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Testing the CDPHE Laboratory 
• Public Health Microbiology Laboratory 

– Focus on patient specimen 
– Bacterial Identification & Characterization  

• Isolation of bacterial species from patient specimen 
• Serotying/Serogrouping of bacterial isolates 
• Antimicrobial resistance profiling 

• Environmental Microbiology Laboratory 
– Focus on food, water & environmental specimens 

• Perform similar analysis as PHM laboratory 

• Serology Laboratory 
– Focus on patient and animal specimen 
– Testing looks for evidence of infection (antibodies) 

• Molecular Sciences Laboratory 
– Molecular (nucleic acid based) detection of infectious agents 

 

 



Culture – where it all begins 
• Culture (or isolation) of a bacterial organism from 

a patient specimen is the first step  
 

• Culture Independent Diagnostic Testing (CIDT): 
Many pathogens can now be directly identified in 
patient samples through molecular analysis but 
all currently available characterization methods 
(strain typing, cluster analysis, antimicrobial 
resistance characterization, etc) require isolation 



Culture 



Characterization of bacterial isolates 

• Biochemical analysis 
• Serotype or Serogroup analysis 
• PCR detection of virulence determinants 
• Molecular finger printing  

– Pulse Field Gel Electrophoresis (PFGE) 
– Multi (MLVA) 

• Sequencing 
– Bacterial identification by 16S 

• Next Generation Sequencing 
– Whole Genome Sequencing  

 



Traditional Microbiology: Gram Stain 
and Biochemical analysis 

• Individual colonies of pure bacterial isolates from 
each media type categorized by their gram type, 
cell shape and biochemical characteristics (such 
has enzyme production and sugar metabolism) 



Antimicrobial Susceptibility Testing 
Disk Diffusion Method: 
Zone of inhibition 

MIC Method: 
Minimum Inhibitory Concentration 



Carbapenem Resistance (CRE) 

CRE PCR 
 

• Requires an 
isolate 
 

• Detects the 
presence of 
the genes for 
bacterial 
enzymes that 
break down 
antibiotics 
– KPC 
– NDM-1 



• Bacterial organisms can be 
grouped based on type of 
molecules they express on 
their surface 
 

• Traditional Serotyping: looks 
for a reaction (agglutination)  
between a suspension of the 
pure bacterial isolate and an 
antisera (antibodies directed 
against a specific bacterial 
surface molecule) 

 
• Can be perfumed by molecular 

analysis for some bacterial 
species (such as Salmonella) 

Serotyping 



Polymerase Chain Reaction (PCR): The sequence specific 
amplification of a target nucleic acid 

Traditional PCR 

Products can be visualized by gel 
electrophoresis and are used as input 
for downstream analysis including 
sequencing  



Real-Time PCR 

Polymerase Chain Reaction (PCR): The sequence specific 
amplification of a target nucleic acid 

Products are visualized as an increase 
in fluorescence that is proportional to 
the amount of target sequence in the 
specimen 

• Advantages over traditional PCR include decreased contamination and increased 
throughput 
 

• Examples of real-time PCR assays at CDPHE lab: norovirus, influenza, STEC 
(stx1/stx2), CRE detection (KPC/NDM-1), detection & typing of vaccine preventable 
bacterial diseases (H. flu, S. pneumoniae, N. meningitidis)  





PFGE process 

*requires isolation of a pure bacterial culture from a 
patient specimen 



PFGE continued 



PFGE Data Analysis 





What is MLVA? 
• MLVA, an abbrevation for multiple locus variable number of tandem 

repeats analysis, is another technique used by microbiologists to generate a DNA 
fingerprint or a bacterial isolate. Microbiologists usually perform MLVA after they 
have performed Pulsed-Field Gel Electrophoresis (PFGE) so they can get more 
details about the type of bacteria that may be causing an outbreak. 

 
Advantages of MLVA 
• MLVA may be able to differentiate suspected, fast-evolving bacterial strains from 

an outbreak even though those strains might look the same using other methods 
of DNA fingerprinting, such as PFGE. 

• Public health labs uses MLVA as a complementary technique to PFGE, allowing 
microbiologists to see more detailed differences between bacteria that have 
similar PFGE patterns. 
 

Limitations of MLVA 
• Requires a trained and skilled technician 
• Is not a practical routine subtyping method because a specific protocol must be 

used  for each pathogen 
• A few standardized protocols are available, but only the most common pathogens 

are subtyped by this method 
 

http://www.cdc.gov/pulsenet/pathogens/pfge.html
http://www.cdc.gov/pulsenet/pathogens/pfge.html
http://www.cdc.gov/pulsenet/pathogens/pfge.html


Whole Genome Sequencing (WGS) 

• Sequence of the entire genome of each isolate 

• Computational  analysis of multiple genome loci 
allow comparison of isolates 



ELISA 
• ELISA = Enzyme Linked Immunosorbant Assay (also called EIA) 
 
• Detects infection by looking for antibodies or antigen in a patient serum 

specimen 
– Antibodies are produced by the patient’s immune system in response to 

infection and can be detected during and after infection (IgM/IgG) 
– Antigens are part of the infectious agent and can only be detected during an 

active infection 
 

• Examples of ELISA tests: HIV, Measles, Rubella, WNV, Hantavirus, Zika 

3 types of ELISA 



What else does the state lab do? 

• Mycobacterium tuberculosis and NTM testing 
 

• STI testing (Syphilis, Chlamydia, Gonorrhea, 
Trichomonas) 
 

• Rabies testing (DFA) 
 
• Water, Environmental and Food testing (testing for 

bacterial, chemical and radiologic contamination) 
 
• Newborn Screening 



How soon can I expect a result? 

• Culture – a few days 

• PCR – a few hours 

• ELISA – next day 

• PFGE – 2 days after culture 

• MLVA/WGS – variable  

 

• For fastest results – please submit all 
requested information! 



Customer Information 
 

• Customer ID 
 

• Name 

 

• Address 

 

• Phone # 
 

• FAX 
– This should be a secure HIPPA 

compliant FAX number 

– Results will be sent to this FAX 
number 



Patient Information 
 

• Patient ID 

 

• Name 

 

• Address 

 

• Date of Birth 

 

• Gender 

 

• Two (2) unique identifiers are 
required for every patient specimen 
– Name & D.O.B 



Outbreak Information 

 

• Outbreak ID 

 

• Date of Onset 

 



Specimen Information 

 

• Collection  Date/Time 
– Required field 

 

• Collection Type 
– Swab, Culture, broth, etc 

 

• Specimen Type – Source 
– Blood, stool, etc 

 

 



Test Order: 

 

• Select test to be run 

 

• More than one test can be 
selected, depending on the 
specimen type 

 

 



Questions? 

Contact information: 
Emily Travanty, PhD 

Supervisor, Public Health Microbiology and Serology 
Colorado Department of Public Health and Environment (CDPHE) 

Laboratory Services Division 
8100 Lowry Blvd, Denver, CO 80230 

emily.travanty@state.co.us 
303-692-3094 


