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Clinical Laboratory Accreditation

• CLIP = Clinical Laboratory Improvement Program
– Result of Clinical Laboratory Improvement Amendments (CLIA) 

of 1988
– Mechanism by which the Centers for Medicare & Medicaid 

Services (CMS) regulates laboratory testing
– All clinical laboratories must be properly certified to receive 

Medicare/Medicaid payments
• CAP = College of American Pathologists

– Accrediting body for hospital pathology and laboratory services
– 2 year accreditation cycle

• Purpose: to ensure quality results, drive implementation 
of Quality Control/Quality Assurance measures

• Effect: Labs frequently limited to FDA-approved methods 
and/or labor-intensive laboratory-derived tests



Clinical Scenario #1
50 year old female, recently Army retiree presents 1 year 

out from a right total knee replacement with worsening 
knee pain and mild swelling along with some night sweats. 
She is taken to the OR and the hardware is removed and 

sent down to the lab for culture…



Bacterial Culture and Identification 
Timeline

1 hr





Basic Principles of Specimen 
Collection

• Healthy, actively growing organisms 
(acute, pre-antibiotic)
• Minimize normal flora where you can 
(sputum, urine)
• Eliminate normal flora where you must (blood)
• Tissue/Fluid is better than Swabs 
(and sometimes essential)
• More Swabs are better than Less Swabs
• Sooner is always better
• Use the right transport media
• Store at the right temperature



Bacterial Culture and Identification 
Timeline

1 hr 1 hr



Gram Stain



Antibiotic Therapies
Gram Positive vs. Gram Negative
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Bacterial Culture and Identification 
Timeline

1 hr 1 hr

~18 hrs
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Selective Differential Media

E.coli O157:H7 Clostridium difficile Enterobacteriaceae

Salmonella spp./Shigella spp. Bacteriodes spp.
Yersinia spp. (i.e. Plague)



Bacterial Culture and Identification 
Timeline

1 hr 1 hr

~18 hrs



Biochemically-Based Identification 
Methods

Indole test (E.coli)

Catalase test (Staph/Strep)

Lancefield Group typing (Strep species)



Automated Biochemical Systems

• Identification and
Susceptibilities
• ID based on 
biochemical profile
• Antibiotic breakpoints 
based on CLSI 
standards
• Some susceptibilities 
reported out as 
standard, some 
withheld and reported 
out by exception

• Pure culture required
• ~18 hour cycle

Examples:
• Biomerieux Vitek
• Becton Dickinson Pheonix
• Beckman Coulter MicroScan



• Biochemical Tests
– Triple Sugar Iron Agar / Kligler Iron Agar
– Indole production
– Methyl Red test
– Voges-Proskauer test
– Citrate utilization
– Nitrate reduction
– Urease production
– Oxidase activity
– Carbohydrate fermentation (Adonitol, Arabinose, Inositol, Sucrose)
– Decarboxylation of Lysine, Ornithine, and Arginine (amino acids)
– Phenylalanine Deaminase production
– o-Nitrophenyl-β-D-galctopyranoside (ONPG)

• Tests for β-galactosidase; helpful in identifying late lactose fermenters
– Hydrogen Sulfide production
– Motility

Laboratory Diagnosis

Make up the 13-tube 
biochemical ID panel



LF? Motility Indole Methyl
Red

Voges
Proskauer

H2S Citrate Urease

K. pneumoniae Yes - - - + - + +

K. oxytoca Yes - + - + - + +

Y. pestis No - - + - - - -

Y. enterocolitica No + (25 C) V(50%) + - - - +

E. coli Yes + + + - - - -

Shigella No - -/+ + - - - -

Salmonella No + - + - + + -

S. Typhi No + - + - + 
(wk)

- -

P. mirabilis No + (sw.) - + - + +/- ++

P. vulgaris No + (sw.) + + - + - ++

Biochemical Testing





Bacterial Culture and Identification 
Timeline

1 hr 1 hr

~18 hrs

~24 hrs

Total time to ID: ~48 hours
Total time to antibiotic profile: ~48 hours



Antibiotic Therapies
Knowing the species matters
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Matrix Assisted Laser Desorption 
Ionization-Time Of Flight

