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Monkeypox Testing in the US 

First case British 
resident who 
travelled to 
Nigeria 

May 4, 2022 

2 cases in same 
household, no h/o 
travel

May12

Four cases from 
London

May 17

Portugal 14 cases, 
Spain 7 cases, US 
first case

May 18

Aegis , Labcorp, 
Mayo Clinic, 
Quest, and Sonic 
Healthcare 
perform tests

(JHH Lab LDT) 

June 23

WHO Declares 
Public Health 
Emergency of 
International 
Concern (PHEIC)

July 23

US Declares Public 
Health Emergency

August 4

Diagnostic 
emergency use 
authorization  for 
monkeypox tests

September 7



Poxviridae family, DNA virus
• Species

• Variola virus- (wild) smallpox, eradicated in 1977 with vaccinia virus
• Abatino macacapox, Akhmeta, Camelpox, Cowpox, Ectromelia, Monkeypox, 

Raccoonpox, Skunkpox, Taterapox, Vaccina, Volepox

• Monkeypox virus – increasing virulence to humans with evolution1,2

• 196,858 bp genome
• 6379 bp inverted terminal repetition (tandem repeats, terminal hairpins) with 4 ORFs
• 190 open reading frames 
• ORFs are essential (C10L to A25R; 56,000-120,000) – 90% sequence identity with 

other OPV
• Majority of species and strain-specific different are in the left and right terminal 

regions

• 1-2 substitutions per genome per year3

1. Shchelkunov SN et al. Virology 2002; 297: p172-194
2. Babkin IV et al. Viruses 2022 14:p388
3. Firth C Mol. Biol Evol 2010; 27:2038-2051



Phylogenetic Tree of Monkeypox Virus Genomes

Most similar to 2017-8 
International outbreak: <100 base 
differences out of ~197,000

https://ncbiinsights.ncbi.nlm.nih.gov/2022/05/26/monkeypox-virus-genome/



Isidro J et al. Nature 2022; 28:p1569-1572

Phylogenetic Analysis of 2022 Outbreak

• Clade III (lineage B.1)

• 40-50 SNP difference 
from 2018-2019 
viruses

• Evidence of 
accelerated 
evolution



SNPs Characterizing the 2022 MPXV Outbreak

Isidro J et al. Nature 2022; 28:p1569-1572



• May 17-June 30, 2022 – Laboratory 
response network tested 2,009 
specimens

• June 10→68 US LRN labs in 47 states and 
DC implemented the NVO (non-variola 
orthopox) assay

• 730 specimens from 395 patients were 
positive 

• 159 cases confirmed to be monkeypox, 
236 confirmatory tests pending

Lab Guidelines for the Detection and Diagnosis of Monkeypox, May 2022 PAHO/WHO 



What to sample?



What to sample?
• 181 patients with confirmed MPX, all with skin lesions

• VL higher in lesions than in pharyngeal specimens; 

• Lesions are the highest yield

• May 11-June 29, 2022

Tarin-Vicente EJ et al. Lancet 2022; 400:661-69



What about other sample types?

• July 9, 2022 – nurse 
sustained needlestick 
injury to her thumb 
from supplies used to 
sample skin lesion

• 5 days, nodule at the 
site→ painful vesicle

• Source patient  
(MSM) had 2 weeks 
of sore throat 
cervical 
lymphadenopathy, 
few torso lesions

Carvalho LB et al. Emerg Inf Dis 2022:28:



Sample Stability
• DNA virus and very stable in UTM (up to 7 days with no change in 

cycle threshold) – (internal evaluation)

• 2 patients in one home, 20 days after isolation (12 days after 2nd

person became infected), 30 sites swabbed; 21 PCR positive, all 
culture negative



POC Tests Available 

• BioFire Defense Filmarray Sentinel panel, Biothreat panel
• GeneXpert in development BioGX MPX/OPX assay
• Tetracore, Inc Orthopox Biothreat alert – antigen immunoassay – RDT
• NG Biotech (France) NG-Test Monkeypox virus – “ – RDT



FDA EUA (September 27, 2022)

• 9/15/22 – Quest Diagnostics RT-PCR – lesion swab in UTM
• E9L (Monkeypox, Vaccinia, ectromelia viruses)

• Monkeypox virus clade II TNF receptor gene

• Internal processing control – exogenous DNA 

• Human Rnase P gene – specimen adequacy
• Important to show that specimen quality is high



