
Private Information

Monkeypox Virus:
What the Lab Needs to Know

Ben T. Bradley, MD, PhD

Medical Director, Virology, ARUP Laboratories

Assistant Professor, Department of Pathology, University of Utah



Private Information

Objectives

• Describe basic virology and strain differences of monkeypox virus

• Appreciate the historical origins of monkeypox virus and the 2022 
global outbreak

• Summarize how lab testing processes, including the pre- and post-
analytic phases, affect results for monkeypox diagnosis
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Virology of monkeypox virus

• Member of the Poxviridae family of which 4 genera are associated 
with human disease
• Orthopoxvirus (variola, vaccinia, monkeypox, camelpox)
• Parapoxvirus (Orf virus), Molluscipoxvirus (Molluscum), and Yatapoxvirus

(Yaba monkey tumor virus)

• Poxviridae have an incredibly wide host range
• Variola (smallpox) and Molluscum are human-only pathogens
• Capable of infecting vertebrates (18 genera) and insects

PMID: 33580379
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Genetic structure of poxviruses

• Linear, double-stranded DNA genome, approx. 200kb in size
• Genome consists of central core of essential proteins and flanking regions 

that affect the host response

https://viralzone.expasy.org/9959
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Structure of the poxvirus virion

• Poxviruses have a characteristic appearance
• May exist in one of two forms: mature virus or enveloped virus

• On EM, virions appear brick-shaped and are approx. 250nm x 200nm

Membrane

Lateral body

Core

DOI: 10.1080/01913120390198986
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2022 Outbreak

Monkeypox virus clades

• Historically, MPXV was divided into two 
clades
• Congo Basin – DRC (Zaire), Gabon, 

Cameroon 

• West African – Nigeria, Sierra Leone, Liberia

• Now: Clade I, IIa, IIb
• Done to help decrease stigma caused by 

associating disease with a location

• Proposed name for Clade IIB is human 
monkeypoxvirus 1 (hMPXV1)

• Further division into lineages is possible, 
but mostly academic at this point

West Africa

Congo Basin
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Monkeypox virus clades

• Historically, MPXV was divided into two 
clades
• West African 
• Congo Basin 

• Now: Clade I, IIa, IIb
• Proposed name for Clade IIB is human 

monkeypoxvirus 1 (hMPXV1)
• Further division into lineages is possible, 

but mostly academic at this point
• Clinical features vary between clades

• IIb has lower mortality  and hospitalizations
• Fewer lesions but increased human-to-human 

transmission

Historical name Congo Basin West Africa

Clade I* IIa* IIb (hMPXV1)^

Mortality rate ~10% ~1.0% <0.03%

Hospitalizations 57.5% 35.5% 8.6%

>100 Lesions 73.7% 13.0% <10%

Human-to-human 
transmission 31.5% <1.0% >99.9%
*Data from Likos 2004 and Jezek 1988

^Data from Patauner 2022

Important: Clade 1 (Congo Basin) is 
considered a select agent
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Brief history of monkeypox 
virus outbreaks
1958 – Monkey poxvirus first isolated

1970 – First human cases identified

2003 – First outbreak in non-endemic areas

2003 – 2022 “Blips” begin increasing
Travel-associated cases

Local outbreaks in DRC and surrounding countries

2017 – Atypical outbreak in Nigeria

May 2022 - WHO declares MPXV “Public Health 
Emergency of International Concern” 

https://asm.org/Resource-Pages/MonkeypoxDOI: 10.1111/j.1699-0463.1959.tb00328.x

PMID: 6249508

PMID: 14736926
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Brief history of monkeypox 
virus outbreaks
1958 – Monkey poxvirus first isolated

1970 – First human cases identified

2003 – First outbreak in non-endemic areas

2003 – 2022 “Blips” begin increasing
Travel-associated cases

Local outbreaks in DRC and surrounding countries

2017 – Atypical outbreak in Nigeria

May 2022 - WHO declares MPXV “Public Health 
Emergency of International Concern” 

https://asm.org/Resource-Pages/Monkeypox
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• Dr. Ogoina observed a 9-year-old child with chickenpox-type rash
• However, child previously had chickenpox disease…

• The last MPXV outbreak in Nigeria happened 25 years ago
• Over 80% of cases were children in rural areas 
• Often small outbreaks associated with animal exposure

• However, this time it was different
• Over 200 cases were identified, mostly in men from the city
• Clinical history revealed a majority of these were MSM and had genital lesions

https://www.npr.org/sections/goatsandso
da/2022/07/28/1114183886/a-doctor-in-
nigeria-tried-to-warn-the-world-that-
monkeypox-had-become-a-global-t

2017 Nigerian Outbreak

Did the outbreak really die out?
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Digression: APOBEC3

• APOBEC3 is a human enzyme that 
is critical in the defense against 
DNA viruses that infect our cells

