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Solutions in vaccinology in the last-minute traveller

- Differentiate risk and impact of diseases
- Combining antigens in prefilled vaccines
- Off-label vaccine dosing: accelerated - intradermal

Rabies studies in BE Defense
Conclusion 

Introduction



Advising the last-minute traveller is challenging

‘one day - one week to several weeks before travel’

Background

Zuckerman Travel Med Infect Dis 2003.



Advising the last-minute traveller is challenging

‘one day - one week to several weeks before travel’

> General health counselling
> Malaria advice
> Required vaccinations

> Pre-existing medical conditions?
> Extended stay? 
> Multiple continents?

Background

Rosselot Yellow Book CDC 2016



Required vaccinations in the last-minute traveller

> routine primary vaccinations 
> travel vaccinations in the past?

Related to the itenary and time spent in high risk areas

Background

Hampson et



Single visit: primary and booster vaccinations

• Yellow fever (>)10 years?
• Tetanos-Diphteria-Pertussis-Polio 10 years
• Measles-Rubella-Mumps 2 injections
• Hepatitis A 2 injections
• Typhoid fever 3 years
• Meningitis ACWY 5 years
• Influenza 1 year

Background



More than one visit: primary vaccinations and boosters

• Hepatitis B or AB (d0 > m1 > m4-6) (d0 > m1 > m2 > m12)

• Tick Borne Enceph. (d0 > m1-3 > m9-12 > y3 > y5)
• Japanese Enceph. (d0 > d28 > y1-2)
• Rabies (d0 > d7 > d21-28)

Background



Single visit consultation:

Start vaccination also when there is no enough time?
• MMR together with Yellow Fever?
• Hepatitis B - Rabies - TBE - JE?

Maximum 4 vaccine shots
• Tetanos - Diptheria - Pertussis - Polio - Measles - Rubella - Mumps - Hepatitis A -

Meningitis - Typhoid fever - Influenza - Yellow fever
• Hepatitis B - Japanese Encephalitis - Rabies - Tick borne encephalitis

Background

.

Plotkin - Vaccines, 5th Edition



Balancing adverse reactions of vaccinations versus 
preventing infection:

Solutions in vaccinology



Differentiate risk and impact of diseases

Travellers risk: incidences: ‘Steffen tree’

Solutions in Vaccinology

Keystone J: Am J Med 2005.



Differentiate risk and impact of diseases

Travellers risk: incidences: ‘Steffen tree’

Solutions in Vaccinology

.Steffen: J Travel Med 2015

VACCINATION
ESSENTIAL



Differentiate risk and impact of diseases

Solutions in Vaccinology

.R.Michel. Travel Med and Infectious diseases 2014



Differentiate risk and impact of diseases

Solutions in Vaccinology

.Steffen. J Travel Med 2005
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per 100.000
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Differentiate cumulative risk versus single trip 

Solutions in Vaccinology

.



Combining antigens in prefilled vaccines
‐ Tetanos‐Diphteria‐Pertussis‐Polio
‐ Hepatitis A‐Typhoid fever
- …

Solutions in Vaccinology

.

Future? One shot combination vaccines?
- Yellow fever-HepatitisA(B)-Typhoid fever-Tetanos-Diphteria-Polio
- Yellow-fever-HepatitisA(B)-Typhoid fever-Tetanos-Diphteria-Polio-Meningitis-Rabies
- HepA(B)-Typhoid fever-Tetanos-Diphteria-Polio-Rabies-Japanese encephalitis



Single visit consultation: More shots at once
Maximum 4 IM/SC vaccination shots: 2 x 2 M deltoideus
Additional 2 ID vaccination shots: 2 fore-arms 
Additional 2 ID upper-arms or other regions (M. Trapezius) 

Solutions in Vaccinology

.



Off-label vaccine dosing: intradermal injection (ID)

• Large clinical trials - studies: Influenza ID - Rabies ID

Solutions in Vaccinology

.



Off-label vaccine dosing: intradermal injection (ID)

• Large clinical trials - studies: Influenza ID - Rabies ID

Solutions in Vaccinology

.

