnes (Propionibacterium acnes)

Bacterioides ovatus (Bacterioides fragilis group)

“M. intracellulare/chimera”Undifferentiated species:

Increased accuracy:

Updated taxonomy:

Addressing the changes
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MALDI-TOF MS
Conclusion

 Be aware of limitations!

 Align your LIS reportables with MALDI-ToF capabilities

 Don’t report species that cannot be differentiated

 Build algorithms to include biochemical tests

MALDI-ToF report

P. vulgaris, P. hauseri or P. penneri

Spot Indole

P. vulgaris/P. hauseri P. penneri

Clinical picture MALDI Biochems Epidemiology

BACK FOR A SNACK
Pure isolate

“Is this BBQ or teriyaki?”
Primary specimen

“What is in this?”
“Does this contain onions?”
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Molecular tests

 Targeted

 Amplified “PCR” tests

 Single-target (SARS-CoV-2, MRSA)

 Multiplex (Respiratory virus panel)

 Quantitative (HIV, CMV, etc.)

 Non-targeted

 16S rRNA sequencing

 NGS

CULTURE-INDEPENDENT IDENTIFICATION METHODS

FAST, Sensitive, Inexpensive (relatively)

Biased!

Slow, less sensitive, Expensive (relatively)

Unbiased!

Targeted

 Gene Xpert (Qualitative RT-PCR)

 1-4 targets, 40-90 min TAT.

 SA/MRSA

 Cdiff

 Sars/Flu

 MTB

CULTURE-INDEPENDENT IDENTIFICATION METHODS

On-demand, Sample-to-answer, Detected/Not detected 
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Xpert benefits

 Cdiff

 The need:  Rapid result, high NPV to guide specific intervention

CULTURE-INDEPENDENT IDENTIFICATION METHODS
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Rapid Antigen tests

*14/18 FP positive by alternative PCR test

Xpert benefits

 Cdiff

 Positive impact of high sensitivity – “I believe the result!”

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Now with gg
With 2 h TAT, C. difficile-specific therapy often held until result is available
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Xpert benefits

 Cdiff

 Negative impact of high sensitivity – “Is this a clinically significant finding”

CULTURE-INDEPENDENT IDENTIFICATION METHODS

 Evidence

 Colonization: 5%-15% asymptomatic carriage (up to 57% in LTAC patients)

 Therapy not effective at eliminating spores, negative impact of unnecessary abx

 Test of Cure: Detection of residual Cdiff DNA following treatment/resolution of symptoms

 Quality metrics: Reported as Hospital Acquired Infection (HAI) if initial detection >3 days from admission

How do we reap the benefits of high sensitivity and mitigate the harm?
(Right patient, Right time, Right test)

Xpert Cdiff utilization

 Right patient: decision support

 Automatic screen for common contraindications

 BPA for patients who have received laxatives or enema in past 24 h

CULTURE-INDEPENDENT IDENTIFICATION METHODS
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Xpert Cdiff utilization
 Right time: Laboratory utilization

 Cancel repeat test orders (7-day  positive, 14-day negative)

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Buchan et al. Diagnostic Microbiology and Infectious Disease 90 (2018) 307–310

Xpert Cdiff utilization
 Right time: Laboratory utilization

 Cancel repeat test orders (7-day  positive, 14-day negative)

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Buchan et al. Diagnostic Microbiology and Infectious Disease 90 (2018) 307–310
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Xpert Cdiff utilization

 Right test(s): Algorithmic approach

 Use of sensitive initial “screen” followed by specific “confirmation”

 Aids in reporting only cases with high likelihood of clinical significance

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Pt does not have C. difficile

Symptoms likely due to C. difficile

May represent infection or low 
level colonization, clinical 

correlation required

Targeted

 BioFire (Amplified, miniturized-singleplex)

 18-35 targets, 45-75 min

 Meningitis/Encephalitis

 Respiratory virus

 *new* Pneumonia (bacterial and viral)

CULTURE-INDEPENDENT IDENTIFICATION METHODS
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BioFire ME Panel

 Tested 751 CSF – 57 (7.5% positive)

CULTURE-INDEPENDENT IDENTIFICATION METHODS

◦ Pathogens             Total Stain(+)
◦ E. coli:                          2        0  (0%)
◦ H. influenzae:                2         1 (50%)
◦ S. pneumoniae:           6       4 (66%)
◦ N. meningitidis:          2       1 (50%)
◦ Grp B streptococcus:    1        0 (0%)

