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Established April 2007
Flagstaff, AZ

We have 15-year history of applying 
pathogen genomics to public health and 

clinical medicine.  



Pathogen genomics is widely use in Public Health
§ COVID-19: track variants
§ Food safety: identify and investigate outbreaks
§ Antimicrobial resistant organisms

— infer resistance
— better understandtransmission

§ Influenza: strain surveillance
§ Tuberculosis: identify and investigate clusters
§ Group A Streptococcus: investigate outbreaks in healthcare settings
§ Malaria: monitor resistance and other clinically important traits

NEJM 2019; 381:2569-80.

https://www.nejm.org/doi/full/10.1056/NEJMsr1813907


Science Behind Pathogen 
Genomics

Microbial pathogens are diverse.

Almost every microbial pathogen has a 
genome. 



Science Behind Pathogen 
Genomics

Analyze DNA and RNA of important 
pathogens for mutations that are 
significant for public health and 
healthcare.



Genomic 
Epidemiology 

Use of pathogen genomic data to determine  
the distribution and spread of an infectious 

disease in a specified population and the 
application of this information to control 

health problems.



Pathogen 
Intelligence

By unraveling the genetic components of important pathogens, we 
can gain intel on endemic and emerging microbes that impact our 

local and regional communities. 

Intel =  virulence; relatedness; resistance to treatment/vaccines; etc.

We use that intelligence as an early warning system for outbreaks 
and to understand how pathogenic microbes evolve and spread.



Focus Areas

Bacterial & Viral 
Pathogens

Enteric Disease 
Surveillance

Fungal Pathogens Wastewater-based 
Epidemiology

Antibiotic Resistance

Environmental Surveillance

Vector-borne and Zoonotic Diseases



Focus Areas

Tribal Health

Healthcare 
Epidemiology

Special Populations (Detention Centers)

Regional and Border Health

Healthcare Associated 
Infections



Burden of Healthcare-Associated 
Infections

~2 million patients suffer with HAIs in the USA

Fifth leading cause of death in US acute-care hospitals

Overall direct cost to hospitals ranges from $28-45 billion 

Costs increase with AMR microorganisms



Critical Pathogens

Acinetobacter
Burkholderia cepacia
Candida auris
Clostridioides difficile
Enterobacterales (carbapenem-resistance)
ESBL-producing Enterobacterales
Klebsiella
Methicillin-resistant Staphylococcus aureus (MRSA)
Pseudomonas aeruginosa
Vancomycin-resistant Enterococci (VRE)



www.cdc.gov/DrugResistance/Biggest-Threats

Report provides the latest 
antibiotic resistance burden 
estimates (infections and deaths) 
for human health in the United 
States, including a list of 18 germs 
listed on level of concern to 
human health—urgent, serious, 
and concerning.











How can genomics be 
useful in the healthcare 
setting?



How can genomics be useful in the 
healthcare setting?

Is it always clear how cases are related?

Or what the source is?

Or if transmission in the facility really occurred?

Are cases identified months earlier or months later a part of the cluster/outbreak?

What if the genomics came first, identified clusters of cases early, and informed the 
infection prevention response?





MRSA in Surgeon & 
Patients with SSI

• 24 MRSA isolates were sequenced to 
retrospectively investigate a suspected 
point source of three surgical site 
infections that occurred over 1 year.

• Source was believed to be a surgical 
team member colonized with MRSA.

• Phylogenetic analysis revealed that the 
surgical team member was not the 
source of numerous surgical site 
infections.





Suspected VRE Outbreak

• >25 cases of VRE in a 7-month 
timeframe

• No clear epidemiologic or clinical links 
between patients

• 13 isolates received for sequencing 

• 4 isolates are not related – green
• There is an evolving and circulating 

strain of VRE in the hospital, but no 
indication of direct patient to patient 
transmission or a single source of 
infection.  

