Intradermal fractional IPV concept note
BACKGROUND
In November 2012, the Strategic Advisory Group of Experts on Immunization (SAGE) recommended that all countries introduce at least 1 dose of inactivated polio vaccine (IPV) in their routine immunization programs, to mitigate the risks associated with the globally synchronised withdrawal of the poliovirus type 2 component of oral poliovirus vaccine (OPV), which will take place between April 17 – May 1 2016. 

One dose of IPV will increase population immunity to poliovirus type 2 and boost immunity against poliovirus types 1 and 3. This increase in population immunity will: 
1. Reduce the risk of developing type 2 associated paralytic poliomyelitis
2. Seroconvert a proportion of naive (seronegative) children
3. Boost humoral immunity in children previously exposed to OPV
4. Boost mucosal immunity in children previously exposed to OPV
Lastly, in the event of an outbreak of type 2 poliovirus, administration of 2nd IPV dose in conjunction with monovalent OPV2 will rapidly close remaining immunity gaps

There is currently a significant global deficit in IPV supply, forecast to continue through to 2017[footnoteRef:1]. Both IPV manufacturers collaborating with the GPEI, Sanofi-Pasteur and Bilthoven Biologicals, have reduced the quantity of IPV allocated to the public sector by 40% to 50%. This has created a significant IPV shortage in many countries globally.  [1:  UNICEF. Inactivated Polio Vaccine: Supply Update. May 2015.] 


Several contingency strategies are being pursued to address the IPV constraints so that all infants receive at least one dose of IPV in addition to bivalent OPV (bOPV) (type 1 and3) in their routine immunization programme. These strategies include 
1. Multidose policy - decreasing wastage through applying the multi-dose vials policy after opening of the vials
2. Prioritising IPV use to ensure IPV introduction into RI programs of all Tier 1 and 2 countries prior to type 2 vaccine cessation
a. Prior to type 2 vaccine cessation, IPV use in SIAs will be targeted to endemic countries
b. IPV introduction ensured for all tier 1 and 2 countries (country tiers represent the level of risk of a type 2 outbreak after the withdrawal of OPV2, with tier 1 the highest risk)
c. Delayed IPV introduction for 20 tier 3 and 4 countries 
3. Dose sparing strategy through administration of intradermal (ID) fractional IPV (fIPV) (0.1ml or 1/5 full dose)
a. In outbreak response as per protocol[footnoteRef:2]  [2:  Global Polio Eradication Initiative. Responding to a poliovirus event and outbreak - Standard Operating Procedures (SOPs). 2016. Part 1: http://www.polioeradication.org/Portals/0/Document/Resources/PolioEradicators/1a.PolioOutbreakGuideline201604part1.pdf Part2: http://www.polioeradication.org/Portals/0/Document/Resources/PolioEradicators/1a.PolioOutbreakGuideline201604part2.pdf




] 

b. 2 dose ID fIPV schedule in routine immunisation (RI)

Despite the strategies outlined, constraints in IPV supply continue and may further deteriorate should there be further reductions in IPV production and supply as notified by Bilthoven Biologicals and/or Sanofi-Pasteur.

SCIENTIFIC EVIDENCE of INTRADERMAL FRACTIONAL IPV 

There is a growing body of scientific evidence on the safety and immunogenicity of intradermal (ID) fractional IPV (fIPV) dose administration, which delivers 0.1ml or 1/5 full intramuscular (IM) dose. Studies have been conducted for ID fIPV-dose as primary series in RI schedules (6, 10, 14 weeks; 2, 4, 6 months, 4, 8 months) as well as for boosting. A comparison of the immunity to type 2 poliovirus after one full dose IM IPV with two or one doses of ID fractional IPV from studies is shown in table 1 and 2, respectively.

RI studies (primary series):
Seroconversion
A study conducted in the Philippines[footnoteRef:3] demonstrated feasibility of ID fIPV in primary series administered at 6, 10, 14 weeks: cumulative seroconversion rates against poliovirus type 2 were 94.5% in the ID fIPV study arm compared to 98.2% in the IM IPV study arm.  [3:  Cadorna-Carlos J et al. Randomised controlled study of fractional doses of inactivated poliovirus vaccine administered intradermally with a needle in the Philippines. International Journal of Infectious Diseases 2012; 16(2):e110-e116.] 


