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LEARNING	OBJECTIVES	

	
Review	recent	changes	in	vaccines	used	for	travellers,	including	SARS-COV-2	vaccines	
	
Describe	changing	vaccine	environment	
	
The	par.cipants	should	gain	in	their	understanding	of	vaccine	use	in	travellers			
	
	



dailybrian.com	

Sources of Health Info Diversifying	

   	



•	Long	stay	travellers	(>30	days)	&	VFRs	at	increased	risk	
•	A#ack	rates	between	6.3-8.9%	have	been	reported	
•	In	2009,	~3%	of	travellers	exposed	to	pdmH1N1	fell	ill	
•	Travel	to	East	&	South	Asia	7x	greater	risk	of	influenza	
	
	

MIT	Mathema/cs	

Influenza	is		
the	Most	Common		
Vaccine-Preventable		
Disease	in	Travellers	



Seasonality Less Well-Defined in Non- 
Temperate Regions of the World 

Kamigaki	T,	et	al.	Seasonality	of	Influenza	and	Respiratory	Syncy/al	Viruses	and	the	Effect	of	Climate	Factors	in	Subtropical-Tropical	Asia	
Using	Influenza-Like	Illness	Surveillance	Data,	2010	-2012.	PLoS	One.	2016	Dec	21;11(12):e0167712.	

Circulation of Influenza in 3 regions of the Philippines (2010-12) 



Influenza Has Come Roaring  
Back Globally 

Southern hemisphere had severe 2022 season 
Northern hemisphere ! early and severe 2022-23 season 
Viral ecology: BYamagata strains appear to have disappeared 



>350,000 cases and 
>140,000 deaths in 2018 
>860,000 cases in 2019 

??? cases in 2020, 2021 ! 2022 

h#ps://www.cdc.gov/globalhealth/measles/data/global-measles-outbreaks.html	

!	

Measles	

61	million	doses	
Of	measles	vaccine	

‘missed’	during	COVID		



Increases	in	other	Vaccine-Preventable	
Diseases	can	be	An.cipated		

	

Impact of SARS-COV-2 on Other Vaccines 



What Price Will Be Paid Long-Term? 
 

Impact of SARS-COV-2 on Other Vaccines 

Short	term	impact	of	the	COVID-19	pandemic	on	incidence	of	vaccine	preventable	diseases	and	par/cipa/on	in	rou/ne	infant	
vaccina/ons	in	the	Netherlands	in	the	period	March-September	2020.	Middeldorp	M,	et	al.	Vaccine.	2021.	PMID:	33478793		



Meningococcus  

h#ps://www.meningi/s.ca/about-meningi/s/meningococcal-disease	

Currently	available	vaccines:		
•	Quadrivalent	conjugate	vaccine	(A,	C,	Y,	W135)	
•	Two	rela/vely	new	meningococcus	B	vaccines	



Two	MenB	Vaccines	Available	in	Canada	
Bexsero™ - factor H-binding protein (fHbp)  
  from the B sub-family, Neisseria NadA and  
  NHBA) and PorA 
 
Trumenba™ - bivalent vaccine targeting  
   human factor H binding proteins from A and B 
   families 
 
• These vaccines really hurt 
    - >70% have really sore arms 
    - predicted to be effective 
    - based on antibody levels 
    - rate 0.33/100,000 in Canada 

h#p://www.who.int/emergencies/diseases/	
meningi/s/meningi/s-c-epidemic-risk/en/	

Meningitis C 
now actively  
circulating in  

‘Meningitis Belt’	



Polio Viruses 

Type 3 and wild-type Type 2  
    largely eradicated 

Lancet	2019;	394:	148–58	

However, outbreaks of Vaccine-Derived Polio Virus 
continue due to reversion of oral polio vaccine  



h#ps://news.un.org/en/story/2022/02/1112612	



Rabies	Risk		
in	Travelers	

Pandey P et al. J Travel Med 2002:9;127	

• CIWEC Travel Clinic (Nepal)	
• 3 year, prospective study	
• 99 non-local patients with possible exposures	
	

Tourists 	1.9/1000 person years	
Expatriates 	5.7/1000 person years	
Trekkers 	1.2/1000 person years	
	

Women > men	
Younger more likely to be bitten on head/face	
Period between exposure and treatment 1.6-5 days	
Pre-immunized - 56% expatriates, 21% tourists	



CDC	Interac.ve	Website	
h#ps://www.cdc.gov/rabies/resources/countries-risk.html	



Yellow Fever	

h#p://www.sci-news.com/	

• 1/5th dose 
• 98% seroconversion 
• 66% sero-response  

N	Engl	J	Med.	2018	Feb	14.	doi:	10.1056/NEJMoa1710430.	



