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Objectives and Overview

• Objectives
– Understand an academic laboratory approach to a public health threat
– Appreciate the key partnerships between public health and 

academic microbiology laboratories
– Utilize lessons from Mpox to determine best-approach responses to 

the next global infectious event

• Overview
– Director perspective
– Lead technologist perspective



S L I D E  3

Pox and the Bard of Avon

A pox damn you, you muddy rascal, 
is that all the comfort you give me?

Henry IV

A pox o’ your throat, you bawling, 
blasphemous, incharitable dog!

The Tempest
John Taylor; National Portrait Gallery, London, UK
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Mpox: Evidence that I cannot predict the future

https://ourworldindata.org/monkeypox (Accessed 3/8/23)

July 1: Begin as faculty at VUMC
August 31: Testing go-live at VUMC 

2022
May 7: UK 
May 17-31: MassachusettsNYCMultiple
July 6: Tennessee
July 23: WHO declares Emergency of 

International Concern
August 9: HHS declares Public 

Health Emergency
September 7: FDA releases EUA
2023
January 31: end of Public Health Emergency

https://ourworldindata.org/monkeypox
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2022 U.S. Map and Case Count

https://www.cdc.gov/poxvirus/monkeypox/response/2022/us-map.html Updated 3/8/22

TN: 396

https://www.cdc.gov/poxvirus/monkeypox/response/2022/us-map.html
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Key Issues at the Beginning …

• Bring testing in-house, or send it out?

• How to best communicate complex ordering requirements?



S L I D E  7

Key Issues at the Beginning …

• How do we ensure safety?
– Patients and Clinical Staff
– Laboratory staff



S L I D E  8

Key Validation Questions

• Select agent?
• Specimen sources?
• Swab types?
• Transport media?
• Inactivation?
• Turn-around time?
• Acceptable limit of detection?
• Biohazard waste?
• EUA?
• Validation materials?
• Reporting?
• Reimbursement?
• Reagent availability?

What approach 
will best serve 
our patients?
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FDA-IVD Approved, CDC Developed Assay

Target: MPXV Extracellular enveloped virus protein gene B6R

Target: Orthopoxvirus DNA polymerase gene E9L

Li Y. J Clin Virol. 2006 Jul;36(3):194-203. PMID: 16731033
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Considerations for an LDT:  Speed, Reliability, Safety

• Platform Selection – bioMerieux EMAG, QuantStudio7

• Assay Selection – RealStar Zoonotic Orthopoxvirus PCR Kit 
(Altona Diagnostics)

– Developed in collaboration with CDC (2006)
– Available as RUO
– Scalable
– Includes:

  Positive PCR control (cowpox virus)
  Internal extraction/PCR control

– Target: Non-Variola Orthopoxvirus

• Safety Measures – 
  Virus inactivation steps



S L I D E  11

Validation Material Selection

• Positive Qualitative Material: Vaccinia Virus (ATCC)

• Positive Quantitative Material
– University of Indiana Clinical Microbiology colleagues
– Culture clinical Mpox specimens
– Harvest, Extract, Quantitate DNA
– 3 individual viral preparations
– Confirmed non-infectious

• Negative Matrix: Residual patient samples: lesions tested 
for HSV and VZV prior to Mpox emergence
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Validation Plan

• Accuracy:  37 positive contrived vaccinia virus (ATCC), 
1 Mpox positive co-tested at TDH, 30 negative (100%)

• Repro/Precision: 7 operators, 10 days, multiple reagent lots (96%)

• LoD:
– Quantitated Mpox (3) extracted 

and assayed in serial dilution
– 1x103 genomic copies/mL
– Ct 37-39

• Analysis:
– Ct cutoff for positivity 40.0
– All results reviewed for clinical 

correlation if Ct > 37, per CDC 
Guidelines
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Validation Plan

• Specificity: HSV-1, HSV-2, and VZV - no cross-reactivity

• Inhibitory Substances: Vaccinia Virus (high and low titer)
– Blood, Urine, Feces, Antibiotic Ointment, Hydrocortisone
– Feces and 10% blood showed inhibition (target and internal control)

• Stability: Mpox near LoD, stable over 72 hours, 4 degrees and RT
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Workflow

Inactivation Extraction Manual Assay Setup

Real-Time 
PCR

Manual Data Analysis
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Safety and Stewardship

• Safety
– TDH/CDC coordinated 

vaccination of all testing personnel
– Senior, experienced MLS chosen
– Dedicated lab space for 

virus inactivation
– HSV and VZV lesion co-testing 

testing sequestered

• Ordering restrictions
– Initial testing sent to TDH was coordinated through infection control
– LDT had no ordering restrictions, stewardship managed through 

individual physicians

• Public Health: Infection Control and laboratory coordinated 
sending positive results to TDH
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Monkeypox Virus Detection at VUMC

Total number of patients tested: 114
Mpox diagnosis: 30

Overall 26.3% positivity

Date range: 9/1/22 – 3/8/22



S L I D E  17

Monkeypox Virus Detection at VUMC

Total number of patients tested: 114
Mpox diagnosis: 30

Overall 26.3% positivity

Date range: 9/1/22 – 3/8/22



S L I D E  18

Monkeypox Virus Detection at VUMC

First run: 9/1/2022
Positive oral lesion
CT 18.2

Average: 26.6 ± 7.2

25.6 - Med

19.8 – 25%
16.8 - Min

39.2 - Max

32.5 – 75%

Date range: 9/1/22 – 3/8/23
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Retrospective Review

• Was Mpox present in Tennessee prior to declared public health 
emergency in central TN?

