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what are emerging infectious diseases?

Emerging infectious diseases can be defined as infectious 
diseases that have newly appeared in a population or have 
existed but are rapidly increasing in incidence or geographic 
range.* [HIV, SARS, Lyme disease, E. coli O157:H7, Hantavirus, COVID]

*or are caused by the NIAID Category A, B, or C priority pathogens.

https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens#:~:text=Emerging%20infectious%20diseases%20can%20be,B%2C%20or%20C%20priority%20pathogens.



what are RE-emerging infectious diseases?

Re-emerging diseases are diseases that reappear after they 
have been on a significant decline in a more virulent form or in 
a new epidemiologic setting. [malaria, tuberculosis, pertussis, 
influenza, gonorrhea]

https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens#:~:text=Emerging%20infectious%20diseases%20can%20be,B%2C%20or%20C%20priority%20pathogens.



How long have we had RE-/emerging infectious diseases?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428724/#tbox1

Since the neolithic 
revolution (12,ooo years 
ago), with the beginnings 
of domestication.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428724/#tbox1
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How do these diseases “emerge”?
Most new 
pathogens are 
zoonotic (→).

Other diseases 
(re)emerge due to 
antimicrobial 
resistance, 
declines in 
vaccine coverage, 
new spread to 
new areas, etc.

https://www.nature.com/articles/srep14830



How do these diseases “emerge”?

It’s not just the microbial 
agent that is critical to 
emergence - it’s also the 
host and environmental 
interactions.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428724/#bib13



What factors lead to the emergence of a new disease?
○ Viral evolution, emergence* 
○ Increased contact with zoonoses
○ Deforestation, hunting, bushmeat
○ Increased host and vector density
○ Urbanization, population growth
○ Climate change 
○ Human mobility, air travel
○ Insecurity, war, civil disruption
○ Antibiotic resistance
○ Inadequate supply of vaccines and drugs
○ Disinformation, anti-vaccination 

*Could occur naturally or through laboratories



HOW COMMON ARE SPILLOVER EVENTS?

https://www.npr.org/sections/goatsandsoda/2023/02/15/1152892721/how-to-stop-pandemics
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What are Some emerging diseases we’ve seen here?
○ Hantavirus Pulmonary Syndrome
○ West Nile Virus Disease
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○ Dengue
○ C. auris
○ Zika 
○ COVID-19
○ CRE
○ Mpox
○ Arguably: Cocci
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What about…. HANTAvirus pulmonary syndrome in AZ?

Engelthaler et al, 1999, Emerg Infect Dis



What about…. HANTAvirus pulmonary syndrome in AZ?

Adapted from: Engelthaler et al, 1999, Emerg Infect Dis
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What about…. C. Auris in az?

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006290#sec001



What about…. C. Auris in az?

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006290#sec001



https://www.acpjournals.org/doi/10.7326/M22-3469



What about…. C. Auris in az?

ADHS APIC Presentation 2023
darker color is clinical cases



What about…. C. Auris in az?

Preliminary draft, ADHS CRE and C. aureus Report, 2023



What about…. C. Auris in az?

https://www.cdc.gov/fungal/candida-auris/identification.html



What about…. C. Auris in az?

https://www.cdc.gov/media/releases/2023/p0320-cauris.html



What about…. coVID-19 in az?

https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/valley-fever/reports/valley-fever-2022.pdf?v=11-9-23



What about…. coVID-19 in az?

https://publichealth.arizona.edu/news/2022/covid-19-forecast-model

Arizona Case Counts, 2020-2022



What about…. coVID-19 in az?

https://www.nytimes.com/2020/07/08/briefing/arizona-mary-trump-facebook-your-wednesday-briefing.html



What about…. coVID-19 in az?

https://www.nytimes.com/interactive/2021/10/23/us/covid-surges.html

https://www.nytimes.com/interactive/2021/10/23/us/covid-surges.html


What about…. coVID-19 in az?

https://www.azdhs.gov/covid19/data/index.php



COVID Variant Update



Newest “Variant of Interest”: BA.2.86/JN.1 

• Becoming dominant in Europe
• CDC US: 8.8%
• AZ: 6/214 (2.8%) since Nov 1
• Unusual L455S spike mutation

• All Variants are still Omicron and act 
like Omicron – high transmission, 
low severity

• No known increase in severity
• Likely evading antibodies from 

previous vaccination/infection



Variants are Just Mutation Vehicles 

• Variants are selected 
for because mutations 
provide advantage

• Typically antibody 
escape

• Mutations are 
recurring as antibodies 
lose binding 
effectiveness 

• These mutations are 
becoming cyclical, 
unlike variants, which 
become extinct

T. Porter, unpublished



COVID Wastewater Surveillance - AZ

https://www.cdc.gov/nwss/

https://pathogen-intelligence.tgen.org/VECTRSurveillance/flagstaff/
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What new diseases are coming to arizona? 