• APOBEC3 functions as a “cytosine 
deaminase”
• Essentially it changes an C -> T and 

disrupts viral replication

• Enzyme has well characterized 
mutation rate
• Estimated ~9 APOBEC3 mutations 

per year for MPXV in humans

https://virological.org/t/an-apobec3-molecular-clock-to-estimate-the-date-of-emergence-of-hmpxv/885
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Digression: APOBEC3

• APOBEC3 is a human enzyme that 
is critical in the defense against 
DNA viruses that infect our cells

• APOBEC3 functions as a “cytidine 
deaminase”

• Enzyme has well characterized 
mutation rate

• April 5th 2016 - Estimated date of 
MPXV emergence in humans

https://virological.org/t/an-apobec3-molecular-clock-to-estimate-the-date-of-emergence-of-hmpxv/885

2017 Nigeria

2022 outbreak

Why does this matter?
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What the Lab Needs to Know about MPXV

Pre-analytical Analytical Post-analytical

- Specimen sources
- Disease onset
- Number of specimens
- Collection media

https://diagnostics.roche.com/us/en/products/instruments/cobas-6800-ins-2693.html
https://www.flaticon.com/free-icon/chart_8960963
https://www.flaticon.com/free-icon/test-tube_3159741
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Method:
• Compared viral load of lesion 

swabs to OP swabs for MPXV 
patients

Results:
• Lesion samples

16/16 with MPXV detected
14/16 >106 copies/mL

• OP samples
8/12 with MPXV detected
2/12 samples with >106 copies/mL

Limitation:
• Specimen type or Specimen site?

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?

N=16 N=12
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Retrospective study of 356 specimens collected from 
50 individuals with sampling at multiple anatomic sites

Results:
• Skin was the most sensitive site 

with earliest Ct values

• Despite the presence of skin lesions 
in all individuals, MPXV DNA was 
not detected in 12% (6/50)

• Urine was the least sensitive with 
22% (9/41) positive

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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pharyngitis +: 23.5
pharyngitis -: 29.0  

ulcer +: 19.6
ulcer - : 25.3

Retrospective study of 356 specimens collected from 
50 individuals with sampling at multiple anatomic sites

Results:
• Skin was the most sensitive site 

with earliest Ct values
• Despite the presence of skin lesions 

in all individuals, MPXV DNA was 
not detected in 12% (6/50)

• Urine was the least sensitive with 
22% (9/41) positive

• For anal and throat samples, 
earlier Cts are associated with 
tissue injury

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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Conclusions:
• Specimen site and type matter

• Skin is the most sensitive site for 
MPXV detection 

• Presence of injury (inflammation, 
ulceration, etc.) associated with 
higher viral load and likely better 
analytic sensitivity

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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Median Viral Load (copies/mL)

Source Initial positive specimens Week 1 Week 2 Week 3
Lesion 5/5 3.31x107 3.04x106 8.55x103

OP 3/5 8.44x104 4.04x103 0
Blood 4/5 585 7.8 23.7

• Longitudinal measurement of viral load in 5 
individuals up to 21 days following symptom onset

• VL measured from lesion swabs, OP, and blood

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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Conclusions:
• VL is highest at initial diagnosis

• Skin lesions remain positive for the 
longest duration

• Resolving lesions contain MPXV DNA

Lesion timeline for Patient 1:

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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• Collect at least two dry 
swabs from the same lesion

• Place swabs in individual 
sterile containers

• No mention of number of 
sites to collect

(2-3 lesions)

5/31/22 Lab Alert

6/24/22 Update

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?

Dry swabs discouraged
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Over 10,000 samples collected between mid-July to early Sept.
• 31% of ARUP specimens and 10% of UW specimens 

had multiple samples collected

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?
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Conclusions:
• Two specimens appear sufficient for diagnosis
• Late CTs in discrepant samples may represent 

contamination or resolving disease

Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?

0     1      2 0     1      2      3 0     1      2      3     4 0     1      2      3     4     5 0     1      2      3     4     5     6
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Pre-analytic Questions:
1. What specimens are best to collect?
2. When should specimens be collected?
3. How many specimens to collect?
4. What is the best collection media?

Results:
• Cts were similar despite 

statistical significance

• Dry swab: 22.8;  VTM: 24.4

Conclusions:
• Analytically, dry swabs and 

VTM have similar performance

• However, impacts on 
processing and TAT make VTM 
a more favorable option
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What the Lab Needs to Know about MPXV

- Molecular targets
- Association of CTs to infectivity
- Detection in non-routine assays

Pre-analytical Analytical Post-analytical
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Targets for MPXV detection

Non-variola, orthopox 
Advantages

• Can detect other orthopox infections 
(vaccinia, cowpox)

• Does not detect variola

Disadvantages
• Dx relies on epidemiological data

Monkeypox, Clade II specific 

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays
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Targets for MPXV detection

Non-variola, orthopox 
Advantages

• Can detect other orthopox infections 
(vaccinia, cowpox)