◦ Gram Stain
◦ 46.2% sensitive (6/13)

◦ 0/4 S. pneumo grew in CSF culture

◦ CSF culture
◦ 15.4% sensitive (2/13)

◦ 1/2 N. meningitidis, 1/2 H. influenzae

Bacterial n=13 (22.8%) Viral n=39 (68.4%) Fungal n=5 (8.8%)

◦ Pathogens             Total
◦ HSV-1                         5     
◦ HSV-2:                        7   
◦ CMV:                      1   
◦ VZV:                       8       
◦ Enterovirus:            10 
◦ HHV-6                    9

◦ Dual-positive
◦ CMV + HHV-6

◦ Untreated AIDS
◦ CMV retinitis/encephalitis

◦ Pathogens             Total Stain(+)
◦ Cryptococcus sp:             5         4  (80%)

◦ CSF culture
◦ 80.0% sensitive (4/5)

◦ CSF antigen
◦ 100% sensitive (5/5)

BioFire ME Panel

 Positive impact

CULTURE-INDEPENDENT IDENTIFICATION METHODS
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Routine Method Molecular Meningitis Test

P<0.05 P<0.05 P=0.06

◦ Reduced exposure to unnecessary abx
◦ Toxicity, MDR, C. difficile disease

◦ Reduce admission rate for Enterovirus
◦ Common, self-limited cause of CA meningitis

◦ Save $3,000 per positive patient not 
admitted
◦ Robinson et al. Pediatr Infect Dis J 2002

◦ Cost neutral
◦ $239.63 (SOC) vs. $239.14 (FA-ME)

◦ SOC includes multiple Dx tests (Culture, multiple 
viral PCR), labor, unnecessary Abx

◦ Soucek et al. J. Pharm Practice 2017
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BioFire ME Panel

 Drawbacks – What’s missing?

 Not recommended for traumatic or surgical infections

 Not recommended for infections with indwelling hardware

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Not on ME Panel

 S. aureus

 CoNS

 Enterococcus

 P. aeruginosa

 A. baumannii

 Enterobacterales
other than E. coli K1

 C. acnes

BioFire ME Panel

 Drawbacks

 High sensitivity – Susceptible to contamination

 S. pneumoniae common in upper respiratory tract specimens and individuals

CULTURE-INDEPENDENT IDENTIFICATION METHODS

7/16 detection were false-positive, 56% positive predictive value!
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BioFire ME Panel

 Drawbacks

 High sensitivity – Susceptible to contamination

 S. pneumoniae common in upper respiratory tract specimens and individuals

CULTURE-INDEPENDENT IDENTIFICATION METHODS

7/16 detection were false-positive, 56% positive predictive value!

 Mitigation

 All CSF with ME Panel order processed in dedicated hood prior to other orders e.g. culture

 Add-on orders require director approval

 No approval if specimen has been on heme/chem/cytology automation

 Not sterile/DNA-free!

BioFire ME Panel

 Drawbacks

 Qualitative, analytic result…is detection clinically significant?

 HHV-6  Most common viral target detected (20-25%)

 Latency in oligodendrocytes in CNS, monocytes, macrophage

 Sub-clinical reactivation in 53% of critically ill patients

 Ci-HHV-6 in ~1% of human population

 HHV-6 encephalitis well described in HSCT, but rare elsewhere

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Similar may be true of other integrated herpesviruses e.g. VZV, CMV, HSV

Green et al. CID 2018:67 (1 October)

Up to 80% of HHV-6 detections in CSF deemed to be of unlikely clinical significance
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BioFire ME Panel

 Drawbacks

 Mitigation – Clinical and laboratory correlation

 Assess patient risk factors (HSCT vs “community acquired” meningitis/encephalitis)

 Cranial imaging for consistent MRI findings (bilateral hyperintensity of medial lobes)

 Rule out ci-HHV-6 (dPCR)

 Plasma HHV-6 viral load

 <10,000 copies/mL encephalitis extremely rare

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Green et al. CID 2018:67 (1 October)

Non-Targeted (sequencing)

 “16s”

 Target bacterial 16s rRNA

 PCR-based amplification of 500-700 bp target

 Sanger sequence analysis of amplicon

CULTURE-INDEPENDENT IDENTIFICATION METHODS

In theory, this enables…

 Unbiased “hypothesis-free” identification of bacteria in a specimen

 Independent of culture viability (antibiotic-exposed, fastidious)

 Sensitivity similar to targeted PCR

 “Rule out” an infectious etiology
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Non-Targeted (sequencing)

 Caveats a plenty!