 Reference

 TG1349178 1364528 05-04-2022

 TG1349184 1459097 05-12-2022

 TG1349181 1455271 04-17-2022

 TG1349185 1279657 04-05-2022

 TG1349179 1138107 05-10-2022

 TG1370596 1507412 05-31-2022

 TG1349182 1540606 05-13-2022

 TG1349183 1284659 04-17-2022

 TG1349180 1483025 05-07-2022

 TG1349176 1476076 04-06-2022

 TG1349177 1547756 04-17-2022

 TG1370594 1493396 05-21-2022
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Genomics in Other HAI Outbreaks



Hospital Outbreak of Carbapenem-Resistant
Klebsiella pneumoniae

• June 13 – patient 1 was 
transferred to ICU from a 
previous hospital and discharged 
on July 15

• Patient 1 colonized with CRE –
placed in enhanced contact 
isolation, PPE for staff/visitors

• August 5 – CRE cultured from 
tracheal aspirate of patient 2



Hospital Outbreak of Carbapenem-Resistant
Klebsiella pneumoniae



Hospital Outbreak of Carbapenem-Resistant
Klebsiella pneumoniae

1. Genetically distinct isolates from patient 1 were 
transmitted to other patients. 

2. Not only is patient 1 linked to the outbreak but also 
three independent transmission events from this 
patient led to hospital-wide dissemination of the 
outbreak strain.



COVID-19 outbreaks at two skilled nursing facilities

§ 2 skilled nursing facilities in the same metropolitan area contacted the  
Minnesota Department of Health (MDH) after identifyingconfirmed COVID-
19 cases in residents and health care personnel (HCP)

– FacilityA
– Facility B

§ During April – June 2020, facility-wide, serial testing was implementedat  
both facilities to:

– Identify residents with SARS-CoV-2infection
– Inform mitigation efforts



Cases whose samples were sequenced

§ FacilityA
– 18 (35%) residents’ specimens were sequenced
– 6 (18%) HCP’s  specimens weresequenced

§ FacilityB
– 75 (66%) residents’ specimens were sequenced
– 5 (7%) HCP’s  specimens weresequenced



Phylogenetic tree of SARS-CoV-2 casegenomes
FacilityA

3SNPs

1SNP

Trees drawn with Nextstrain



Phylogenetic tree of SARS-CoV-2 casegenomes
FacilityB



Invasive Group A 
Strep emm59

The hypervirulent emm59 genotype of 
invasive group A Streptococcus was 
identified in Northern Arizona. This 
strain was eventually associated with 
a homeless shelter and a local jail 
outbreak.



Outbreak of Hypervirulent Strain of 
emm59 - 2015
Genomic sequencing and 
phylogenetic analysis revealed a 
distinct clone consisting of 14/18 
emm59 isolates that were 
separated by 0-4 SNP’s, 
supporting the presence of an 
ongoing outbreak.

These individuals were also 
epidemiologically linked, providing 
further evidence of transmission 
of the emm59 iGAS clone. 



Invasive Group A Strep emm49

A statewide genomic surveillance system for invasive Group A Streptococcus was 
developed and implemented to identify emerging strains and clusters of infections that 
warrant public health action. This serves as a model for the next generation of public 
health surveillance.



Arizona has experienced a 4-fold increase 
in Invasive Grp A Streptococcus (iGAS).



Building a statewide system for iGAS.



iGAS genomic surveillance identified 
endemic and emerging strains types.



iGAS genomic 
surveillance 
identified 
endemic and 
emerging 
strains types.



Outbreaks of 
iGAS in 
healthcare 
facilities 
associated with 
with emm49. 



Phylogenetic tree of emm49, July 19
4 isolates

A. Phylogenetic tree of emm49, July 2019

 TG133940 06-23-2019

 TG133992 07-03-2019

 TG133960 06-30-2019

 TG134028 07-12-2019
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B. Phylogenetic tree of emm49, Dec 2019
(35 isolates)

 Reference

 TG262704 12-24-2019

 TG262742 12-09-2019

 TG263374 12-29-2019

 TG133940 06-23-2019

 TG252942 08-29-2019

 TG133992 07-03-2019

 TG133960 06-30-2019

 TG262744 12-13-2019

 TG257028 10-31-2019

 TG257018 10-31-2019

 TG134532 08-19-2019

 TG134304 08-05-2019

 TG262755 12-13-2019

 TG134028 07-12-2019

 TG253548 10-12-2019

 TG257142 11-12-2019

 TG262763 12-12-2019

 TG261742 11-19-2019

 TG257014 11-04-2019

 TG253552 10-11-2019

 TG253888 10-23-2019

 TG252930 08-19-2019

 TG262757 12-13-2019

 TG261732 11-20-2019

 TG257046 11-01-2019

 TG257044 11-01-2019

 TG253882 10-20-2019

 TG262718 12-16-2019

 TG262759 12-13-2019

 TG262710 12-21-2019

 TG262628 12-04-2019

 TG262208 12-03-2019

 TG257138 11-11-2019

 TG257130 11-02-2019

 TG262732 12-22-2019
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Phylogenetic tree of emm49, Dec 2019
35 isolates