• Does not detect variola

Disadvantages
• Dx relies on epidemiological data

Monkeypox, Clade II specific 
Advantages:

• Definitively identifies monkeypox virus

• Target has two copies per genome

Disadvantages
• Challenging to find ideal target, Clade I and 

Clade II share >99% sequence identity

• Reports of false negative results with this assay

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays

Clade I
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Results:
• Orthopox: Median CT- 23.9

• Monkeypox: Median CT- 25.4 

Conclusions:
• Targets demonstrate similar 

cycle thresholds and likely 
similar analytic performance

• However, each target has 
potential shortcomings

OPOX MPX

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays
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43 specimens from 32 patients
21 OP, 20 skin lesion, and 2 rectal swabs

Plaque assay using BSC-1 cells, fixed at 72hrs

Culture positive

https://doi.org/10.1016/ S1473-3099(22)00513-8 

Conclusions:
• Culturable virus can be obtained from clinical sources 

including non-lesional specimens (e.g. OP and semen)
• Culturable virus is observed at viral loads >4,300 cp/ml
• However, infectious virus in cell culture =/= transmissibility

4,300 cp/mL

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays
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Observe for CPE for 10 days

Cell lines:
RMK
BGM
A549
MRC-5

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays

3,468 specimens collected between July and August
- 14 MPXV specimens were identified

Growth and CPE of MPXV was compared to HSV and VZV 
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Analytic Questions:

1. Does a positive PCR result reflect infectivity?

2. How do different PCR targets compare

3. Detection in non-standard assays

Control MPXV

RMK

BGM

A549

MRC-5
Observe for CPE for 10 days

Cell lines:
RMK
BGM
A549
MRC-5

3,468 specimens collected between July and August
- 14 MPXV specimens were identified

Growth and CPE of MPXV was compared to HSV and VZV 
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Results:

• MPXV demonstrates characteristic 
CPE in A549 and MRC-5 cells

• MPXV grows more quickly than 
VZV and demonstrates higher CPE 
in RMK cells

Conclusions:

• MPXV can be separated from HSV 
and VZV by CPE pattern and 
growth rate in cell lines

• Cell culture provides unique 
benefits not present with PCR

Analytic Questions:

1. How do different PCR targets compare?

2. Does a positive PCR result reflect infectivity?

3. Detection in non-standard assays
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What the Lab Needs to Know about MPXV

- Discrepancy reporting
- Repeat algorithms

Pre-analytical Analytical Post-analytical
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CDC report of three false positive 
MPXV results in low-risk patients

• All patients received treatment

Why do these errors occur?
• Pipetting error
• Specimen mislabel
• Cross-contamination

Is repeating the best answer?

“If you obtain a high Ct value (generally ~34 or higher), CDC 
recommends to immediately re-extract and re-test to ensure 
there was no cross-contamination. CDC suggests this approach 
based on high Ct value alone, even in the absence of 
epidemiologic information.”
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403420

Negative

CT value

Positive ?????

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Theoretical MPXV PCR assay
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403420

Negative

CT value

Positive

Low Positive
or 

False Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Situation #1
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403420

Negative

CT value

Positive

Low Positive
or 

False Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Situation #2
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403420

Negative

CT value

Positive

Low Positive
or 

False Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Situation #3

Post-analytic Question:

1. How to report samples near the LoD?
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403420

Negative

CT value

Positive Low Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522
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403420

Negative

CT value

Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Low Positive

Situation #1
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403420

Negative

CT value

Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

99.9%

Low Positive

Situation #1
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403420

Negative

CT value

Positive

False Positive
Or

Low Positive?

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522
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403420

Negative

CT value

Positive

Low Positive
Or

False Positive

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Solution:
- Report as positive?
- Report as negative?
- Repeat a third time??
- Report as inconclusive???

Situation #3
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403420

Negative

CT value

Positive

False Positive
Or

Low Positive?

41 42 43 4433 35 3632 37 38 3921 30 3127 28 292623 24 2522

Conclusions
• Due to high viral loads in true positives, cross-

contamination may lead to false positives 
being reported

• When developing a repeat algorithm, it is 
necessary to have a deep understanding of an 
individual lab’s assay

• Clinical information is critically important in 
helping to resolve FP issues

• CT values alone may be insufficient to 
separate false positives from true positives

Situation #3
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What the Lab Needs to Know about MPXV
Major Conclusions

- Skin lesions are most sensitive
- Collect early, but virus may be 

recovered from healing skin
- 2 swabs are virtually as 

sensitive as 3 or more

- OPXV and MPXV targets have 
similar analytic performance

- Infectious virus is present even 
in specimens with late Ct values

- Viral culture assays may 
incidentally recover MPXV

- Samples with late CTs may raise 
concern for FP results

- Careful consideration must go 
into creating repeat algorithms

Pre-analytical Analytical Post-analytical
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Thank you!
Questions? Comments?
Ben T. Bradley, MD, PhD
ben.bradley@hsc.utah.edu