Results from a study conducted in Cuba[footnoteRef:4]  where IPV was administered at 4 and 8 months demonstrated seroconversion rates against poliovirus type 2 of 47.1%, 98.1% in the ID fIPV study arm compared to 62.7%, 100% in IM study arm. [4:  Resik S et al. Priming after a fractional dose of inactivated poliovirus vaccine. The New England Journal of Medicine 2013; 368:416-24] 


Another study conducted in Bangladesh[footnoteRef:5] where IPV was administered at 6 and 14 weeks demonstrated seroconversion rates  against poliovirus type 2 of 19.4%, 80.9% in the ID fIPV study arm, compared to 38.5%, 91%, in the IM IPV study arm. [5:  Anand A et al. Early priming with inactivated poliovirus vaccine (IPV) and intradermal fractional dose IPV administered by a microneedle device: A randomized controlled trial. Vaccine 2015; 33(48):6816-22.] 


2 fractional doses vs 1 full dose:
Furthermore, the seroconversion rate against poliovirus type 2 reported following two fractional doses at 6 and 14 weeks (i.e. 81%) in Bangladesh is higher than the seroconversion against poliovirus type 2 following one full dose of IPV given at 14 weeks (73%) reported from a subsequent trial, conducted by the same investigators, in a similar study population in Bangladesh, using the same laboratory.[footnoteRef:6] Table 1 summarises the recent studies. [6:  Anand A et al. 2016 (unpublished data)] 


The results from these studies indicate that 2 fIPV doses provide higher seroconversion rates against poliovirus type 2 than a single IM IPV dose: 80.9% compared to 38.5% (Bangladesh), 98.1% compared to 62.7% (Cuba). This is supported by the other studies (but blunted by early-age administration).

Median antibody titers
In the Cuba4 study reciprocal medium antibody levels for one and two vaccine doses were 9 and 898 for the ID fIPV arm, compared to 28 and ≥1448 for the full dose IM arm. Although overall medium antibody levels were lower for fIPV dosing, levels above 8 are considered protective.  
Two fIPV doses induced substantially higher antibody titers against type 2 compared to one full IM dose in both Cuba4 and Bangladesh5 studies: 898 compared to 28 (32-fold increase) for Cuba and 445 compared to 28 (16-fold higher) for Bangladesh. Furthermore, two fractional doses administered at 6 and 14 weeks in Bangladesh induced higher antibody titers than one full dose at 14 weeks in the follow-on study6: 445 compared to 45 (10-fold increase). Likewise, in all studies the median antibody titres after 2 fractional doses were higher than 1 full dose.
Mucosal immunity
ID fIPV in primary series at 4, 8 months induced comparable mucosal immunity to IM in a follow up study in Cuba[footnoteRef:7].   [7:  World Health Organisation. 2016 (unpublished).] 

Boosting studies: 
In a boosting study in Cuba[footnoteRef:8], one dose of ID fIPV demonstrated non-inferiority to elicit boosting immune response in adults who had not been vaccinated for 10+ years compared to full dose IM IPV (conducted in collaboration with Bilthoven Biologicals and Dutch National Regulatory Authority).  [8: Resik S et al. 2016 (unpublished)] 

These results indicate that one dose of ID fIPV can be used to boost immune response in outbreak response (OBR).  
[bookmark: _GoBack]POLICY RECOMMENDATIONS
Policy recommendations for ID fIPV have evolved with growing scientific evidence for ID fIPV dosing. This has become increasingly significant given the global shortage of IPV moving towards cessation of OPV type 2. In April 2012, SAGE reviewed all available evidence on fractional dose ID fIPV and concluded that ID fIPV approach is promising.[footnoteRef:9]  [9:  World Health Organization. Meeting of the Strategic Advisory Group of Experts on Immunization, April 2012 – conclusions and recommendations. Weekly Epidemiological Record 2012; 87 (21): 201-216.] 

