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Concerning recent 
monkeypox 
outbreak  outside  
Africa, one may 
wonder.. 

• How should we recognize the symptoms and 
signs of monkeypox? 

• Is monkeypox a lethal disease? 

• Are there specific antiviral treatments? 

• Is vaccine available? 



 
 

  

 
 

Monkeypox 

• Human monkeypox is a zoonosis caused by monkeypox 
virus, an orthopoxvirus and close relative of variola 
virus (smallpox) 

• Monkeypox was first discovered in 1958 in monkeys 
kept for research in the Democratic Republic of the 
Congo (DRC) 

• First reported in humans in 1970 in the Democratic 
Republic of Congo, most of the reported monkeypox 
outbreaks have occurred in Central and West Africa 



 

Zoonotic outbreak in the US in 
2003 

• In 2003, there was a zoonotic outbreak in the USA 
causing 47 confirmed or suspected cases 

• The outbreak was linked to the importation of 
Gambia giant rats, squirrels, and dormice, which 
had transmitted the virus to prairie dogs that 
were then sold as pets 

• Only 14 patients were hospitalized and there 
were no confirmed case of person-to-person 
transmission 



 
 

 

Recent 
outbreak 

outside Africa 

https://www.cidrap.umn.edu/ 

http:https://www.cidrap.umn.edu


 
Signs and 
symptoms of 
Monkeypox 

• Usually a self-limited disease with 
symptoms lasting from 2 to 4 weeks 

• Incubation: 7-14 days 

• Viral prodrome (0-5 days):  Fever, chills, 
intense headache, myalgia and back pain, 
lymplymphadehadenopanopaththy*y* 



  
 

 

 
 

  

 
   

 

Signs and Symptoms of Monkeypox 

• Skin eruption period (within 1-3 days after 
appearance of fever) 

• Centrifugal rash begins on the face and 
spreads over the body 

• Face (95%), palms and soles (75%) are 
mostly affected 

• Lesions progress from maculopapules to 
vesicles, pustules and followed by crust 
within a period of 10 days to two weeks and 
the lesions typically progress simultaneously 
at all parts of body 

• The number of lesions varies from a few to 
several thousand, may also affect oral 
mucous membranes, genitalia and 
conjunctivae, as well as the cornea 



Monkeypox lesions during the recuperative stage of infection 
https://phil.cdc.gov/Details.aspx?pid=12763 

https://phil.cdc.gov/Details.aspx?pid=12763


 Signs and symptoms for 34 patients with confirmed monkeypox, United States, 2003 

Clinical infectious diseases, 2005-12-15 



Laboratory findings of US patients with monkeypox, 2003 

Clinical infectious diseases, 2005-12-15 



 

  
 

   

Another study cohort in 
the UK 

• Review on 7 confirmed monkeypox cases in 
the UK from 2018- 2021 

• 4 acquired infection in Africa; 1 acquired the 
virus nosocomially: 2 belonged to household 
cluster 

Lancet Infect Dis 2022 May 24 



  

Summary of 
clinical course and 
response to 
treatment in 
seven patients 
with monkeypox 

Lancet Infect Dis 2022 May 24 



 

   
 

     

   

Skin and soft 
tissue 
manifestations 
of monkeypox 

All seven patients had pleiomorphic skin 
lesions (including papules, vesicles, pustules, 
umbilicated pustules, ulcerating lesions, and 
scabs) that were PCR positive for 
monkeypox virus DNA. 