Hepa..s	Viruses	

h#ps://www.goodrx.com/health-topic/liver/causes-of-jaundice	



Brisson	M	et	al.	Sex	Transm	Infect.	1999;75:296-9	

Hepa22s	B	
Measures	of	Sexual	Ac2vity	by	Age	



Hepatitis A Exposure Highly Variable 	
• Many countries experiencing epidemiologic transitions	
• Dramatic impact on exposure to infectious diseases	
•	HepA	an/bodies	(Dehli)	in	50-60%	of	15-35	year	olds

	 	 	 		
	

San Cristobal, Lima, Peru	

img177.imageshack.us/ img177/7531/54147499ea9.jp	

www.dcdiocese.org/.../ MexicanFamily.JPG	

Mathur	P,	Arora	NK.	Epidemiological	transi/on	of	hepa//s	A	in	India:	issues	for	vaccina/on	in	developing	countries.	
Indian	J	Med	Res.	2008	Dec;128(6):699-704.	



Key	Concepts	in	Immunology	
The	immune	system	has	extensive	redundancy	and	responses	
to	infec/ous	agents	typically	involve	mul/ple	components		

Experiments of Nature	
   Innate 	 	 	                  Acquired	

Humoral	    	                       Cellular	
All organisms	
  • PMN	
      Skin flora	
      Yeast	
      Higher bacteria	
  • Complement	
      Encapsulated 	
       bacteria	
  • NK Cells	
      Herpesviridae 	
	

Enteroviridae	
Encapsulated bacteria	
  • S pneumoniae	
  • H influenzae	
  • N meningitidis	
Giardia lamblia	

Almost all viruses	
Intracellular bacteria	
  • mycobacteria	
  • rickettsia spp	
  • S typhi	
  • Listeria spp	
Many tissue protozoa	
  • malaria spp	
  • leishmania spp	
  • Toxoplasma gondii	

Hepa//s		A	is	one	
	of	the	‘numbered		
Enteroviruses’	



Disease-Modifying	Therapies	&	Vaccines	
In	An	Ideal	World	…	

Try	to	give	all	relevant	vaccines	before	star/ng	any	Disease	Modifying	Therapy	(DMT)	
	
If	this	is	not	possible:	
		•	try	to	give	all	single-dose	vaccines	&	boosters	at	least	1	month	before	star/ng	DMT	
		•	try	to	give	first	dose	of	vaccine	(in	a	series)	≥1	month	prior	to	star/ng	DMT	
	
If	this	is	not	possible	(ie:	already	taking	a	DMT	or	in	the	process	of	switching	DMTs)	
		•	consider	delay	of	vaccina/on	to	nadir	of	effect	(ie:	>	3	months	post-an/-CD20)	
		•	consider	stopping	on-going	DMT	to	permit	degree	of	immune	recons/tu/on	
		•	consider	DMT	‘holiday’	between	DMTs	to	allow	some	degree	of	recons/tu/on		
	
If	this	is	not	possible	(ie:	MS	is	aggressive/unstable)	
		•	give	the	vaccines	anyways	(NOT	live	a#enuated	viruses)	
		•	for	cri/cal	vaccines	–	verify	response	if	correlate	of	protec/on	known	
							-	rabies	vaccine	for	someone	working	as	veterinarian	or	with	bats	
							-	hepa//s	B	vaccine	for	sex	workers,	IVDU	or	someone	working	with	needles	
							-	consider	modified	schedules	to	achieve	response	in	those	s/ll	‘nega/ve’		



Dosing	Schedules	for	an.-CD20	Therapies	

Ofatumumab	(Kesimpta™)		

Ocrelizumab	(Ocrevus™)		

Rituximab	(Rituxan™)	-	I	

Rituximab	(Rituxan™)	–	II	
		

(±				)	

(±				)	

Dosing	Schedules	for	some	Vaccines	

Live	A#enuated		
(MMR,	Yellow	Fever)	
Adult	booster		
(dTaP,	IPV)	

Hepa//s	B	

VZV	(shingles)	

Pneumococcus	(PCV	!	PSV)	

SARS-COV-2	(mRNA,	Protein)	
(±					??)	



