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Pox viruses



Lewis-Jones S. Curr Opin Infect Dis 2004;17:81–89.



The discovery of cowpox vaccination by Edward Jenner in 1796

Milk lady was immune from Smallpox

Jenner vaccinated his servant’s son

Jenner vaccinated his own son



Smallpox vaccination in Hong Kong

Wong S, HKMJ 2017;23(1):101-3



Smallpox vaccination in Hong Kong

Vaccination stopped in 1973



Monkeypox



Mohamed, NA, et al. Vaccines 2023, 11, 428.

Timeline of Monkeypox
1958: discovered in a group of monkeys in a Danish laboratory 
1970: first human case (9m-old boy in DRC)



Key questions of the current global outbreak

• Why now for a DNA viral disease of over 50 years old?

• Atypical Clinical characteristics?

• Sexual transmission?

• Needing antivirals?

• Needing vaccination?



Why Now: 
increasing international travelers to Africa



Why now?
decreasing vaccination rate

• WHO declared eradication of 
smallpox in 1980

• Smallpox vaccination confers 85% 
cross protection against 
monkeypox

• Most countries stopped SP 
vaccination in the 1970s



Why now?
Animal trade

2003 outbreak in US

CDC. MMWR Morb Mortal Wkly Rep. 2003 Jul 11;52(27):642-6.



Origin of the 2022 outbreak

• The 1st sequence of the 2022 outbreak by 
Portugal

• Closely resemble that of UK and Nigeria in 
2018, and Singapore in 2019

• West African clades

• ? circulating in animal and human since 2018

Genome

https://virological.org/t/multi-country-outbreak-of-monkeypox-virus-genetic-divergence-and-first-signs-of-microevolution/806

https://virological.org/t/multi-country-outbreak-of-monkeypox-virus-genetic-divergence-and-first-signs-of-microevolution/806


Sexual transmission?

Canary Islands



Situation update

14 August 2022

19 October 2023

1 January 2023

17 July 2023



As of 1 Dec 2023, there were total of 92,182 cases



171 deaths as of 1 Dec 2023 (0.18%)



Western vs central clades



Difference between Western & Central clades



Western vs Central clades

MOP inhibitor of complement enzyme 
(MOPICE)

● One of the virulence factors
● Gene encoding the inhibitor is 

present in the Central Congo clades
● Absent in Western clades

Liszewski MK, et al. J Immunol 2006; 176:3725-3734



Declaration and stand-down of PHEIC
國際關注的突發公共衛生事件

23 July 2022 11 May 2023



WHO changed the name from Monkeypox to mpox on 28 Nov 2022



Joint ECDC-WHO Regional office for Europe Mpox Surveillance Bulletin 9 Oct 2023



Joint ECDC-WHO Regional office for Europe Mpox Surveillance Bulletin 9 Oct 2023



Summary of outcome of cases of monkeypox in the European Region, 2023

Joint ECDC-WHO Regional office for Europe Mpox Surveillance Bulletin 9 Oct 2023



Sexual orientations among male cases of mpox, European Region, 2022–2023

Joint ECDC-WHO Regional office for Europe Mpox Surveillance Bulletin 9 Oct 2023



Gessain A, et al. N Engl J Med 2022;387:1783-93. DOI: 10.1056/NEJMra2208860

Natural history of 
monkeypox



Atypical presentation?

• Most cases have occurred in men aged 20–50 years who identify as 

gay or bisexual or MSM 

• Do not have recent travel history to monkeypox endemic countries.

• Additionally, there does not appear to be links between these cases 

• Less likely to have prodrome or have only minimal prodrome

• 1st sign of symptoms over genital or perianal regions

Otu A, et al.  Lancet Microbe. Published Online June 7, 2022 



Gessain A, et al. N Engl J Med 2022;387:1783-93. DOI: 10.1056/NEJMra2208860 



Key Clinical Characteristics for Identification

● Incubation period: ~ 7−14d (range 5−21d)
● First symptoms: fever, malaise, headache, sometimes sore throat 

and cough, and lymphadenopathy
● Lymphadenopathy ~50%.