Rabies 21-28 day ID schedules
Three visits

3x 0,1ml ID
d0-d7-d21-d28

N Antibody response
RFFIT = golden 

standard

Mills et al. JTM 2012 HDCV 420 94,5% ELISA day 28 Case series

Lau et al. TM&ID 2013 PCECV 54 94,5% ELISA day 28 Case series

Soentjens unpublished 2008-
2015
Abstract CISTM 2015

HDCV-
PCECV

498 82% RFFIT Delay in serology 
testing 

Mean = 405 days 



Off-label vaccine dosing: intradermal injection (ID)

• Large clinical trials - studies: Influenza ID - Rabies ID

Solutions in Vaccinology

.

Interesting pathway

PrEP
2 x 0,1 ml ID One visit

PEP
4 x 0,1 ml ID One visit



Off-label vaccine dosing: intradermal injection (ID)

• Small pilot studies: Yellow fever ID - Hepatitis B ID - Meningitis ID

Solutions in Vaccinology

.

17D YF Neutralizing
Ab
> 80%

Side effects

Local
Erythema

Local
Muscle pain

Systemic
mylagia

Fever

N= 77 0,5 ml 
SC

100 % 25 (32%) 15 (19%) 27 (22%) 8 (10%)

N= 78 0,1 ml ID 100 % 63 (82%) 6 (8%) 12 (16%) 4 (5%)



Off-label vaccine dosing: intradermal injection (ID)

• Small pilot studies: Yellow fever ID - Hepatitis B ID - Meningitis ID

Solutions in Vaccinology

.

Non-responders Hep B vaccine IM
Engerix 20 µg 1 ml
after 2 series of three injections
2x (d0-1m-6m) IM

Fendrix B 
20 µg 0,5 ml
(d0-1m-6m)

HepsAB
> 10 IU/ml

1 month after third ID injection

N= 21 5µg
0,125 ml ID

70 % response



Off-label vaccine dosing: intradermal injection (ID)

• Small pilot studies: Yellow fever ID - Hepatitis B ID - Meningitis ID

Solutions in Vaccinology

.

Nimenrix/Menveo AB

N= 7 ID 100 % response

Jonker, Visser t al.
CISTM 2015.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Hepatitis A-B IM

(d0 > m1 > m4-6) IM d0 - d7 - d21 - d365

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Hepatitis A-B IM

(d0 > m1 > m4-6) IM d0 - d7 - d21 - d365

Solutions in Vaccinology

N= 479N= 479
Control
N= 239
N= 240



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Hepatitis A-B IM
(d0 > m1 > m4-6) IM d0 - d7 - d14 - check Hep BsAb

Solutions in Vaccinology

.

BE Defense N Antibodies Hep BsAB
after 2-3 m

Engerix D0-7-14 38 94%
Twinrix D0-7-14 85 96%

Soentjens Unpublished data



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Rabies IM Rabipur IM
(IM/ID d0 > d7 > d21-28) IM d0 - 3 - 7 

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Rabies IM Rabipur IM
(IM/ID d0 > d7 > d21-28) IM d0 - 3 - 7 

Solutions in Vaccinology

.

Randomized 
Clinical trial

Classic Schedule
Rabies and JE 
(+ JE Ixiaro 28 day)

Classic
Schedule
Rabies only

Accelerated Schedule
(+ JE Ixiaro 7 day)

N 167 221 217
Rabies Vaccine 1 ml PCECV 1 ml PCECV 1 ml PCECV

Dose 1 ml IM 1 ml IM 1 ml IM

Primary
Schedule

D0   1x 1 ml
D7   1x 1 ml 
D28 1x 1 ml

D0   1x 1 ml
D7   1x 1 ml 
D28 1x 1 ml

D0 1x 1 ml
D3 1x 1 ml
D7 1x 1 ml

RFFIT D35 D35 D35



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Rabies IM Rabipur IM
(IM/ID d0 > d7 > d21-28) IM d0 - 3 - 7 

Solutions in Vaccinology

.
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Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Rabies IM Rabipur IM
(IM/ID d0 > d7 > d21-28) IM d0 - 3 - 7 
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Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Rabies IM Rabipur IM
(IM/ID d0 > d7 > d21-28) IM d0 - 3 - 7 

Solutions in Vaccinology

.