Lancet Infect Dis 2022 May 24 



 

 

Severe cases 

• Severe cases occur more commonly among children and are related 
to the extent of virus exposure, patient health status and nature of 
complications 

• Complications include secondary infections, bronchopneumonia, 
sepsis, encephalitis, and sight-threatening keratitis 



Clinical infectious diseases, 2005-12-15 

10yo patient 
with  

complication of 
retropharyngeal  

abscess 



 

Case fatality 

• Case fatality rates ranging from 
1% to 10% have been reported in 
outbreaks in the Congo Basin, 
and the virus clade circulating in 
this region appears to be 
associated with higher virulence 



 

Case fatality 

• The West African clade, which is responsible for recent outbreaks in Nigeria, is 
associated with an overall lower mortality rate consistently less than 3% 

• Most reported deaths have occurred in young children and people with HIV 



 

 
 

  

 
  

   

Diagnosis 

• Specimen should be sent to PHLSB for RT-PCR test for monkeypox (TAT<24 hours 
for negative result) 

• Specimen types: 
• Dry swab in sterile container 

AND/ OR 
• Vesicle fluid in plain sterile bottle or syringe 

with needle removed and syringe capped 

• For swabs, use sterile polyester or Dacron swab. Do not use wooden swab as it may cause PCR 
inhibition and false negative results. The swab should be sent dry by putting in a sterile container 
without viral transport medium 

Remark: Prior arrangement should be made with microbiologist before sending the specimen 



 
 

      
 

Electron Microscopy (EM) 

Electron microscope image of monkeypox virions from a 
human skin sample. On the left are mature, oval-shaped 
virus particles, and on the right are the crescents, and 
spherical particles of immature virions 
Source: https://phil.cdc.gov/Details.aspx?pid=22664 

https://phil.cdc.gov/Details.aspx?pid=22664


Clinical management 



Clinical management- Supportive 

• Mainstay of treatment is supportive 

• Ensure adequate hydration and nutritional status 

• Secondary bacterial infections should be treated as indicated 

• The current outbreaks as of May 2022  involves the milde r West African clade with 
most cases presented with mild symptoms and recovered with supportive care 



 

  

Clinical management- Specific  Rx 

• Several antiviral agents maybe useful for treatment of monkeypox based on their 
activity against other pox viruses in animal and human studies 

a) Tecovirimat (ST-246) 

b) Cidofovir and 

c) Brincidofovir (CMX001) 

• The US CDC considers that smallpox vaccine, cidofovir, tecovirimat, and vaccinia 
immune globulin (VIG) can be used to control a monkeypox outbreak 



  

 

  
 

 

 
 

  
 

  
  

Tecovirimat (ST-246) 

• Tecovirimat works by interfering with the VP37 protein on 
the surface of orthopoxviruses, including smallpox, 
monkeypox and cowpox. 

• Studies in animals who had received lethal doses of either 
monkeypox or rabbitpox viruses showed that treatment with 
Tecovirimat for 14 days significantly increased survival rates. 

• According to US CDC, data is not available on the 
effectiveness of tecovirimat in treating human cases of 
monkeypox. Human clinical trials indicated the drug was safe 
and tolerable with only minor side effects. 

• Common adverse reactions (>=2%): headache, nausea, 
abdominal pain and vomiting; injection site reactions (IV 
form) 



 

 

 
 

 
  

d Access Investigational New Drug Protocol 

Tecovirimat (TPOXXTM) 

• Approved by FDA in  2018 for small smallppoox x 

• USCDC holds an Expande Expanded Access Investigational New Drug Protocol 
(EA-IND) for treatment of non-variola orthopoxviruses (including 
monkeypox) in an outbreak. 

• Tecovirimat was also licensed by the European Medical Association 
(EMA) for monkeypox treatment in 2022 

• As of May 19 2022, tecovirimat is approved for both oral and IV 
administration, thus expanding its potential utility 



 

 

  
  

   

 
 

   

Tecovirimat use in an UK 
patient, 2021 

• Age 30s, acquired via household contact 

• Given Tecovirimat 600mg BD for 2 weeks 
(oral) 

• Samples from blood and URI became PCR 
negative 48 h after commencing Rx 

• No new skin lesions developed after 24 h 
of therapy 

• No adverse effects or complications, with 
full recovery 

Lancet Infect Dis 2022 May 24 



 

 

  

  
 

Tecovirimat treatment consideration by US 
CDC (Under EA-IND protocol) 

May be considered for treatment in people with monkeypox 

• With severe disease (e.g. hemorrhagic disease, confluent lesions, 
sepsis, encephalitis) 