• 101 residual lesion specimens (pools) submitted for HSV-1/2 
and/or VZV testing

• One pool was positive – separate specimen from a patient in this 
pool was confirmed to contain Mpox by the TDH

• Detection of Mpox in this specimen is consistent with the known 
timing of Mpox arrival in central Tennessee.

• This specimen was handled for other testing – unintentional 
workplace Mpox exposure?

• Precautions are necessary to protect laboratory professionals
– Sequester co-testing samples
– Dedicated team for HSV and VZV lesion testing
– Class II Biosafety hood requirement
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Lessons Learned, and 
Preparing for the next 

Infectious Event …
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FDA Mpox Virus Emergency Use Authorization (EUA)

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/policy-monkeypox-
tests-address-public-health-emergency?utm_medium=email&utm_source=govdelivery
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Mpox Virus Whole Genome Sequencing (WGS)

VUMC PMI
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“We have a momentous opportunity before us now at the U.S. Centers for Disease Control and 
Prevention (CDC). The CDC has significantly increased its Advanced Molecular Detection (AMD) 
program, a result of an unprecedented funding of over $1.75 billion. I applaud such visionary efforts 
and think the program will be executed effectively by ramping up the sequencing of SARS-CoV-2 
variants and other pathogens through the power of “next-generation sequencing.” These 
new genetic technologies can rapidly identify novel viral strains, providing invaluable information for 
research, surveillance, and patient treatment.
However, if advanced programs such as AMD in the U.S. and programs in other “developed” countries 
remain national boutiques, they will not achieve the tremendous potential they can under global 
governance by experienced leaders. We do not know where variants will emerge, but we should 
know the dangers of searching only under lamp posts while ignoring the real dangers in 
the dark.
To monitor the microbial world, we need to look far beyond an incomplete circle of well-lit national 
sampling programs and limited international partnerships. What we need in place to continue fighting 
this pandemic and to be better prepared for the next is a global network of pathogen sequencing 
surveillance and diagnostic infrastructure.”

Operationalized NGS is Needed Now, and is Future Facing

https://thehill.com/opinion/healthcare/575452-what-world-leaders-must-understand-about-microbes-in-a-global-pandemic

Steffano Bertuzzi, PhD
ASM CEO
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What comes next?

Lum FM. Nat Rev Immunol. 2022 Sep 5. PMID: 36064780
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https://harrypotter.fandom.com/wiki/Dragon_Pox
https://www.carteblanchehobbies.com/catalog/world_of_
warcraft_tcg-betrayal_of_the_guardian/soul_pox/97750

Not Mpox …
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Mpox Virus Basic Virology

• Two strains/clades, Historic regions of endemicity
– Clade I: ~10.6% mortality

• Tier 1 select agent
• DRC, South Sudan

– Clade II: ~3.6% mortality
• Current outbreak is lineage B.1
• Nigeria and surrounding countries

• Zoonotic pathogen
– Unknown animal reservoir; rodents suspected

• Transmission
– Direct contact with infected carriers

• Transmission in historic endemic range
• 2003 US outbreak – prairie dogs

– Skin-to-skin contact
– Aerosolization of large droplets
– Fomites? Lum FM. Nat Rev Immunol. 2022 Sep 5. PMID: 36064780
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Safety: Treatment and Vaccination

• Treatment
– Tecovirimat (Tpoxx), oral or IV; only available from CDC

• Targets Orthopoxvirus VP37 envelope wrapping protein

– Cidofovir, IV
• Targets viral DNA polymerase

– Vaccinia immune globulin, IV

• Vaccination
– Pre-Exposure vs Post-Exposure

• Vaccine equity / availability

– Vaccinia (Ankara) derived vaccines
• ACAM2000 – replication competent 
• JYNNEOS – replication incompetent

– Dosing based on prior vaccination
– Waning immunity
– Serology is not widely available

Tecovirimat

Cidofovir

vs

ACAM2000 JYNNEOS
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Pending Challenges with Detection

September 2, 2022
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Monkeypox Virus Basic Virology

• Large and complex virus
– Double-stranded DNA virus; 

Genome ~200kb
– Dumbbell-shaped core
– Complex series of membranes 

composing envelope

Sklenovska 2020

viralzone.expasy.org
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Poxvirus Taxonomy

Sklenovska 2020
Carroll. MCM 12th Ed, 2019

Poxviridae

Chordopoxvirinae

Orthopoxvirus

Variola virus
Vaccinia virus
Mpox virus
Camelpox virus
Cowpox virus
Ectromelia virus
Racoonpox virus
Skunkpox virus
Taterapox virus
Volepox virus

Parapoxvirus

Orf virus
Pseudocowpox virus
Bovine popular 
stomatitis virus
Sealpox virus

Yatapoxvirus

Tanapox virus
Yaba-like disease 
virus
Yaba monkey 
tumor virus

Molluscopoxvirus

Molluscusm 
contagiosum virus

Family

Subfamily

Genus

Species

Entomopoxvirinae
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Lesions

https://www.cdc.gov/poxvirus/monkeypox/clinicians/clinical-recognition.html
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CT values and Viral Titers Correlate Well

Paran N. Euro Surveill. 2022 Sep;27(35). PMID: 36052723
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MPXV DNA Persists in Different Anatomic Sites

Nörz D. J Clin Virol. 2022 Oct;155:105254. PMID: 36057206
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Lesions Contain the Most Viral DNA

Nörz D. J Clin Virol. 2022 Oct;155:105254. PMID: 36057206
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