Cryptococcus decagattii 
(“VGVI”) 

An Endemic AZ Cryptococcus?



Environmental Cryptococcus gattii 

CDC



Hagen et al, Fung Gen Biol, 2015

Cryptococcus: The Naming Complex

= VGII

= VGIII?

= VGIII

= VGI

= VGIV

= VNBI/II

= VNI/III

= VNII

= VNIV

C. gattii complex

C. neoformans complex

C. n. var. neoformans

C. n. var. grubii



C. gattii splitstree

Alt 
VGIII’s

VGIII seroB

VGIII seroC

VGIII

VGI

VGIV

VGII

VGVI

Engelthaler et al 2019
Farrer et al, mBio, 2019

New C. gattii species?
aka C. decagattii



C. gattii shows up in Arizona

• In 2011, a Tucson veterinarian identified a Cryptococcus positive cat; 
confirmed as C. gattii by a veterinary reference lab in CA

• A local hospital in the Phoenix metro region identified two C. gattii 
immunocompromised patients in late 2019 (pulmonary; meningitis)

• A third human clinical case of C. gattii found in AZ in 2021 (meningitis)

• TGen and ADHS confirm all samples as belonging to the “VGVI” clade



A B
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C. gattii phylogeny

Monroy-Nieto et al, 2022
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C. decagattii (VGVI) 
in the Southwest:
Epidemiology and Ecology

1. No available epi data on exposure or 
travel

2. Multiple veterinary cases (cat) identified 
in northcentral Tucson

3. Working hypotheses:
1. Local rodent/small mammal reservoir, 

eg, woodrat nests (ala hyrax middens)
2. Decaying local flora, eg, decaying cactus 

hollows (ala decayed trees in PNW and 
Amazon)

3. Other vertebrate reservoir/vector (eg, 
birds, bats)

4. Other microclimate-habitat in desert 
southwest

4. Currently, we still know very little



Cat 1 
2011*

Human A 

2019*

Human B 
2019*

Cat 2 

2019

Human C 
2021*

Cat 3 

2023

Cat 4 

2023

Cat 5 

2023

??

2024

Cryptococcus gattii spp. in Arizona



Clinical Suspicion of C. gattii

• Currently, C. gattii is considered a communicable disease of public 
health significance not explicitly reportable in Arizona

• Given the need to understand the epidemiology of this fungal 
pathogen, if there is suspicion of a clinical case:

• Report to local and state public health
• Collect travel history and other relevant epidemiologic information (e.g., 

contact with animals)
• Submit clinical specimens for diagnostic testing (various options, but nucleic 

acid detection and culture is best)

• TGen is working with ADHS, commercial laboratories, and 
veterinarians to genomically characterize any AZ C. gattii isolates.



The 
High Path Avian Influenza 

Panzootic



High Path Avian Flu – Emerging Zoonoses?



High Path Avian Influenza (H5N1) - Animal

Positive Birds in AZ
• Condors (21), Vulture
• Hawks, Owls
• Cormorants
• Geese
• Ducks
• Grackle, Jay
• Chickens
• Pelicans
• Ibis
• Rhea



High Path Avian Influenza (H5N1) - Humans
• 17 Human cases since 2022 - 8 serious, 4 deaths

• Dominantly from clade 2.3.4.4b

• Nearly all associated with close bird contact 
• No human-to-human or mammal-to-human spread known

• 1 mild US case in CO

• Susceptible to all human influenza antivirals 

• No human Ab protection against H5, but significant N1 cross-protection 

• North American lineage reassorted with other avian strains
• Increased virulence in mammals, but not increased transmission
• Appear to bind poorly to human sialic acid receptors

• Risk for co-infection with human or swine strain

Kandiel et al, 2023 Nature Comms



Or maybe we just make it more transmissible, 
on purpose …



A Note on Chronic Wasting Disease



Prions
• Infectious misfolded protein that causes 

other proteins to misfold 

• Transmissible Spongiform 
Encephalopathies (TSE)

• Non-microbial infections

• Spread by ingestion/infection of brain/CSF 
material

• Cognitive loss, muscle twitching/spasms – 
100% fatal

• Mad Cow Disease - U.K. 1990’s

• Chronic Wasting Disease is a major 
problem in deer and elk in North America



CWD: A Soon to Emerge Zoonotic Disease?

