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Overview
 Zoonotic and AMR diseases account for 95% of all 

emerging diseases reported in the 2nd half of the 20th

century (USAID)

 Estimated 700,000 world-wide die annually from drug 
resistant TB, malaria, and HIV (USAID)

 WHO’s One Health aim is to:
 Ensure antimicrobial agents continue to be effective and useful

 Promote prudent and responsible use of antimicrobial agents

 Ensure global access to medicines of good quality

3 examples of Lab Data
• CRE
• TB Complex
• Sequencing 

(Salmonella and Gonorrhea)



CRE



CRE
 Detecting and distinguishing CP-CRE vs. non-CP-CRE

is important because: CP-CRE disseminate between 

patients more readily than non-CP CRE and warrant 

implementation of  more intensive infection control. 



Laboratory CRE Testing
 Phenotypic testing for carbapenemase

production

 Modified-Hodge (outdated – NOT 
recommended )

 CarbaNP

 mCIM – current method at BOL

 Antimicrobial susceptibility testing

 Broth microdilution

 Mechanism testing

 Polymerase Chain Reaction (PCR) 

 Whole Genome Sequencing (WGS)



Susceptibility Testing

 GNX2F Trek Sensititre broth microdilution plates

 Limitations: May lose the plasmid and therefore will 
look different than submitter; repeat with meropenem 
disk to try and recover

 Epidemiological purposes only – NOT intended for 
patient treatment purposes

 Extended testing from WI ARLN site for clinical 
testing for combo therapy: ceftazidime + avibactam, 
aztreonam; aztreonam + avibactam

 Send directly to WI



Real-time PCR
 BOL detects the following mechanisms of resistance:

 KPC

 NDM

 VIM

 OXA-48-like

 IMP

 MCR-1

 MCR-2

 Oxa-23 (coming soon)

 Whole Genome Sequencing available in outbreak 
situations based upon special request of state 
epidemiologists



Colonization Screening
 For human clinical specimens - Bureau of 

Epidemiology approval is required

 Rectal swab in Aimes Transport

 Screening performed via real-time PCR for gene of 
interest

 Turn-around Time: based on time of receipt, but 
generally within 48hrs



One Health Example - CRE

• 15 Companion animals
• 14 dogs and 1 cat

• NDM-5
• Previously found in 

China and Europe
• First reports of this 

strain in the US
• Reported cases to 

human health partners



TB 
Complex 



TB Susceptibility Testing Primary

• Isoniazid

• Rifampin

• Ethambutol

• Pyrazinamide 

Results are available within 7-14 days of M. tuberculosis complex 
identification

Repeat testing if cultures are still positive after 90 days



Susceptibility Testing-Secondary

If there is any resistant to the four primary drugs, 
another agar proportion plate test will be set up using 
secondary antibiotics:
• Fluoroquinolone (ciprofloxacin, ofloxacin)

• Ethionamide

• Cycloserine

• Capreomycin

• Amikacin

• Kanamycin

• Streptomycin

Results are available 3 weeks from detection of resistance  
on Primary susceptibility testing



MDDR Susceptibility by CDC

• Testing performed by CDC 

• PCR (+) sputum sediment or growth-based culture isolates

• 3-4 day turn-around-time

• Only requested by state health lab

• Submission criteria :

✓ Known Rifampin resistance

✓ Known MDR

✓ High risk of Rifampin resistance or MDR-TB (e.g. previous TB, 
MDR-TB contact, foreign born)

✓ High profile patient (e.g. daycare worker, nurse)

✓ Mixed or non-viable culture

✓ Adverse reaction (e.g. RIF allergy)



TB Complex Resistance Counts

ALL TB COMPLEX 2018
2019 (Jan-

Jun)

Number MTBC cultures: 78 54

# all susceptible: 62 42

# R to 1 drug: 7 5

# R to 2 drugs: 4 5

# R to 3 drugs: 1 0

# R to 4 drugs: 1 0

# MDR: 3 2

# drugs R for MDRs

5 drugs: 1 2

6 drugs: 1 0

8 drugs: 1 0

DEER 2018
Number tested: 112

Number M. bovis: 28



One Health Example – M. bovis
 Bovine TB has been found in MI white-tailed deer, elk, 

black bear, bobcat, coyote, opossum, raccoons, and red 
fox



Sequencing



Sequencing

Example shown is from gonorrhea cases



Sequencing Cont.

Heat Maps



Phylogenetic Trees



One Health Example - Sequencing

2015 chick 
outbreak

2016 chick 
outbreak

Unrelated to 
chick outbreaks

Salmonella serovar Enteritidis clusters
Associated with a Michigan hatchery 

Sidge et. al. 2019 MMWR
Hardy et. al. 2019 MMWR
Robertson et. al. 2019 Poultry Science



Final 
Thoughts



How to select good laboratory tests
What Considerations 
when selecting:

 Costs

 Turn-around-time

 Intended final use of 
results

 What type of 
interpretation is needed

 Screening vs Diagnostic 
value

 Phenotypic vs Genotypic

Common things that lead 
to inappropriate test 
results

 Serum vs. Plasma

 Anticoagulant used   

(i.e. EDTA vs Heparin)

 Storage conditions

 Loss of plasmid



Key contact information

Nandhu Balakrishnan, PhD, MS
Microbiology Section Manager
Infectious Disease Division
BOL, MDHHS
Office # 517-335-9641
Email : BalakrishnanN@michigan.gov

Ms. Kelly Jones, MT(ASCP)
Bacteriology Unit Manager
BOL, MDHHS
Office # 517-335-9638
Email : JonesK42@michigan.gov

Marty Soehnlen, PhD, MPH, PHLD(ABB)
Director, Division of Infectious Diseases
Bureau of Laboratories, MDHHS
Office # 517-335-8064
Email : SoehnlenM@michigan.gov
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Questions?

WHO’s World Antibiotic Awareness Week 2019: November 18th – 24th

• Many types of antimicrobial 
resistant organisms are of 
interest to One Health 
prevention efforts

• When in doubt reach out to 
colleagues on the other side 
(either human or veterinary)
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