The evidence for ID fIPV administration was further reviewed by the Strategy Committee (SC) in 2015 and 2016 resulting in the endorsement administration of ID fIPV in addition to mOPV2 for outbreak response for a period of 12 months after OPV2 withdrawal. In addition the SC committed funding to secure devices for ID administration.[footnoteRef:10]  [10:  Strategy Committee Meeting November 5th 2015 – Note for the Record (unpublished)] 


Subsequent to the decision by the SC, the GPEI will prepare and make available a regulatory package for all countries on the evidence of fIPV administration. Discussions with the national regulatory authorities of Tier 1 countries will be initiated in advance of implementation of this strategy; furthermore an evaluation plan will be developed to ensure and monitor the feasibility and impact of ID fIPV use.[footnoteRef:11]  [11:  Strategy Committee Meeting February 11th 2016 – Note for the Record (unpublished)] 


In March 2016, SAGE reviewed the scientific evidence of ID fIPV administration. In the context of IPV supply constraints SAGE recommended that countries consider adopting a two fractional doses IPV schedule (e.g. at 6 and 14 weeks). SAGE further recommended that countries which are considering introducing a fractional dose schedule should ensure that health workers capacity to administer ID injection is assessed and strengthened.[footnoteRef:12] This was further endorsed at SAGE meeting in April 2016. [12:  World Health Organization. The Strategic Advisory Group of Experts on Immunization Discussion on IPV Supply    Situations. March 2016 (unpublished)] 


The WHO 2016 position paper states that in the context of an IPV shortage, countries could consider instituting 2-ID fIPV doses administered four weeks apart, in their routine immunisation schedule. This could ensure that all eligible infants receive IPV. As a strategy this is dose-sparing, and results in higher immunogenicity than a single full IPV dose. The position paper further stated that ID fIPV strategy may be particularly appropriate for outbreak response if supplies are limited.[footnoteRef:13]  [13:  World Health Organization. Polio Vaccines: WHO Position Paper, March 2016. (unpublished)] 


REGULATORY CONSIDERATIONS

The current IPV label does not include ID administration of fIPV. Therefore, use of ID fIPV will require IPV label change or that ID fIPV be administered as off-label use, which is quite frequently used for vaccines.  

DEVICES
There are several options for needle free and needle adaptor devices to facilitate intradermal administration of fIPV, which will become widely available in 2017 (Table 3).  Several devices have been assessed in clinical studies, such as Micronjet 600 in Bangladesh5, Tropis in Gambia[footnoteRef:14] and Tropis and ID Pen in Cuba[footnoteRef:15]. The demonstration study of ID fIPV administration during SIA using two ID devices (ID adaptor and Star syringe) was recently completed in Pakistan. [14:  Clarke E et al. The safety and immunogenicity of the inactivated poliovirus vaccine when given concomitantly with the measles and rubella combined vaccine and yellow fever vaccine and when given via different administration routes: a phase 4, randomised, non-inferiority trial in The Gambia. 2016 (unpublished)]  [15:  Resik S et al. Immune responses after fractional doses of inactivated poliovirus vaccine using newly developed intradermal jet injectors: A randomized controlled trial in Cuba. Vaccine 2015; 33(2):307-313.] 


SPECIFIC REQUEST TO THE COUNTRIES

The specific request to the countries is to consider the use of ID fIPV dosing:

Routine immunization (primary series): administration of 2 ID fIPV doses as an alternative to a single IM IPV dose. This would be as off-label use. This consideration would be particularly relevant for countries with strong routine immunization program (e.g. DTP3 coverage ≥90%). A schedule of early fIPV administration at 6 and 14 weeks could be considered, to ensure early protection of infants and reduce dropout rate. 

Outbreak response (booster dose): administration of ID fIPV in cVDPV2 outbreaks in addition to mOPV2 as outlined in cVDPV2 outbreak response protocols.