Phylogenetic tree of emm49, July 2020
100 isolates

 Reference

 TG262704 12-24-2019

 TG700554 07-01-2020

 TG264417 01-20-2020

 TG265458 02-12-2020

 TG703104 07-31-2020

 TG700572 07-03-2020

 TG700224 05-23-2020

 TG700146 03-18-2020

 TG700218 05-17-2020

 TG262742 12-09-2019

 TG263374 12-29-2019

 TG703095 07-22-2020

 TG133940 06-23-2019

 TG252942 08-29-2019

 TG133992 07-03-2019

 TG133960 06-30-2019

 TG265532 02-17-2020

 TG265464 02-15-2020

 TG264139 01-09-2020

 TG262744 12-13-2019

 TG257028 10-31-2019

 TG257018 10-31-2019

 TG134532 08-19-2019

 TG134304 08-05-2019

 TG700248 05-28-2020

 TG265526 02-18-2020

 TG265510 02-21-2020

 TG264253 01-11-2020

 TG262755 12-13-2019

 TG134028 07-12-2019

 TG264250 01-15-2020

 TG703103 07-30-2020

 TG700202 05-04-2020

 TG265520 02-21-2020

 TG253548 10-12-2019

 TG700292 06-10-2020

 TG700548 06-29-2020

 TG257142 11-12-2019

 TG265466 02-14-2020

 TG700154 03-18-2020

 TG700128 03-16-2020

 TG262763 12-12-2019

 TG261742 11-19-2019

 TG257014 11-04-2019

 TG253552 10-11-2019

 TG253888 10-23-2019

 TG252930 08-19-2019

 TG700568 07-06-2020

 TG700264 06-03-2020

 TG700270 06-04-2020

 TG700142 03-17-2020

 TG262757 12-13-2019

 TG261732 11-20-2019

 TG257046 11-01-2019

 TG257044 11-01-2019

 TG253882 10-20-2019

 TG703094 07-22-2020

 TG700564 07-07-2020

 TG700552 06-27-2020

 TG700256 06-01-2020

 TG700238 05-19-2020

 TG699952 03-09-2020

 TG265358 02-02-2020

 TG700534 06-18-2020

 TG700210 05-14-2020

 TG700204 05-12-2020

 TG700208 05-12-2020

 TG700206 05-12-2020

 TG700174 03-28-2020

 TG267832 03-06-2020

 TG264950 01-26-2020

 TG700578 06-30-2020

 TG265514 02-20-2020

 TG264947 01-26-2020

 TG264155 01-08-2020

 TG700296 06-21-2020

 TG700242 05-25-2020

 TG700236 05-21-2020

 TG700234 05-21-2020

 TG265454 02-13-2020

 TG264957 02-01-2020

 TG264420 01-20-2020

 TG264152 01-05-2020

 TG264146 01-09-2020

 TG263367 01-03-2020

 TG262718 12-16-2019

 TG262759 12-13-2019

 TG262710 12-21-2019

 TG262628 12-04-2019

 TG267824 03-05-2020

 TG262208 12-03-2019

 TG257138 11-11-2019

 TG267806 02-29-2020

 TG700266 06-05-2020

 TG257130 11-02-2019

 TG265367 01-29-2020

 TG264401 01-23-2020

 TG267826 03-05-2020

 TG264256 01-14-2020

 TG262732 12-22-2019
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 TG262704 12-24-2019

 TG700554 07-01-2020

 TG264417 01-20-2020

 TG265458 02-12-2020

 TG703104 07-31-2020

 TG700572 07-03-2020
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Public health investigations confirms the connected between 
patients.



Genomics can significantly advance the 
state of infectious disease surveillance.

Sample Collection 
and Diagnostics

Bioinformatic Analysis

Sequencing

Informed Public 
Health Response

Epidemiology 
Understanding 

risk factors

Rapid response to 
outbreaks

Outbreak prevention 
measures

Understanding 
emergence trends



Thank you! hyaglom@tgen.org