(MALDI-TOF)
• Protein-based identification

• Accuracy comparable to Nucleic 
Acid Sequencing

– >98% accuracy compared to 16S 
RNA sequencing

• Much faster than traditional 
methods

– ~200 IDs an hour from a pure 
colony (requires initial culturing)

• Cost effective (with large initial 
capital investment)

– Less than a dollar per test

• Two commercially-available, 
FDA-approved platforms

– Bruker MS Biotyper
– Biomerieux Vitek MS



• Measures highly abundant proteins found in all organisms (ex. 16S Ribosomal proteins)
• Creates a spectra fingerprint to compare against a database of known organisms

MALDI-TOF



• Measures highly abundant proteins found in all organisms (ex. 16S Ribosomal proteins)
• Creates a spectra fingerprint to compare against a database of known organisms

MALDI-TOF



MALDI-TOF



Version 1.0 Approved Organisms
Acinetobacter baumanii Micrococcus luteus
Aeromonas hydrophilia Moraxella catarrhalis 
Aggregatibacter aphrophilus Neisseria gonorrhoeae 
Arcanobacteria pyogenes Neisseria lactamica 
Bacteroides fragilis Peptostreptococcus asaccharolyticus 
Bacteroides uniformis Prevotella melaninogenica 
Burkholderia cepacia Propionibacterium acnes 
Campylobacter jejuni Proteus mirabilis 
Clostridium perfringens Pseudomonas aeruginosa 
Clostridium sordelli Serratia marcescens
Corynebacterium diptheriae Staphylococcus aureus 
Corynebacterium pseudodiptheriticum Staphylococcus epidermidis 
Eikenella corrodens Staphylococcus lugdunensis
Enterobacter aerogenes Staphylococcus saprophyticus 
Enterobacter cloacae Stenotrophomonas maltophilia 
Enterococcus faecalis Streptococcus agalactiae 
Enterococcus faecium Streptococcus constellatus
Enterococcus gallinarum Streptococcus dysgalactiae 
Escherichia coli Streptococcus equi 
Fusobacterium necrophorum Streptococcus pneumoniae 
Haemophilus influenzae Streptococcus pyogenes 
Klebsiella oxytoca Streptococcus sanguinis 
Klebsiella pneumoniae

Version 2.0 had hundreds.  Version 3.0 at FDA now…



• Overall, ~93% success rate (2010 – databases continually improving)
• Generally:

– Gram negative identification easier, more successful than Gram positives
– More common organisms more successful than less common organisms
– Certain bacteria (Corynebacterium, Actinomycetes), Mycobacteria, Molds, Yeasts 

lagging behind others, but catching up
– Lack of identification (poor database coverage) much, much more likely than mis-

identification
– Exceptions in the case of several closely related species

• NLF E. coli and Shigella
• Streptococcus pneumoniae and Streptococcus mitis
• Certain Select Agents





Bacterial Culture and Identification 
Timeline

1 hr 1 hr

~18 hrs

~24 hrs

Total time to ID: ~48 hours
Total time to antibiotic profile: ~48 hours



Bacterial Culture and Identification 
Timeline

~18 hrs

10 
min

Total time to ID: ~24 hours

~24 hrs

1 hr 1 hr



50 year old recently female retiree presents 1 year out from 
a right total knee replacement with worsening knee pain 
and mild swelling along with some night sweats. She is 
taken to the OR and the hardware is removed and sent 

down to the lab for culture… After 24 hours she has light 
growth of a short Gram negative rod growing only on the 
chocolate agar plate. MALDI identifies it as Haemophilus

influenzae. She is treated with ceftriaxone for 6 weeks and 
her repeat cultures are negative and new hardware is 

placed and patient doing well to date.

Clinical Scenario #1





What accreditation does your 
hospital use?