• Who are at risk of severe disease (e.g. immunocompromised, 
pediatric (<8), pregnant, or people with one of more complications) 

• With aberrant infections involving accidental implantation in eyes, 
mouth, or other anatomical areas which might constitute a special 
hazard (e.g. the genitals or anus) 



Way forward 



Cidofovir 

• Cidofovir is an intravenous antiviral medication for 
treatment of  cytomegalovirus (CMV)  retinitis in 
patients with AIDS and transplant recipients. Cidofovir 
also demonstrates in vitro activity against a number of 
DNA viruses including  herpes viruses,  adenoviruses, 
polyomaviruses,  papillomaviruses and poxvirus. 

• CDC holds an EA-IND that allows for the use of 
Cidofovir for the treatment of orthopoxviruses 
(including monkeypox)  in an outbreak. 

• Cidofovir is registered in Hong Kong. 



 
 

 

 

Brincidofovir (CMX001) 

• Brincidofovir is an oral acyclic nucleoside phosphonate 
that is converted intracellularly to cidofovir; unlike 
cidofovir, brincidofovir is not concentrated in the renal 
proximal tubules and is therefore not nephrotoxic. 

• Brincidofovir was approved in the US for treatment of 
smallpox in adults and children including neonates in 
June 2021 

• Dosing (adult): 200mg once weekly for 2 doses oral 

• Brincidofovir is not registered in Hong Kong 

https://www.uptodate.com/contents/cidofovir-drug-information?search=brincidofovir+&topicRef=16533&source=see_link


 

 

 

   

 

   

Clinical outcome of 3 patients 
treated with brincidofovir in the 
UK 

• Commenced approximately 7 days post onset of rash 

• Oral 200mg once a week x 3 doses 

• No consistent association between doses of 
brincidofovir and clinical or virological parameters, 
although patient 2 and 3 demonstrated transient 
reductions in URT viral load around the time of 
second doses 

• All 3 patients had rise in ALT and did not complete full 
course of treatment 

• All patients made a full recovery 

Lancet Infect Dis 2022 May 24 



   

Raised ALT 
after 

Brincidofovir 

Lancet Infect Dis 2022 May 24 



 

 

 

Vaccinia Immune Globulin Intravenous (VIGIV) 

• VIGIV is licensed by FDA for the treatment of complications due to 
vaccinia vaccinations and severe vaccinia infections 

• CDC holds an EA-IND that allows the use of VIGIV for treatment of 
orthopoxviruses (including monkeypox) in an outbreak 

• Not available in Hong Kong 



Vaccination 



  
 

  

Vaccination 

• Currently there is no registered specific vaccine for 
monkeypox available in Hong Kong 

• According to WHO, vaccination against smallpox was 
demonstrated through several observational studies to 
be about 85% effective in preventing monkeypox. 

• In US, Smallpox vaccine is not currently available to the 
general public. In the event of another outbreak of 
monkeypox in the U.S., CDC will establish guidelines 
explaining who should be vaccinated 



   

 

 

 

 

JYNNEOS- Smallpox and Monkeypox Vaccine 

• Jynneos (also known as Imvamune or Imvanex) is a vaccine based on a modified 
attenuated vaccinia virus (Ankara strain) approved for the prevention of 
monkeypox and smallpox by FDA 

• It is a live, non-replicating vaccine for adults 18 years of age and older; 
administered in two doses given four weeks apart 

• The effectiveness of Jynneos for the prevention of monkeypox disease is inferred 
from the antibody responses in the smallpox clinical study participants and from 
studies in non-human primates that showed protection of animals vaccinated 
with Jynneos who were exposed to the monkeypox virus. 

• Most common side effects: pain, redness, swelling, itching, firmness at the 
injection site, muscle pain, headache and fatigue. 



  

 

ACAM2000- Live vaccinia vaccine 

• ACAM2000 contains a live vaccinia virus, which is licensed in the US for 
immunization in people who are at least 18 years old and at high risk for smallpox 
infection. 