CWD Spongiform Encephalopathy 
Credit: Photo by Elizabeth Williams, CSU



dengue: Remerging Vector w/ Emerging arbovirus

Wilke, et al, 2023 Acta Tropica
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What AZ systems can detect EMERGING diseases? 
1. AZ LABORATORY SURVEILLANCE

a. Laboratory reportable conditions (list)
b. Virologic surveillance (e.g. influenza strains)
c. Bacteriologic surveillance (e.g. gonococcal resistance)
d. Genomic surveillance (e.g. EV-D68)

2. AZ HUMAN SURVEILLANCE
a. Clinician Reportable conditions (list)
b. School, Childcare, Shelter reportable conditions (list) 
c. Biosense - ED surveillance (e.g. search for Ebola cases)
d. The Astute Clinician

https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/communicable-disease-reporting/lab-reporting-requirements.pdf
https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/communicable-disease-reporting/reportable-diseases-list.pdf
https://www.azdhs.gov/documents/preparedness/epidemiology-disease-control/communicable-disease-reporting/school-childcare-reporting-requirements.pdf




What AZ systems can detect these diseases? 

We cannot overstate the importance of THE ASTUTE CLINICIAN.

If you are observing an unusual clinical occurrence - please call us.  

A clinician call is often the catalyst for us detecting a new disease or 
significant outbreak. Clinicians are a critical piece of the public health 
system.



what are resources available to az clinicians? (urgent)

- Arizona Health Alert Network- Local Health Departments

■ Maricopa: 602-506-6767
■ Pima: 520-724-7797
■ Pinal: 866-960-0633
■ Coconino: 928-679-7272

https://han.health.azdhs.gov/
https://www.azdhs.gov/preparedness/epidemiology-disease-control/index.php#resources-county


what are resources available to az clinicians?

- Arizona Infectious Disease 
Society Conference 2024 

- COCCI Study Group 
Conference 2024 (date tbd)

- AZID 2024 

- AZ Valley Fever Annual Report
- AZ West Nile Virus Webpage/Data
- AZ Respiratory Virus Dashboards
- AZ COVID-19 Dashboard
- AZ COVID Seq Dashboard
- AZ Infectious Disease Data
- AZ Valley Fever Toolbox
- CDC West Nile Virus Tutorial (free CME)

https://www.arizids.org/agenda
https://www.arizids.org/agenda
https://vfce.arizona.edu/research/cocci-study-group
https://vfce.arizona.edu/research/cocci-study-group
https://www.azdhs.gov/preparedness/epidemiology-disease-control/valley-fever/index.php
https://www.azdhs.gov/preparedness/epidemiology-disease-control/mosquito-borne/index.php#west-nile-virus-home
https://www.azdhs.gov/preparedness/epidemiology-disease-control/flu/index.php#surveillance-home
https://www.azdhs.gov/covid19/data/index.php
https://pathogen-intelligence.tgen.org/covidseq-tracker/
https://www.azdhs.gov/preparedness/epidemiology-disease-control/index.php#infectious-diseases
https://vfce.arizona.edu/education/banner-valley-fever-clinical-practice-toolbox
https://www.medscape.org/viewarticle/990058?utm_source=newsletter&utm_medium=email&ecd=suppd_cdc_distr_mscpedu&utm_campaign=WNV%20Training%20Promo


take home from dr. villarroel

1. Clinicians play a critical role in identifying the emergence of 
a new disease.  

2. Clinicians need to know their resources and who to call. 

            
                        for some extra reading…



take home from dr. engelthaler

1. New pathogens and their disease will continue to emerge 
and remerge (although we don’t need to help them along)

2. We need faster and smarter tools to gain intel on these 
pathogens to allow us to respond … faster and smarter 



thank you

Lisa Villarroel, MD MPH
lisa.villarroel@azdhs.gov

David Engelthaler, PhD
dengelthaler@tgen.org
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