Missed Opportunity?
• Leveraging COVID-19 capacity for molecular testing

• Still need reagents – extraction, PCR

• Biosafety training

• Need careful isolation of pre-amplification from post-amplification

• No rapid tests, yet

• Some resource
• Monkeypox Test Directory – FIND working to validate these 111 tests

• Wasted time and did not take advantage of Nigerian situation

• True diagnostic capacity will require a leveling of the playing field

Lancet Microbe Sept 2022: https://doi.org/10.1016/S2666-5247(22)00233-6

https://doi.org/10.1016/S2666-5247(22)00233-6


Cautionary Tale: Ebola  
Madudu, Uganda, Sept 2022

Ugandan Ministry of Health SitRep#5, September 24, 2022

34 cases (16 confirmed, 18 probable)
21 deaths (4 confirmed, 17 probable)



Summary

• Relatively rapid move from public health lab testing to private lab for 
monkeypox compared to COVID-19 (..and RADx ITAP)

• Monkeypox Clade III (lineage B.1) -Orthopox genome relatively 
conserved in the middle (monkeypox specific sequences) at the ends 
of the genome

• Lesions have the highest diagnostic yield

• DNA virus is very stable, (but easy to kill) 

• Need to develop a rapid preparedness system for diagnostics for 
zoonotic infections of pandemic potential and leverage the capacity 
built during COVID-19 globally



Declare the past, diagnose 
the present, foretell the 

future
-Hippocrates
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Monkey pox 
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• With the eradication of smallpox in 1980 and subsequent 

cessation of smallpox vaccination, monkeypox has emerged as 

the most important orthopoxvirus for public health 

• Monkeypox primarily occurs in central and west Africa, often in 

proximity to tropical rainforests, increasingly appearing in urban 

areas

• Animal hosts include: squirrels, Gambian pouched rats, dormice, 

non-human primates and other species

• Fatality

– 3.6% CLADE II [west African clade]

– 10% CLADE I [central African (Congo Basin) clade]

• Clade IIB global clade in 2022

https://www.who.int/news-room/fact-sheets/detail/monkeypox

https://www.who.int/news-room/fact-sheets/detail/monkeypox


Where do we stand, globally?
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As of 9/26/22: 65,933 cases globally. 13 deaths



United States
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As of 9/26/22: 25,962 cases. 1 death



Trajectory of New Infections

October 4, 2022 6https://www.gov.uk/government/publications/monkeypox-outbreak-technical-

briefings/investigation-into-monkeypox-outbreak-in-england-technical-briefing-8

https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-

trends.html

https://www.gov.uk/government/publications/monkeypox-outbreak-technical-briefings/investigation-into-monkeypox-outbreak-in-england-technical-briefing-8
https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html


Trajectory of New Infections
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https://www.gov.uk/government/publications/monkeypox-outbreak-technical-briefings/investigation-into-monkeypox-outbreak-in-england-technical-briefing-8
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Trajectory of New Infections
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https://www.gov.uk/government/publications/monkeypox-outbreak-technical-briefings/investigation-into-monkeypox-outbreak-in-england-technical-briefing-8
https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html


Clinical Presentation (outside of 

Africa)
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Clinical Presentation (outside of 
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Clinical Presentation
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Differential Diagnosis
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Diagnostic dilemmas

• Genital Ulcers
– HSV

– Syphilis

– Chancroid

– LGV

• Proctitis
– GC, Chlamydia

– HSV

• Rash
– Disseminated HSV

– VZV

– Syphilis

– Molluscum Contagiosum

– Disseminated GC

– Hand Foot and Mouth
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MPV Recent Case Series
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MPV Case Presentations: 2022 Data

Spain

Lancet 

N=181

London

BMJ 

N=197

16 Countries 

NEJM 

N=528

US 

MMWR 

N=1195

Demographics 

M:F:T

97% Male

3%Female

0% Trans

100% Male

0% Female

0% Trans

>99% Male

<1% T

99% M

0.4% F

0.7% T

Lesions 100% 100% 95% 100%

Fever 72% 62% 62% 63%

Chills 59%

LAN 85% 58% 56% 59%

Malaise 23% 41% 58%

Myalgia 32% 31% 55%

Headache 53% 25% 27% 51%

Rectal Pain 25% 36% 14% 22%

Sore Throat 36% 17%
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Distribution of Lesions