• Administered as a single dose 

• The vaccine does not contain variola virus and cannot cause smallpox. It 
contains vaccinia virus, which belongs to the poxvirus family, 
genus Orthopoxvirus. The vaccinia virus may cause rash, fever, and head and 
body aches. 



    
 

 
   

  

Vaccination strategies 
• Ring vaccination? 

• Both vaccines  may be  used  as post-exposure prophylaxis (PEP) if 
necessary.  

• The  sooner  an  exposed person gets  the vaccine, the better. US 
CDC recommends  that  the vaccine be given  wwitithhiinn 4  4 da dayys s from the 
date of exposure in  order  to prevent  onset  of the disease. 

 

• If given between 4–14 days after the date of exposure, vaccination 
may reduce the symptoms of disease, but may not prevent the 
disease. 

• Healthcare  personnel? 

• 2015 ACIP recommendation advise routine vaccination of 
laboratory personnel who directly handle cultures of, or animals 
infected with poxviruses 

Credit: John Johnson 



 

 
 

Referring back to the 
questions earlier on.. 

• How should we recognize the  symptoms and 
signs of monkeypox? 
• Vigilant about returned  travellers with viral 

symptoms + rash + lymphadenopathy* 

• Is monkeypox a lethal disease? 
• <3% for the West African clade, usually a self-

limiting disease with supportive Rx. Watch  out for 
at risk cases  e.g. immunocompromised, paediatrics 

• Are there specific antiviral treatments? 
• Limited clinical data. Currently cidofovir is the only 

available antiviral in HK. There is plan to stockpile 
other antivirals e.g. tecovirimat 

• Is vaccine available? 
• JYNNEOS  and ACAM2000 vaccines are FDA 

approved vaccines against smallpox +/- monkeypox 
• Both  are not available in HK at the moment 
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	•
	•
	•
	•
	Cidofovir
	is an intravenous antiviral medication for 
	treatment of cytomegalovirus (CMV) retinitis in 
	patients with AIDS and transplant recipients. Cidofovir 
	also demonstrates in vitro activity against a number of 
	DNA viruses including herpes viruses, adenoviruses, 
	polyomaviruses, papillomaviruses and poxvirus. 


	•
	•
	•
	CDC holds an EA
	-
	IND that allows for the use of 
	Cidofovir for the treatment of 
	orthopoxviruses
	(including monkeypox) in an outbreak
	. 


	•
	•
	•
	Cidofovir is registered in Hong Kong. 
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	Textbox
	Span
	•
	•
	•
	•
	Brincidofovir
	is an oral acyclic nucleoside phosphonate 
	that is converted intracellularly to
	cidofovir
	cidofovir
	Span

	; unlike 
	cidofovir, 
	brincidofovir
	is not concentrated in the renal 
	proximal tubules and is therefore not nephrotoxic. 


	•
	•
	•
	Brincidofovir was 
	approved in the US for treatment of 
	smallpox in adults and children including neonates in 
	June 2021


	•
	•
	•
	Dosing (adult): 200mg once weekly for 2 doses oral


	•
	•
	•
	Brincidofovir is not registered in Hong Kong
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	Clinical outcome of 3 patients 
	treated with brincidofovir in the 
	UK
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	•
	•
	•
	•
	Commenced approximately 7 days post onset of rash


	•
	•
	•
	Oral 200mg once a week x 3 doses


	•
	•
	•
	No consistent association 
	between doses of 
	brincidofovir
	and clinical or virological parameters, 
	although patient 2 and 3 demonstrated transient 
	reductions in URT viral load around the time of 
	second doses


	•
	•
	•
	All 3 patients had rise in ALT and did not complete full 
	course of treatment


	•
	•
	•
	All patients made a full recovery 
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	Vaccinia Immune Globulin Intravenous (VIGIV)


	•
	•
	•
	•
	•
	VIGIV is licensed by FDA for the treatment of complications due to 
	vaccinia vaccinations and severe vaccinia infections


	•
	•
	•
	CDC holds an EA
	-
	IND that allows the use of VIGIV for treatment of 
	orthopoxviruses
	(including monkeypox) in an outbreak


	•
	•
	•
	Not available in Hong Kong
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	•
	•
	•
	•
	•
	Currently there is no registered specific vaccine for 
	monkeypox available in Hong Kong


	•
	•
	•
	According to WHO, vaccination against smallpox was 
	demonstrated through several observational studies to 
	be about 
	85% effective 
	in preventing monkeypox. 


