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Evolution of 
Human rabies vaccines

First human rabies vaccines – Produced from 
rabies infected brain tissue. Administered by 
injecting multiple doses into the abdomen 
region. 

1960s – Duck embryo vaccine PEP required 14 
doses; produced low titers
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Evolution of IM/ID administration of CCVs
1976 – First severe clinical field trial for Human Diploid 
Cell rabies Vaccine (HDCV); 45 patients severely bitten 
by wolves in Iran; 6 Subcutaneous doses. 44 patients 
also received antirabies serum. 

THIS WAS PROOF OF EFFICACY

1980 – WHO endorsed Essen 6 dose IM PEP regimen; 
3 dose PreP regimen; WHO urged investigation into 
alternate routes (including ID) of HDCV to reduce cost 
of vaccine as a replacement for NTVs

HDCV licensed in US for PreP & PEP

1980-90s – Several clinical trials conducted confirming 
that ID route is as immunogenic & efficacious as IM 
administration for PEP, PreP

1982 – HDCV packaged in 0.1 mL syringe for PreP in US 
– cost 75% of IM vial

1989 – 2010s – Clinical data confirming CCVs that 
meet WHO Prequalification standards are equivalent 
in immunogenicity and efficacy (HDCV; PCECV; PVRV) 
when administered IM or ID for PreP and PEP

1997 – PCECV licensed in US for PEP & PreP

2001 – ID PreP pre-packaged vaccine taken off of the 
market in the US – cost of packaging



Purpose
•Show how intradermal (ID) schedules compare to intramuscular (IM) schedules

• Much of the published literature is about ID data
• Will inform whether ID data can be used to inform recommendations for IM ACIP schedules

•Show the efficacy of rabies cell culture vaccines



Verifying Equivalence of IM and ID Route
1. Efficacy

2. Primary Immunogenicity

3. Long-term 
immunogenicity (i.e., 
Anamnestic Response)



1. Efficacy – PEP ID 
 58 patients with minor risk to rabies exposure
 CCV – Purified Vero Cell Rabies Vaccine (PVRV) 

Four regimens – different volumes & routes:

 Full IM vial (day 0,3,7,14,28)
 4-site ID (0.1 mL per site) (day 0,3,7)

 2-site ID (0.1 mL per site) (day 0,3,7)

 1-site ID (0.1 mL per site) (day 0,3,7)
 All ID patients received 1 0.1 mL dose on day 28

ALL PATIENTS SURVIVED

ALL PATIENTS DEVELOPED NEUTRALIZING ANTIBODIES ABOVE 
0.5 IU/mL BY DAY 14

Phanuphak et al. 1987. Asian Pacific J Allergy & Immunol. 5:33-37.



1. Efficacy ID PEP  

Chutivongse S, Wilde H, Supich C, Baer G, Fishbein D. 1990. Lancet 335:896-8.

“Thai Red Cross Regimen” 
Two (0.1 mL) ID doses day 0,3,7 and one (0.1 mL) ID dose day 30 & 90

100 patients severely bitten by confirmed rabid dogs
Follow up: One Year; ALL SURVIVED



2. Immune response in IM and ID PrEP
128 subjects in 4 arms of the study

Group 1: Naïve subjects received 3 ID PreP
doses days 0,7,21

Group 2: Naïve subjects received 3 IM PreP
doses days 0,7,21

Blood samples taken prior to vaccination and 
then on days 7, 21, and 14 days after series 
finished (V+14), as well as 60, 120 and 160 
days after the series finished.

Recuenco, S. et al. 2017. Vaccine 35:4315-20



2. Immune response in IM and ID PrEP

Recuenco, S. et al. 2017. Vaccine 35:4315-20

3 dose PreP regimen administered for ID and IM on day 0, 3, 21
V+14 : 14 days after last dose of vaccine administered on day 21 



3. Anamnestic Response

IM
ID

2-dose ID
2-dose ID

Wongsaroj P et al. 2013. Rabies neutralizing antibody after 2 intradermal doses on days 0 and 21 for pre-exposure prophylaxis. Vaccine. 31:1748-51.

NOTE: NO significant difference between the GMT on day 379 in the IM and ID Group (after receiving 2-dose 0.1 
mL ID booster series) on day 0, 3

Group A – ID PreP – Day 0, 21
Group B – IM PreP – Day 0, 21

Day 365 – Booster series: 1 dose ID on day 0, 3 



Equivalence of CCVs

Madhusudana et al. 2006. Human Vaccines. 2:200-04.

TRC: Thai Red Cross PEP Regimen: 2 ID doses on 
days 0, 3, 7 and 1 ID dose on day 28 and 90



Equivalence of CCVs

Briggs et al. 2000. Bull WHO. 78(5):693-98.

211 Patients with Cat II & III Wounds ALL PATIENTS SURVIVED

ID REGIMEN: “Thai Red Cross Regimen” :  Two (0.1 mL) ID doses day 
0,3,7 and one (0.1 mL) ID dose day 30 & 90
IM REGIMEN:  “Essen Regimen”  :  One IM dose on day 0, 3, 7, 14 and 28



Conclusions
• EFFICACY: 

• ID and IM PEP are equally efficacious in patients exposed to confirmed rabid animals

• PRIMARY IMMUNOGENICITY: 
• ID and IM PreP are both highly immunogenic routes of vaccination, with IM producing slightly higher titers in 

most clinical trials.
• There is no known clinical relevance attributed to the increased immunogenicity reported with the IM route

• CCVs that meet WHO Pre-qualification standards will produce equitable immunogenicity responses in both 
PreP and PEP regimens & when administered IM and ID

•LONG-TERM IMMUNOGENICITY, I.E., ANAMNESTIC RESPONSE:
• Patients/subjects that receive PreP administered IM or ID will both have robust anamnestic response to booster 

vaccination when administered either by the IM or ID route

•INTERPRETATION:
• When using high-quality cell-culture vaccines, ID and IM routes of administration are equivalent among three 

clinically relevant immunologic factors: efficacy, immunogenicity, and anamnestic response



Brief list of Clinical data on IM and ID 
administration of CCVs for PEP and PrEP
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