Spain

Lancet 

N=181

London

BMJ 

N=197

16 

Countries 

NEJM 

N=528

US 

MMWR 

N=1195

Genitals 55%* 56% 73% 46%

Anal/perianal 35% 42% 31%

Face 36% 25% 38%

Trunk 57%** 36% 55%** 21%

Hands/feet 60% 28% 10% 22%

Perioral 28% 25%***

Oropharyngeal 25% 14%

October 4, 2022 20

*anogenital

** trunk or limbs

*** mouth, lips or oral mucosa



Asymptomatic infection 

3/224 (1.3%) 13/200 (6.5%)



Diagnostic dilemmas
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How to obtain specimen

• Provider wears PPE

• Patient wears mask—no 

need for airborne 

precautions

• Vigorous rubbing of lesion

• No need to unroof

• 2-3 samples in VTM 

(depending on lab 

requirements)
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While waiting for test result

• While waiting for the initial test results, the patient should:

– Isolate at home. If living with others, isolate in separate room/area
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Positive Test, now what?

Most recover without complications

Symptomatic Treatment 

Supportive Care, isolation

Health Department - contact tracing

Antivirals

Hospitalization

Multi-disciplinary care

October 4, 2022 32



Complications 

• Proctitis 

• Urethritis

• Genital swelling and deformation

• Pharyngitis

• Lymphadenopathy

• Bacterial superinfection

• Encephalitis 

• Scarring
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Supportive Care

• Assess pain

– Mucosal lesions may not be visible on exam

• Supportive care:

– Oral lesions: Magic mouthwash, salt water gargle, 

viscous lidocaine

– Rectal: stool softeners, sitz baths, topical lidocaine, 

avoid opioids

• Stay in contact with patients

• NSAID’s with caution

• Tecovirimat may be indicated for pain

October 4, 2022 34



Antivirals

• Tecovirimat (TPOXX) p37 envelope protein inhibitor

– Available through the CDC under Expanded 

Access- Investigational New Drug (EA-IND) 

protocol

– Oral or IV course x 14 days

– Taken 30 min after a full meal with moderate fat

– Limited efficacy data

• Trifluridine (ocular complications)

• Other options (with downsides): Vaccinia IGIV, 

cidofovir, brincidofovir

October 4, 2022 35



Tecovirimat tolerability
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Indications for Antiviral Therapy

• Antiviral treatment considered for:

• People with severe illness

• People with risk for severe disease

• Severe immunocompromise (HIV*, leukemia, lymphoma, 

generalized malignancy, organ/BMT recipient, cancer 

treatment, TNF inhibitor tx, antimetabolites tx, high dose 

steroid tx)

• People with exfoliative skin diseases, atopic dermatitis

• Pediatric (<8 yo), pregnant, breastfeeding patients

• People with complications (secondary infections)

• People with lesions in anatomical areas that might constitute a 

special hazard (e.g., the genitals or anus) or complication
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Vaccines

JYNNEOS

• Live, non-replicating 

Vaccinia virus 

• 2 doses, 4 weeks apart

• FDA approved age 18+ 

(<18- EA IND)

• No data on efficacy in 

current outbreak

• Contraindicated: MPX 

symptoms, severe allergy to 

egg, ciprofloxacin, 

gentamicin

• Safe to administer to PLWH, 

atopic dermatitis

ACAM 2000

• Live, replication competent 

Vaccinia virus

• 1 dose, bifurcated needle 

multiple puncture technique

• EA-IND for MPX

• Contraindications

– Immune deficiency eye 

disease

– Atopic dermatitis/ 

eczema

• Risk of household contact 

Vaccinia transmission
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Lessons learnt

• Monkeypox not new

– Endemic since 1970s

– Previous outbreaks in 

US

• What we did well

– Planning response 

– communications

– consistent messaging

– Stigma reduction
October 4, 2022 39

https://www.cdc.gov/poxvirus/monkeypox/outbreak/us-outbreaks.html

https://www.cdc.gov/poxvirus/monkeypox/outbreak/us-outbreaks.html


What we need – a clinician’s view

• More data to fill knowledge gaps

• More readily available rapid diagnostics

• Self testing

• Rapid Ag 

– Sharps injury

• Multiplex PCR

– Skin

– Genital / Extragenital sites

October 4, 2022 40



Conclusions

• Current MPX is not presenting classically but is presenting at STI 

clinics, HIV providers and EDs

• Looks like other STI’s

– History and physical are important in differential

– Concomitant STI, HIV testing

• Supportive care is important for most, antivirals are available and 

should be used

• More rapid diagnostics essential for diagnostic certainty (GUD), 

facilitate early treatment, isolation advice, delineate new outbreaks 
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Questions?

Email: mhamill6@jhu.edu

mailto:mhamill6@jhu.edu
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