Randomized 
Clinical trial

Classic Schedule 
(+ JE Ixiaro 28 day)

Classic
Schedule 

Accelerated Schedule
(+ JE Ixiaro 7 day)

N 167 221 217
Rabies Vaccine 1 ml PCECV d0,7,28 IM 1 ml PCECV IM 1 ml PCECV d0,3,7 IM

RFFIT day 35 203/204 99% 203/206 99%

GMC day 35 11 (N= 157) 9,9 (N= 204) ?

Side effects Systemic 60‐66%
Local 73‐75%



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Japanese encephalitis Ixiaro IM
Ixiaro (d0 > d28 > y1-2)  IM d0 - d7

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Japanese encephalitis Ixiaro IM
Ixiaro (d0 > d28 > y1-2)  IM d0 - d7

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Japanese encephalitis
• Ixiaro d0 - d7

Available only in Asia
• CDJ Vax® 
Live-attenuated d0 - d365
China Booster after one year 

• IMOJEV MD®
Chimeric - Live attenuated d0
Sanofi Pasteur
No booster 
55 dollar (Cambodja) - 47 dollar (Thailand) (personal communications)

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Tick Borne Encephalitis
(d0 > m1‐3 > m9‐12 > y3 > y5) d0 > d7 > d21

d0 > d14 > d365

Solutions in Vaccinology

.



Off-label vaccine dosing: accelerated schedules

Faster vaccine schedules: Tick Borne Encephalitis
(d0 > m1‐3 > m9‐12 > y3 > y5) d0 > d7 > d21

d0 > d14 > d365

Solutions in Vaccinology

.

Encepur
Vaccine

Schedule N AB
Day 21

N AB
Day 42

Group R
N= 66

D0-7-21 95% 100%

Group C
N= 66

D0-28-300 76% 100%

Group M
N= 133

D0-21-300 83% 98,5%

Group A
N= 133

D0-14-300 99% 100%



Rabies intradermal vaccinations
in BE Defense

Simplifying Rabies PrEP schedules in BE troops 

Different Intradermal Rabies Pre-exposure Schedules
N = 9205 started rabies vaccination since 2008

N = 881 4ID retrospectif

N = 489 3ID retrospectif

N = 250 3ID prospectif

N = 250 2ID prospectif

N = 330 1ID prospectif



Simplifying PrEP

Rabies pre‐exposure prophylaxis (PrEP) 
365 day intradermal schedule (4ID) in BE troops

D0 D7 D28 D365N= 881 Neutralizing
antibodies

Day +7 (372)

RFFIT > 0,5 IU/ml 
(WHO)

881 (100%)

RFFIT > 3,0 IU/ml 851 (96,6%)

Delay in serology testing 

mean = 145 days (SD 6,3 / range 7 – 1603)

RFFIT Rapid Fluorescent Focus Inhibition Test 

P Geeraerts, P Soentjens. ICID, Cape Town, April 2014.



Simplifying PrEP

Rabies pre‐exposure prophylaxis (PrEP) 
28 day intradermal schedule (3ID) in BE troops

N= 489 Neutralizing
antibodies

Day +7 (372)

RFFIT > 0,5 IU/ml 
(WHO)

400 (82%)

RFFIT > 3,0 IU/ml 171 (35%)

RFFIT < 0,5 IU/ml 89 (18%)

Delay in serology testing 

Mean = 405 days  

RFFIT Rapid Fluorescent Focus Inhibition Test 

D0 D7 D28

Soentjens et al. CISTM, Quebec, May 2015.



Simplifying PrEP
Rabies pre‐exposure prophylaxis (PrEP) 
‘Boostability’

RFFIT > 0,5 IU/ml

PrEP X? PEP Y?RISK



Simplifying PrEP
Rabies pre‐exposure prophylaxis (PrEP) 
28 day intradermal schedule (3ID) in BE troops
+ 1 booster

D0 D7 D28 boosterN= 43/89 Neutralizing
antibodies

Day +7 

RFFIT > 0,5 IU/ml 
(WHO)

43 (100%)

RFFIT Rapid Fluorescent Focus Inhibition Test 

Soentjens et al. CISTM, Quebec, May 2015.