 Specimen

 Monomicrobial (sterile tissue/fluid)

 Fresh (non-FFPE)

 Sensitivity

 Targeted PCR > 16s

 Culture?

CULTURE-INDEPENDENT IDENTIFICATION METHODS

N=394 sterile fluids

Rampini et al. CID 2011:53 (15 December)

16S

16S

Non-Targeted (sequencing)

 Caveats a plenty!

 Culture-negative specimens

 Sterile fluids/tissues  42% sensitive

 PJI synovial fluid  35% sensitive

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Rampini et al. CID 2011:53; Bemer et al. J Clin Microbiol 2014:52 (10); Payne et al.  Can J Infect Dis and Med Microb 2016

Culture negative, high index of suspicion for bacterial infection

29%

Low organism burden  16s has relatively high LoD
Can not be used to rule out infection!!!!!!!
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Non-Targeted (sequencing)

 “real world” impact

 Unregulated ordering: 163 specimens over 10 months  16s and culture

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Maybe?  Narrow Abx based on ID

 Conclusions

 <5% of cases provide 
clinically useful/actionable 
information

 Does not provide 
susceptibility result e.g. 
MRSA vs MSSA

 Long TAT, may report 
results after completing 
empiric therapy

 Additional cost to hospital 
is $75-100k

Non-Targeted (sequencing)

 Test utilization – Maximize benefits of expensive and low yield test

 “Freeze and hold”

 Freeze portion of tissue/fluid until culture completed

 Preference for stain positive (gram or histology)

 If culture-negative, these are good candidates for 16s

 Consideration for source (sterile vs non-sterile)

 Non-sterile source, polymicrobial stain will not generate useful information

 Recommend specific PCR rather than general 16S

 If specific concern for S. aureus, Toxoplasma, Pneumocystis, MTB, etc. consider specific PCR

 Increase sensitivity and specificity!

CULTURE-INDEPENDENT IDENTIFICATION METHODS
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Non-Targeted (sequencing)

 Metagenomic NGS (mNGS), the “Whole enchilada”

 Truly unbiased sequencing approach

 bacterial, viral, fungal, human

CULTURE-INDEPENDENT IDENTIFICATION METHODS

In theory, this enables…

 Unbiased “hypothesis-free” identification of any/all organisms in a specimen

 Sensitivity similar to targeted PCR

 “Rule out” an infectious etiology

mNGS

 Caveats a plenty!

 Interpretation

 Non-quantitiative

 Relatively sensitive

 Non-targeted

 Interfering signals

 Human DNA accounts for >90% of nucleic acid in blood & tissue specimens

 Reduces sensitivity for low abundance microorganisms

 Too few microorganism reads to map  poor ID or unable to ID

CULTURE-INDEPENDENT IDENTIFICATION METHODS

“Cast a wide net and you catch a lot of fish”
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mNGS

 Caveats a plenty!

 Lymph node – culture-negative abscess

 Sanger 16S failed, multiple bacterial sequences present

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Can bugs with predominant reads be assumed to be predominant?

Are the low concentration reads significant?  Contaminant?

mNGS

 Caveats a plenty!

 Read prevalence vs true prevalence

 What is the LoD of mNGS for various microorganisms

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Factors influencing sensitivity…genome size, susceptibility to lysis, complete genome availability
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mNGS

 Caveats a plenty!

 Low level organism…or low level contamination?

CULTURE-INDEPENDENT IDENTIFICATION METHODS

Lab 1 Lab 2 Lab 3

mNGS

 Outcomes….

CULTURE-INDEPENDENT IDENTIFICATION METHODS

What about the 18 additional detections?

7 HIV (all patients seropositive)
8 herpesviruses (EBV, CMV, HSV, HHV-6)
Rhinovirus
Rotavirus

• Questionable clinical significance
• Targeted PCR tests available
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 Advances in technology has provided the laboratory with fantastic tools for identification of 
microorganisms (isolates and direct specimen)

 Maximal benefit relies on

 Appropriate utilization – right patient , right test, right time

 Understanding the strengths and limitation of each approach

 Considering all test results in the context of the clinical picture

 Clinical microbiologists have specific training and expertise in laboratory diagnostics

 While hidden behind the curtain, we are happy to provide guidance to help provide the best patient care

CONCLUSIONS