Live Vaccines �
and Potential for Spread in Families 	

Smallpox	(Vaccinia)	
Measles	
Mumps	
Rubella	
Varicella	
Oral	Poliovirus	
Rotavirus	
Nasal	influenza	
Yellow	fever	
Japanese	encephali/s	(Chinese)	
BCG	
Oral	Typhoid	

+++	
(?)	
(?)	
(?)	
+	
+++	
+	
+	
(?)	
(?)	
+++	
(?)	



�
Elderly	Travellers	Increasing	

tctour.com	

flyingcompanions.com.au	



Age-related	Declines	in	Efficacy	for	
Hepa..s	Vaccines	

Sjogren MH, AJM 2005;118:34S-39S   Fisman D, et al Clin Inf Dis 2002;35:1368-75  

Meydani, et al. JAMA 1997; 277:1380-86 Wolters, et al. Vaccine 2003;21:3623-28 



Direct to Customer Marketing 

    

Dukoral	

www.travellersdiarrhea.com	

™	
behance.net	

Twinrix	™	





Incidence	of	ETEC	Diarrhea		
in	Travellers	

	
TABLE 2	
Summary pathogen prevalence and diarrhea incidence among US military and similar populations by region and overall	
Geographic region	

	 	 	Sub-Saharan 	Latin American 	Middle East 	Southeast 	Summary estimate)	
	 	 	    Africa* 	 and Caribbean 	    N. Africa 	     Asia 	         (99% CI)	

	
Pathogen prevalence (%)/number of studies 	n = 2 	n = 7 	n = 13 	n = 12 		
    ETEC	 	 	16, 17 	29.1 	28.3 	13.3 	22.2 (16.9–27.5)	
    EAEC 	 	 	4 	6.0 	16.8 	12.4 	13.3 (7.7–18.9)	
    Campylobacter	 	 	0, 2 	2.6 	1.2 	23.9 	9.9 (5.4–14.5)	
    Norovirus 	 	 	13 	9.0 	7.1 	9.2 	8.4 (4.0–12.8)	
    Shigella 	 	 	9, 33 	6.2 	7.1 	3.8 	6.6 (3.4–9.7)	
    Salmonella 	 	 	1, 9 	3.0 	1.4 	11.1 	5.0 (3.1–6.9)	
    Rotavirus 	 	 	1, 36 	5.6 	1.5 	3.4 	3.9 (1.6–6.2)	
    Multiple pathogens 	 	4, 13 	7.0 	9.3 	15.9 	11.2 (7.4–15.1)	
    No pathogens identif. 	 	48, 50 	52.9 	46.3 	40.2 	45.6 (38.6–52.5)	
	
Incidence (95% CI)/number of studies 	n = 2 	n = 5 	n = 13 	n = 12 		
    Active surveillance 	 	– 	29.9 (6.7–53.1) 	24.3 (7.3–41.2) 	37.3 (18.7–55.8) 	28.9 (16.2–41.5)	
    Passive surveillance 	 	3.0, 8.0 	10.8 (2.5–19.1) 	5.3 (3.6–7.1) 	6.2 (4.7–7.8) 	6.2 (4.9–7.4)	
* Pathogen prevalence (if tested) and incidence for each of two studies reported (unpooled).	
 Cohort study and self-report surveys.	
report s	

Incidence, etiology, and impact of diarrhea among long-term travelers 	
(US military and similar populations): a systematic review.	
Riddle MS et al. Am J Trop Med Hyg 2006;74:891.	



Dukoral 	
Good Cholera Vaccine	
Underwhelming for Travel Diarrhea 	
   	

www.travellersdiarrhea.com	

Vaccination with Dukoral against travelers' diarrhea (ETEC) and cholera.	
Jelinek T, Kollaritsch H. Expert Rev Vaccines. 2008;7:561.	