Simplifying PrEP
Rabies pre‐exposure prophylaxis (PrEP) 
7 day intradermal schedule (2ID)

Non‐inferiority trial (EUDRACT 2011‐001612‐62)

D0 D7N= 250 D365 ‐
1097

D365 ‐
1097

Day 35

Day 35N= 250 + Day 7

+ Day 7

Pre‐exposure prophylaxis ‘Simulated’ 1 injection
post‐exposure prophylaxis

Neutralizing
antibodies

Day 35

RFFIT > 0,5 IU/ml 
WHO

241/241 
(100%)

RFFIT > 3,0 IU/ml 236 (98%)

Neutralizing
antibodies

Day 35

RFFIT > 0,5 IU/ml 
WHO

241/241 
(100%)

RFFIT > 3,0 IU/ml 238 (99%)

Soentjens et al. NECTM, Bergen, June 2014.



• Primary objective 2ID

Simplifying PrEP
Randomized 
Clinical trial

Classic
Schedule 

Accelerated
Schedule

Vaccine 1 ml HDCV  1 ml HDCV 

Dose 0,1 ml ID 0,1 ml ID

Primary
Schedule

D0   1x 0,1 ml
D7   1x 0,1 ml 
D28 1x 0,1 ml

D0 2x 0,1 ml
D7 2x 0,1 ml

RFFIT D35 D35

Booster D365 ‐ D1097
1 x 0,1 ml ID

D365 ‐ D1097
1 x 0,1 ml ID

Total dose 0,4 ml ID 0,5 ml ID

RFFIT 
after booster

D365‐D1097
D(365‐1097) +7

D365‐D1097
D(365‐1097) +7

HDCV human diploid cell vaccine; ID intradermal; D day; RFFIT: Rapid Fluorescent Focus Inhibition Test
End of study foreseen in Nov 2015

407/482 (84%) subjects completed
the study protocol by April 2015 



Off-label vaccine dosing: accelerated schedules

Comparing accelerated Rabies Schedules
7 day ID versus 7 day IM

.

Randomized 
Clinical trial

Accelerated
Schedule
HDCV ID

Non-commercial

Accelerated Schedule
Rabipur IM

PCECV
Commercial

N 250 217
Median age 28 years 36,8 years
Gender 96,8% male 41% male
Rabies
Vaccine

2 x 0,1 ml HDCV d d0
d0 - d7 ID

1 ml PCECV 
d0 - d3 - d7 IM

RFFIT day 35 241/241 100% 203/206 99%
GMC day 35 15,4 ? (< 9,9)

Side effects
Local

48% 73-75%

Side effects
Systemic

9% 60-66%



Rabies risks in soldiers:
‘Be prepared before risk’

Warrel et al. Travel Med and Infectious Diseases 2012

Pre-exposure 
prophylaxis (PrEP)

Intramuscular route 
(IM)

Intradermal route
(ID)

Example German troops Belgian troops
Schedule Day 0, 7, (21) 28, 

every 5 years
Day 0, 7, (21) 28

One dose 1,0 ml 0,1 ml
Total dose 3,0 ml 0,3 ml cohorted

Technique IM ID  (teaching)
Short Immune response Very good > 95% (ID > IM)

Long-term immune response Good - Boostable
Very responsive in days after 1 booster injection

Shorter schedules 1 commercial RCT multiple reports - 2 
RCTs

Side effects Systemic reactions Local irritation

Immunological control Not done Preferably

Administration (HDCV – PCVC) Registered Off-label



‘Pittfals of ID schedules’
Pittfalls Intradermal route (ID)

Vaccine HDCV (Sanofi Mérieux)
PCECV (Rabipur – Rabivert)
PVCV VeroRab

Cold Chain Safety

Antigen potency (> 2,5 IU/ml)
Batch variability (2,5 - 13,8 - …)

ID Technique Method Trained personnel

Injection site: Forearm

Volume: 0,12 ml

RFFIT test Lab accreditation report
evaluation

Transport method

Host > 70 years
Toddlers and infants
Immunodeficiency



RABIES ONEDAY STUDY: 
• Non-commercial study 

registered at EUDRACT 2014-00183612,
sponsored by the ITM in Antwerp; ethical approval.