Table 1: Comparison of two fractional doses of IPV with one full dose IPV
	Publication (Year)
	Country (IPV Vaccine Supplier)
	Schedule
	Immunity to type 2 poliovirus, after 2 fractional-doses or 1 full dose

	
	
	2 fractional doses
	1 full dose
	Seroconversion (%)
	Median Antibody Titers (MAT)
	Fold increase in MAT* 

	
	
	
	
	2 fractional-doses
	1 full-dose 
	2 fractional-doses
	1 full-dose
	

	Resik S et al. The Journal of Infectious Diseases (2010).
	Cuba (Statens Serum Institute)
	6, 10 weeks
	6 weeks
	45
	36
	18
	11
	1.6

	Mohammed AJ et al. The New England Journal of Medicine (2010).
	Oman (GlaxoSmithKline)
	2, 4 months
	2 months
	67
	32
	45
	9
	5

	Resik S et al. The New England Journal of Medicine (2013).
	Cuba (Netherlands Vaccine Institute)
	4, 8 months
	4 months
	98
	63
	898
	28
	32

	Anand A et al. Vaccine (2015)

	Bangladesh (Netherlands Vaccine Institute)
	6, 14 weeks
	6 weeks
	81
	39
	445
	28
	16

	Anand A et al. (Unpublished)
	Bangladesh (Bilthoven Biologicals)
	NA
	14 weeks
	NA
	73
	NA
	45
	10§


*Between one full dose IPV and two fractional doses of IPV 
§When compared with MAT for 2 fIPV doses in earlier Bangladesh study

















Table 2: Comparison of one fractional IPV dose with one full IPV dose

	Publication (Year)
	Country (IPV Vaccine Supplier)
	Schedule
1 fractional-dose 
	Schedule 1 full-dose
	Immunity to type 2 poliovirus, after 1 fractional-dose or 1 full dose

	
	
	
	
	Seroconversion (%)
	Priming (%)
	Median Antibody Titers (MAT)
	Fold increase in MAT*

	
	
	
	
	1 fractional-dose
	1 full-dose
	1 fractional-dose
	1 full-dose
	1 fractional-dose
	1 full-dose
	

	Resik S et al. The Journal of Infectious Diseases (2010)
	Cuba (Statens Serum Institute)
	6 weeks
	6 weeks
	19
	36
	NA
	NA
	<8
	11
	0.7

	Mohammed AJ et al. The New England Journal of Medicine (2010).
	Oman (GlaxoSmithKline)
	2 months
	2 months
	17
	32
	NA
	NA
	<8
	9
	0.8

	Resik S et al. The New England Journal of Medicine (2013)
	Cuba (Netherlands Vaccine Institute)
	4 months
	4 months
	47
	63
	94
	98
	9
	28
	0.3

	Anand A et al. Vaccine (2015)
	Bangladesh (Netherlands Vaccine Institute)
	6 weeks
	6 weeks
	19
	39
	72
	84
	32
	28
	1.1


*Between one full dose IPV and one fractional dose of IPV 




















Table 3: Summary of ID Devices
	Device
	Supplier
	Description
	Licence status
	Availability timing

	Tropis
	Pharmajet, USA
	Jet injector optimized for ID administration. No needle.
	US 501k scheduled in mid-2016
	Q1 2017

	ID Adapter
	West Pharma, USA and Helm, Germany
	Plastic adapter attached to regular needle and syringe to optimize the angle and depth of ID needle administration.
Combined adaptor-AD syringe available in 2017.
	US 501k
	Q1 2017

	Star syringe 

	Star, USA

	Needle and syringe (NS) optimized for ID administration. Very little dead space.
	US 501k scheduled in late 2016
	Q1 2017

	MicronJet 600 
	Nanopass, Israel
	Disposable needle attached to regular syringe. Significant dead space (0.04mL/device).
	US 501k
EMEA CE
India, Israel
	
2017

	ID Pen
	Bioject, USA
	Jet injector optimized for ID administration.
No needle.
Suboptimal performance compared to Tropis/N&S.
	Not known
	Not Available

	BCG Needle
	Various
	Used to administer BCG N/S
	Licenced
	Widely Available