Safe	vaccine	
Available	orally		
Up	to	60-70%	efficacy1	vs	ETEC	
Most	effec/ve	vs	‘severe’	ETEC	
	

Benefits	
ETEC	incidence	in	TD	~22%	
~10%	of	TD	severe		
Protec/on	lasts	for	3	months	
Need	2	doses	(1	week	apart)	

Costs/Risks	

(30%	get	TD)	•	(20%	incidence)	•	(70%	efficacy)	=	4%	



 
Typhoid & H�AV+Typhoid 

Typhoid: Two vaccines availaable 
 
 

 
 
 
 
HAV+ Typhoid    

 • Live oral (Ty21a) and inactivated (Vi) 
 • Equally effective (ineffective) 
 • Start at ~70% efficacy and declines (<50% at 4 yrs) 
 • Particularly stupid food choices can overwhelm 
 • Probably use too much of this vaccine 
 • Use for long-term, low-budget & VFR travel  
 
 
 

 • Make certain that both vaccines indicated  
 • Often not available 

Das A etal. Eur J Epidemiol 2000;16:507 



Turning	Tides	…	
The	‘Shoe’	is	Increasingly	on	the	Other	Foot		

Good	vaccines	now	being	produced	that	we		
(in	wealthy	countries)	don’t	have	easy	access	to	…	

Bo Crawford - WordPress.com 



Several	Travel	Vaccines	Now		
Available	in	Other	Countries	but	NOT	Canada	

China	
A#enuated	JE	Vaccine	
Enterovirus	71	Vaccine	

Australia	
Chimeric	JE	Vaccine	

Globally	
Hemisphere-specific	flu	Vaccines	

Dengue	&	Malaria	Vaccines	
			Dengvaxia	licensed	in	many	countries	since	2016	
			Takeda’s	vaccine		



Malaria	Vaccines		

Ruth	Nussenzweig	
		•	irradiated	sporozoites	

 Protective immunity produced by the injection of x-irradiated  
 sporozoites of plasmodium berghei. Nussenzweig RS et al. 
 Nature. 1967 Oct 14;216(5111):160-2.  

	

h#p://www.sanaria.com/	

Stephen	Hoffman/Ripley	Ballou	
Immunity	to	malaria	and	naturally	acquired	
an/bodies	to	the	circumsporozoite	protein	of	
Plasmodium	falciparum.	Hoffman	SL,	…	Ballou	WR	et	
al.	N	Engl	J	Med.	1986	Sep	4;315(10):601-6.	

	Grow	sporozoites	(Sanaria)	

RTS-S(GSK)	



World’s	First	Malaria	Vaccine	…	
RTS,S/AS01	(RTS,S):	Mosquirix™	from	GSK	

•	Modest	efficacy		
•	30%	reduc/on	in	severe	cases	
•	Needs	4	doses	in	young	children	to		
			achieve	this	level	of	protec/on	



The	2nd	Malaria	Vaccine	May	be	Much	Beber	
R21+Matrix	M	

•	Children	5-17	months	of	age	in	Burkina	Faso	received	3	doses	
•	Overall	~78%	efficacy	in	12	month	follow-up	

Lancet	Infect	Dis	2022;	22:	1728–36	



EV71 & Vaccines 
• Major cause: HFMD in Asia/SE Asia 
 

• Causes a range neurologic disease  
  including aseptic meningitis,  
  encephalitis and polio-like syndrome  

        HFMD Cases Deaths 
 

2014           2,820,000      508 
2015           1,610,000      118 

 

Teoh H-L etal. Clinical Characteristics and functional motor outcomes of EV71 neurolgic disease in children. JAMA Neurol 2016;73:300-07 
Zhou	Y,	Li	JX,	Jin	PF,	Wang	YX,	Zhu	FC.	Enterovirus	71:	a	whole	virion	inac/vated	enterovirus	71	vaccine.	Expert	Rev	Vaccines.	2016	Jul;15(7):803-13.	
 