○ Occurs with fever onset, 1–2d before rash, or rarely with rash.
○ Cervical 85.6%, inguinal 77.3%

● Lesions well circumscribed, deep seated, and often umbilicated
● Lesions are relatively the same size & same stage of development 

on a single site of the body (ex: pustules on face or vesicles on legs)
● Rash is centrifugal (more lesions on extremities, face) 
● Lesions on palms, soles (vs chickenpox)
● Painful until the healing phase when they become itchy (crusts)
● Mucosal lesions 28.7%: Oral ulcers,  Inflammation of the 

pharyngeal, conjunctival and genital mucosae

CDC, WHO



Stages of Monkeypox

UK Health Security Agency



https://www.grxstatic.com/4f3rgqwzdznj/7l8ranOtUMpgO67GGDG1Cn/e89a96a5575dc0c6c26669b0a418085a/monkeypox-a-timeline_goodrx.png?format=png&auto=webp&width=704

https://www.grxstatic.com/4f3rgqwzdznj/7l8ranOtUMpgO67GGDG1Cn/e89a96a5575dc0c6c26669b0a418085a/monkeypox-a-timeline_goodrx.png?format=png&auto=webp&width=704


Complications of Monkeypox
• GI: vomiting and diarrhoea, leading to dehydration & 

electrolytes imbalance
• Eye: conjunctivitis and corneal scarring, leading to blindness
• Sepsis from skin or LN infection
• Encephalitis
• Bronchopneumonia
• Permanent pitted scarring secondary to bacterial infection 
• Miscarriage in pregnant women
• CFR: 0-11% in unvaccinated individuals 
• Immunocompromised individuals, e.g. untreated HIV 

infections more serious disease and higher risk of fatality

Beer EM, et al. PLoS Negl Trop Dis. 2019 Oct 16;13(10):e0007791
Reynolds MG, et al. Viruses 2017 Dec 12;9(12):380.



DDX:
● Viral: HSV, VZV, HIV, molluscum contagiosum
● Bacterial:

○ Gonorrhoea
○ Syphilis
○ LGV
○ Chancroid



Severe Proctocolitis leading to GIB
(Hb dropped from 15 to 7g/dL)

Taj S, et al. Case Rep Gastrointest Med 2023, 9981631.



Eye lesions

(A) Vesicles on the left lower eyelid (black arrow). 
(B) Multiple papular lesions on the right eyelid.
(C) Ulceration of the palpebral conjunctiva

Zong Y, et al. Viruses 2023, 15, 616.



CNS encephalomyelitis

Abnormal T2/fluid attenuated signal in: 
(A) right frontal and left frontal lobes
(B) bilateral basal ganglia
(C) bilateral medial thalami and right splenium
(D) central thoracic spinal cord
(E) gray matter of the conus medullaris

Abnormal T2/fluid attenuated signal in: 
(A) pons and cerebellum
(B) Medulla
(C) gray matter of the cervical spinal cord

Pastula DM, et al. MMWR Morb Mortal Wkly Rep. 2022 Sep 23;71(38):1212-1215.



Differential diagnosis
• Chickenpox 
• HSV
• Primary or secondary syphilis
• Disseminated gonococcal infection 
• Hand, foot and mouth disease 
• Chancroid
• Lymphogranuloma venereum 
• Granuloma inguinale
• Molluscum contagiosum, measles, scabies, Rickettsia pox
• Chikungunya, zika virus, dengue fever 
• Vasculitis and other bacterial skin and soft tissue infections  

WHO. CLINICAL MANAGEMENT AND INFECTION PREVENTION AND CONTROL FOR MONKEYPOX Interim rapid response guidance 10 June 2022



Zahmatyar M, et al. Front Med
2023;10:1157670



Centrifugal distribution

Petersen E, et la. Infect Dis Clin North Am. 2019 Dec;33(4):1027-1043



McCollum AM, et al. Clin Infect Dis 2014;58(2):260–7



MPOX in HIV

HIV with CD4 < 200 cells/mL has more:

• Longer course of diseases

• Fulminant disseminated necrotizing cutaneous lesions

• Systemic diseases

• Higher mortality

Mitja O, et al. Lancet 2023; 401: 939–49



HA CCIDER



Antinori A, et al. Euro Surveill. 2022;27(22): online 2 June 2022



Infection control

Cultivatable virus with VL > 6 log in:
• Soap dispenser operating lever
• Towel in bed to protect the bed sheet
• Glove of the examiner after contact with fabrics

Conclusion:
these data underscore the importance to remind hospital personnel of 
the need to follow recommended protection measures for monkeypox

Method:
• Examined surfaces in rooms occupied by monkeypox patient on 

their 4th hospitalisation day. 
• Contamination with up to 105 viral copies/cm2 on inanimate 

surfaces was estimated by PCR and the virus was successfully 
isolated from surfaces with > 106 copies

N.rz Dominik, et al. Euro Surveill. 2022;27(26):pii=2200477. https://doi.org/10.2807/1560-7917.ES.2022.27.26.2200477

https://doi.org/10.2807/1560-7917.ES.2022.27.26.2200477


Droplet transmission?