	•
	•
	•
	In US, Smallpox vaccine is not currently available to the 
	general public. In the event of another outbreak of 
	monkeypox in the U.S., CDC will establish guidelines 
	explaining who should be vaccinated
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	JYNNEOS
	-
	Smallpox and Monkeypox Vaccine


	Textbox
	Span
	•
	•
	•
	•
	Jynneos
	(also known as 
	Imvamune
	or 
	Imvanex
	) is a vaccine based on a modified 
	attenuated vaccinia virus (Ankara strain) approved for the 
	prevention of 
	monkeypox and smallpox by FDA


	•
	•
	•
	It is a live, non
	-
	replicating vaccine for adults 18 years of age and older; 
	administered in 
	two doses given four weeks apart


	•
	•
	•
	The effectiveness of 
	Jynneos
	for the prevention of monkeypox disease is inferred 
	from the antibody responses in the smallpox clinical study participants and from 
	studies in non
	-
	human primates that showed protection of animals vaccinated 
	with 
	Jynneos
	who were exposed to the monkeypox virus.


	•
	•
	•
	Most common side effects: pain, redness, swelling, itching, firmness at the 
	injection site, muscle pain, headache and fatigue.
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	ACAM2000
	-
	Live vaccinia vaccine
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	•
	•
	•
	•
	•
	ACAM2000
	contains a live vaccinia virus, which is licensed in the US for 
	immunization in people who are at least 18 years old and at high risk for 
	smallpox 
	infection
	.


	•
	•
	•
	Administered as a single dose


	•
	•
	•
	The vaccine does not contain variola virus and cannot cause smallpox. It 
	contains vaccinia virus, which belongs to the poxvirus family, 
	genus
	Orthopoxvirus
	. The vaccinia virus may cause rash, fever, and head and 
	body aches.
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	•
	•
	•
	•
	•
	Ring vaccination?
	Span


	•
	•
	•
	•
	Both vaccines may be used as post
	-
	exposure prophylaxis (PEP) if 
	necessary. 


	•
	•
	•
	The sooner an exposed person gets the vaccine, the better. US 
	CDC recommends that the vaccine be given within 4 days from the 
	date of exposure in order to prevent onset of the disease. 


	•
	•
	•
	If given between 4
	–
	14 days after the date of exposure, vaccination 
	may reduce the symptoms of disease, but may not prevent the 
	disease.



	•
	•
	•
	Healthcare personnel?
	Span


	•
	•
	•
	•
	2015 ACIP recommendation advise routine vaccination of 
	laboratory personnel who directly handle cultures of, or animals 
	infected with poxviruses
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	•
	•
	•
	•
	How should we recognize the symptoms and 
	signs of monkeypox?


	•
	•
	•
	•
	Vigilant about returned 
	travellers
	with viral 
	symptoms + rash + lymphadenopathy*



	•
	•
	•
	Is monkeypox a lethal disease?


	•
	•
	•
	•
	<3% for the West African clade, usually a self
	-
	limiting disease with supportive Rx. Watch out for 
	at risk cases e.g. immunocompromised, 
	paediatrics



	•
	•
	•
	Are there specific antiviral treatments?


	•
	•
	•
	•
	Limited clinical data. Currently cidofovir is the only 
	available antiviral in HK. There is plan to stockpile 
	other antivirals e.g. tecovirimat



	•
	•
	•
	Is vaccine available?


	•
	•
	•
	•
	JYNNEOS and ACAM2000 vaccines are FDA 
	approved vaccines against smallpox +/
	-
	monkeypox


	•
	•
	•
	Both are not available in HK at the moment
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