• Vaccines developed by Sinovac, Beijing Vigoo and the  
   Kumming Institute based on C4 virus (97-99.7% na homology) 
 

•  Formalin Rx, whole virion + alum (90%/80% VE HFMD/paralysis) 
 

• Three Phase III trials (2 doses 4 weeks apart in kids 6 – 36 months) 



Japanese	
Encephali.s	
	Vaccines	

Quality:	Pre-Qualified	status	in	2013/2014	
	

Safety:	Good	–	in	general		
	

Access:	Currently	only	by	seeking	out		
			vaccine	in	des/na/on	country	

h#ps://wwwnc.cdc.gov/travel/diseases/japanese-encephali/s	



Protec.on	if	Vaccinated	on	Arrival?	
EV71	
Probably	not	–	need	2	doses	
?	some	protec/on	a|er	1st	dose	

Japanese	Encephali.s	
Almost	certainly	–	only	1	dose	needed	
Modified	disease	possible	
Risk	primarily	rural	

Influenza	
Some	protec/on	likely	at	1	week	
Best	protec/on	at	2	weeks	



Large	Tourist	Hotels	
Grand	Hotel,	Xuyen	Moc	District,	
	Ba	Ria-Vung	Tau	Province	-	Vietnam	

Where	to	Access	These	Vaccines?	

Embassies	&	Consulates	
Typically	have	a	list	of	clinics	and		
hospitals	with	‘expanded’	services		

IAMAT,	Travax	and	other	Interna.onal	Service	Providers	
List	of	local	medical	advisors	&	service	providers	



•	Absence	of	global	leadership	
•	Parochial/Na/onalis/c	funding	decisions	
•	Dithering	&	overlapping	objec/ves	

2014-2015 Ebola Response was a Mess 

(Global Collaboration for Infectious  
Diseases Research) 



Prioritization 
Efforts 

Emerging Infections with Pandemic Potential 

          Rules 
Exclude HIV, TB, Malaria 
Exclude influenza, Dengue 

Chikungunya 

CCHF 
Congo Crimean  

Hemorrhagic Fever 

Ebola 

Lassa 

Marburg 

Zika Nipah 

SARS 

Rift Valley Fever 

MERS 
SFTS 

Severe Fever with  
Thrombocytopenia Syndrome 

Zika 

Chikungunya 

Nipah Ebola 

Lassa 

CCHF 
Congo Crimean  

Hemorrhagic Fever 

SARS 

Rift Valley Fever 

MERS 
SFTS 

Severe Fever with  
Thrombocytopenia Syndrome 

Marburg 



What’s Next? 
More malaria vaccines 
More dengue Vaccines 

CEPI	Targets	
		•	Ebola	
		•	MERS	
		•	Zika/Chikungunya	
Parasite	Vaccines	
		•	Hookworm,	Schistosoma	mansoni,	giardiasis		



SARS-COV-2 & Travel 
•	it’s	actually	SARS-COV-2	that	‘travels’	
•	recommenda/ons	for	‘travel’	the	same	
				as	for	those	staying	at	home	
	•	main	concern	!	restricted	movement	



SARS-COV-2 & Travel 

Hard	to	control	exposures	while	travelling	
Anadolu	Agency	|	Anadolu	Agency	|	Ge#y	Images	



The Hajj 

• Religious obligation 
• 1.8 million (2001) 
    - 63% Arab countries 
    - 30% non-Arab Asia 
    - 5% other African 
    - 2% other 
• Al Haram - 356,000 sq meters - 1 million pilgrims 
• Madinah - 165,000 sq meters - 750,000 pilgrims 
• Meningococcal epidemics (carriage as high as 80%) 
• 2000        Spread of W135 serotype around globe 
 Memish ZA, Ahmed QAA. J Travel Med 2002;9:202 



Geography	of	Variants	(Nov	2022)	
	



Blossoming	of	Variants	
NextStrain	Data	

	

h#ps://nextstrain.org/ncov/gisaid/global/6m	



CDC	Data	for	Cases/Deaths	
(Nov	9,	2022)		

h#ps://www.cdc.gov/coronavirus/2019-ncov/science/data-review/risk.html	

Delta	Omicron	Waves	



Get	a	Booster?	