Gould S, et al. Lancet Microbe 2022; 3: e904–11



• A nurse used a needle to puncture the vesicle to facilitate swabbing 
• NSI occurred when recapping with small amount of bleeding.
• Immediately washed with soap and water and drenched with Betadine 

antiseptic solution (10% povidone-iodine).
• Received 1st dose of JYNNEOS vaccine 15 hours after the incident as PEP
• 10 days after the exposure, a single skin lesion formed at the site of the 

needlestick. 
• Swabbed +ve for MPOX
• ↑ in size but < 1cm. Then crusted & fallen off 19 days later.
• No additional lesions 
• No Rx given

Conclusion:
• NSI can transmitted MPOX
• PEP is effective

Mendoza R, et al. MMWR Morb Mortal Wkly Rep. 2022 Oct 21;71(42):1348-1349. doi: 10.15585/mmwr.mm7142e2.



Management of Monkeypox



Management

• Aim: prevent complication, relieve 
discomfort, speed healing

• Support care
• Prevent secondary bacterial infection
• Pain relief
• Nutritional support
• Adequate hydration
• Symptomatic treatment
• Monitoring
• Antivirals for severe diseases

WHO. CLINICAL MANAGEMENT AND INFECTION PREVENTION AND CONTROL FOR MONKEYPOX Interim rapid response guidance 10 June 2022



WHO. CLINICAL MANAGEMENT AND INFECTION PREVENTION AND CONTROL FOR MONKEYPOX Interim rapid response guidance 10 June 2022



Antivirals and vaccines

• Treatment
• Tecovirimat 
• Brincidofovir
• Cidofovir
• Vaccinia Immune Globulin Intravenous (VIGIV)

• Vaccines
• JYNNEOS ( Imvamune, Imvanex or MVA-BN)
• ACAM2000



Ivanov DT, et al. Infez Med. 2023 Jun 1;31(2):186-194.

Antivirals vs MPOX



In in vitro of antivirals for mpox

Frenois-Veyrat G, et al. Nat Microbiol. 2022 Dec;7(12):1951-1955.

Tecovirimat



Tecovirimat: mice study

• Mice were given 2 doses of 
Tecovirimat: 
• 30mg/kg or 
• 100mg/kg

• Rx given at D-1, D0 or D+1 of 
viral inoculation x 5d

• Measure viral loads at D7 or D15 
after Rx

• Vs control

Warner, BM, et al. Sci Transl Med. 2022 Nov 30;14(673):eade7646.



• Case series in Germany1:
• All 12 cases showed clinical 

improvement

• Case series in US2:
• 2 cases showed resolution of 

lesions after prolonged Rx
• 6 cases showed resolution of 

lesions after 14d Rx

Efficacy of Tecovirimat

• Cases control study3:
• 19 Rx vs 22 Un-Rx
• No significant changes in 

clinical recovery and viral 
loads after 14d Rx

1. Hermanussen L, et al. Infection. 2023 Oct;51(5):1563-1568.
2. Seifu L, et al. MMWR Morb Mortal Wkly Rep. 2023 Apr 28;72(17):471-472.
3. Mazzotta V, et al. J Med Virol. 2023;95:e28868.



Tecovirimat for mpox
• 369 outpatients given Tecovirimat
• 99.8% oral tecovirimat
• 46.3% HIV +ve
• Median time from initiation of tecovirimat to improvement: 3 days 
• Adverse events 3.5%: headache (3), nausea (2), visual disturbance (2), 

weakness (2), vomiting (1), ↑ALT (1), psychiatric admission (1), rash 
(1), hives (1), numbness (1), fatigue (1), and dizziness (1).

O’Laughlin K , et al. MMWR Morb Mortal Wkly Rep. 2022 Sep 16;71(37):1190-1195.



Monkeypox vaccines



ACAM2000 (2nd generation) JYNNEOS (3rd generation)

License for Monkeypox US for PEP (2007) US (2019), Canada, EU (Smallpox only in 2013)

Vaccine virus Replication-competent vaccinia virus Replication-deficient modified vaccinia Ankara 
virus

Inadvertent inoculation & 
Autoinoculation Risk exists No risk

Serious adverse event Risk exists Fewer expected

Cardiac adverse events Myopericarditis 5.7/1000 primary 
vaccinees Lower than ACAM2000

Effectiveness

Comparing immunologic response & 
“Take” rates to “Dryvax” (1st 
generation vaccine), ~ 85% in 
preventing MKP

Comparing to ACAM2000 & animal studies:
● 100% protective in animal vs MKP
● Seroconversion >90% in human

Administration Percutaneous 15 punctures by 
bifurcated needle Subcutaneously in 2 doses, 28d apart