• Clinical trial with a low initial priming dose and comparing 
two different PEP vaccination schedules after one year

Objective Rabies OneDay



• Study Procedure

Methods

PCEV Purified Chicken Embryo cell vaccine; ID intradermal; D day; RFFIT: Rapid Fluorescent Focus Inhibition Test

Randomized 
Clinical trial

Schedule
PEP low dose

Schedule
PEP

Vaccine 1 ml PCEV (Rabipur® Novartis)

Dose 0,1 ml ID

Primary
Schedule

D0 2x 0,1 ml

RFFIT D14

PEP booster D365 
2 x 0,1 ml ID

D365
4 x 0,1 ml ID

Total dose 0,4 ml ID 0,6 ml ID

RFFIT 
after booster

D372 D372



Rabies ONEDAY
Rabies pre‐exposure prophylaxis (PrEP) 
1 day intradermal schedule (1ID)

Clinical trial Rabipur® (PCEV) (EUDRACT 2014‐00183612)

N= 330 Day 14

+ Day 7

+ Day 7

Pre‐exposure prophylaxis ‘Simulated’
post‐exposure prophylaxis

D365

D365



• In total 238 of 330 subjects were included
till end of March 2015

• Approximately +- 35% informed subjects not willing to 
participate

Results: Demographics

Demographics N = 238 

Age distribution Median:           28 years
Range:        20-54 years

Gender Male:                   92,5 %
Female:                7,5 % 



Simplifying PrEP
Rabies pre‐exposure prophylaxis (PrEP) 
1 day intradermal schedule (1ID)

Clinical trial (EUDRACT 2014‐0018361)

N= 330 Day 14

+ Day 7

+ Day 7

Pre‐exposure prophylaxis ‘Simulated’
post‐exposure prophylaxis

Neutralizing
antibodies

Day 14

RFFIT > 0,5 IU/ml 
WHO

169/208 
(81,25%)

RFFIT > 3,0 IU/ml 34/208 
(16%)

D365

D365

Soentjens et al. CISTM, Quebec, May 2015.



Simplifying PrEP
Rabies pre‐exposure prophylaxis (PrEP) 
‘Boostability’

PrEP PEP

RFFIT > 0,5 IU/ml

PrEP X? PEP Y?
RISK



• Primary objective 1ID

53

Simplifying PrEP: Rabies ONEDAY
Randomized 
Clinical trial

Schedule
PEP low dose

Schedule
PEP

Vaccine 1 ml PCEV (Rabipur Novartis)

Dose 0,1 ml ID

Primary
Schedule

D0 2x 0,1 ml
D7 2x 0,1 ml

RFFIT D14

PEP booster D365 
2 x 0,1 ml ID

D365
4 x 0,1 ml ID

Total dose 0,4 ml ID 0,6 ml ID

RFFIT 
after booster

D372 D372

ID intradermal; D day; RFFIT: Rapid Fluorescent Focus Inhibition Test

End of study is foreseen
end of Jun 2016



Simplifying PrEP
Rabies PrEP in BE troops 

N Rabies Pre‐exposure Schedule RFFIT 
>0,5IU/ml

RFFIT 
after PEP

N = 9205  Started rabies vaccination since 2008

N = 881 4ID retrospectif 100%

N = 489 3ID retrospectif 82% 100%

N = 250 3ID prospectif 100%   ? end 2015

N = 250 2ID prospectif 100%   ? end 2015

N = 330 1ID prospectif 81%     ? mid 2016



Conclusion: Rabies Oneday Study

RABIES ONEDAY: promising results

169 (81,25%) of subjects had a sufficient initial 
antibody response on day 14 (> 0,5 IU/ml)

28 (13,5%) of subjects had a low initial but insufficient 
response on day 14 (> 0,2 IU/ml)

We expect fast increasing antibodies after booster injections (2015‐2016)



Advising the last-minute traveller is challenging

Conclusion

Zuckerman Travel Med Infect Dis 2003.



Advising the last-minute traveller is challenging

Conclusion

Zuckerman Travel Med Infect Dis 2003.

N Accelerated Schedules

Rabies IM d0 - d3 - d7 or ID d0 2x - d7 2x

JE IM d0 - d7

Hep B IM d0 - d7 - d21 (d14?)

TBE IM d0 - d7 - d21 or IM d0 - d14

One single 
visit
low dose
ID injection

Influenza - Yellow fever – Rabies

Meningitis? - HepatitisB?
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