	
•	CDC	!	get	up-dated	bivalent	booster	if	>2	months		
				since	last	dose	
	

•	Canada	!	all	people	≥12	years	should	get	a	booster		
				and	bivalent	preferred	
	

•	ECDC/EMA	!	people	at	risk	should	have	2nd	booster	
				this	autumn	
	

Get	the	‘best	booster	available’	3	months	
a|er	recovering	from	COVID-19	



Boosters	Administered?	

h#ps://ourworldindata.org/grapher/cumula/ve-covid-vaccine-booster-doses?country	



h#ps://www.tokresource.org//p-of-the-iceberg	Khoury	et	al:	MedRxiv	2022;		h#ps://doi.org/10.1101/2022.08.25.22279237	

Advantage	of	a	Variant	Booster?	
•	Fold-increase	in	NAb	
			with	an	mRNA	boost	
			~10x	pre-boost	.tre	
	

•	Fold-increase	in	NAb		
			(variant/ancestral)	with	
			ancestral-	versus	varinat-	
			based	vaccine	
	

•	Fold-increase:	matched		
			vs.	not-matched	booster		

•	X-axis:	pre-boost	level	of		
			protec.on		
•	Y	axis:	post-boost	level	
				of	protec.on	vs.	‘any’	or	
				severe	disease		
	



The	Vaccines	
Themselves	

h#ps://covid19.trackvaccines.org/vaccines/	



An.body	&	T	Cell	Responses	in	MS	Pa.ents	Taking		
Ofatumumab:	Primary	and	Booster	Vaccina.on	

Data	from	Kyrios	Trial:	Novar/s	ECTRIMS	Poster	2022	

T-cell response	 Neutralizing antibodies	 Anti-spike antibodies 

Boosted before 6mo visit 
COVID-19 infection before 6mo visit 

Before first ofatumumab 
During stable ofatumumab  

Cohort	2	
Vaccina/on	

during	
ofatumumab	

Cohort	2	
Vaccina/on	

during	
ofatumumab	

Cohort	1		
Vaccina/on	
before	

ofatumumab	

Cohort	2	
	Vaccina/on	

during	
ofatumumab	

Cohort	1		
Vaccina/on	
before	

ofatumumab	

Cohort	1	
Vaccina/on	
before	

ofatumumab	

Primary	Series		

Booster		
Vaccina.on	



There are still 
many concerns 
but I’m still an  
optimist … 
Vaccines are Good 
 
h#ps://blog.virtuoso.com//ps-and-trends/9-key-details-revealed-re/rees-and-travel/	

Travel  Vaccines Will NOT Become Less Complicated 

Questions or  
    Comments? 



Case	#1	

A 52 year old businesswoman wil  be travelling to Peru for	
an 8-day trip. The WHO website indicates that Peru is 	
endemic for yellow fever, malaria, typhoid and many other 	
infections. She will stay at a 5-star hotel in Lima and will 	
eat almost exclusively in the hotel restaurant and in high-	
quality restaurants in Lima. 	
	
What are your principal concerns?	
Would you recommend malaria prophylaxis, yellow fever	
   vaccination, typhoid vaccination, etc?	
  	



Case	#2	
A school group is going to India (Delhi, Akra and Jaipur) 
to volunteer in a girls-only orphanage/school. They will 
do some minor tourist activities but will spend most of 
the time with the girls in and around the orphanage in 
the rural outskirts of Akra. They will be in India for 
almost 3 months.	
	
What are your principal concerns?	
What do you recommend?	
  	



Case	#3	
A geography PhD student is planning to travel to 	
   rural Panama to collect data for their thesis that focuses	
   on health risks associated with inner city poverty. They	
   be exposed to urban garbage, raw sewage, local residents	
   (who will almost certainly invite them to share food) and	
   urban aniamls (ie: digs, cats, rats, other). They plan to	
   spend 6 months in country. Their parents are/were 	
   borderline anti-vaccination and they have no vaccine 	
   record.	
	
What are your principal concerns?	
What do you recommend?	
  	



Case	#4	
A couple (65 year old man, 63 year old woman) is  	
  planning a cruise in the Caribbean. They will first travel	
  to the Dominican republic and stay in a modest beach	
  resort for 1 week before boarding the cruise-ship. The 	
  cruise will visit 7 different islands over a 14-day period.	
  Most of their time will be spent on the boat and 	
  participating in cruise-organized visits to local sites and 	
  restaurants. They ar ein good health and take no 	
  medicatinos.	
	
What are your principal concerns?	
What do you recommend?	
  	