CDC



Very common (> 1/10) Common (up to 1/10) Uncommon (up to 1/100) Rare (up to 1/1000)

● headache
● aching muscles
● feeling sick
● tiredness
● pain, redness, 

swelling, hardness or 
itching at the injection 
site

● chills
● fever
● joint pain, pain in 

extremities
● loss of appetite
● discolouration, lump or 

bruising at the 
injection site

● nose and throat infection, URTI
● swollen lymph nodes
● abnormal sleep
● dizziness, abnormal skin 

sensations
● muscle stiffness, back pain, neck 

pain
● sore throat, runny nose, cough
● diarrhoea, vomiting, abdominal 

pain, dry mouth
● rash, itch, skin inflammation, skin 

discolouration
● warmth, bleeding, irritation, 

scaling, inflammation, abnormal 
skin sensation, reaction

● underarm swelling, flushing, chest 
pain, pain in the armpit

● bruising

● sinus infection
● pink eye
● hives (nettle rash)
● skin bruising
● sweating
● night sweats
● lump in skin
● muscle cramps, pain, weakness
● swelling of the ankles, feet or fingers
● swelling of the face, mouth and throat
● faster heart beat
● spinning sensation (vertigo)
● migraine
● nerve disorder causing weakness, tingling 

or numbness, drowsiness
● rash, numbness, dryness, movement 

impairment, blisters at injection site
● weakness
● feeling unwell
● influenza-like illness

UKHSA. Recommendations for the use of pre and post exposure vaccination during a monkeypox incident. Updated 17 June 2022 v9

Adverse effects associated with JYNNEOS ( Imvamune, Imvanex or MVA-BN)



CHP recommendations 
(23 August 2023)

• Mass vaccination is not recommended.

• First-or second- generation smallpox vaccines are not recommended.

• PEP is recommended in the order of exposure risk from high to low, with appropriate 3rd generations
vaccine, ideally within 4d of 1st exposure (up to 14d in the absence of symptoms) 

• PrEP for high risk groups :

• HCW caring for confirmed MKP cases

• Lab workers handling zoonotic pox viruses

• Animal workers with potential exposure

• Individuals with high risk sexual practices: men having sex with men, multiple sexual partners, sex 
workers, sexual transmitted infection within the last 12m

• In principle, one dose would be sufficient in persons with past history of smallpox vaccination. 



How effective is JYNNEOS Vaccine Against Diagnosed Mpox

Rosenberg ES, et al. MMWR Morb Mortal Wkly Rep. 2023 May 19;72(20):559-563.



Vaccine efficacy
• Case–control study based on nationwide 

electronic health record database

• Aim: assess the effectiveness of JYNNEOS
vaccination 

• Case: an mpox Dx  code or +ve mpox
laboratory result

 2193 cases with 25 cases fully vaccinated

• Control: Dx of HIV or those on PrEP vs HIV

 8319 control with 335 control fully 
vaccinated

Deputy NP, et al. N Engl J Med 2023;388:2434-43.



Effectiveness of PEP

Surveill. 
2023;28(24):pii=2200883

Morales LM, et al. Euro Surveill. 2023;28(24):pii=2200883



Hong Kong Mpox data

Last case 21/11/2023

N = 53 cases 
(1 case in 9/2022)
Total: 54 cases



Tecovirimat resistance: N267D

Mertes H, et al. Ann Intern Med. 2023 Aug;176(8):1141-1143.

Conclusion:
• Single point mutation N267D confers 

Teco resistance
• Anal VL > Blood VL
• ART will ↑ CD4 
• VL ↓ with ↑ CD4 



Tecovirimat resistance

Garrigues JM, et al. Antimicrob Agents Chemother. 2023 Jul 18;67(7):e0056823.
Smith TG, et al. Emerg Infect Dis. 2023 Dec;29(12):2426-2432.

• Envelop protein VP37 mutations associated with 
Tecovirimat resistance: 

• prior studies: H238Q, P243S, N267D, A288P, 
A290V, D294V, A295E & I372N 

• 5 more new mutations T220A/I, T245I, 
A265D, and T289A

• Tecovirimat resistance ↑ over time

• Single amino acid mutation can confer resistance



Summary 

• Mpox has been circulating since 1970
• 2022 outbreak is likely related to the transmission within a defined group
• Current strain belongs to Western Africa clade with less virulence
• Sexual transmission is possible besides other common routes
• Atypical presentation includes genital lesions & proctitis with mild or no prodrome
• But severe complications may involve the eyes and the brain
• Antivirals include Tecovirimat, Brincidofovir & cidofovir can be used.
• Antiviral resistance may be an issue
• Smallpox vaccines can help to protect Mpox



Thanks

Monkeypox
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