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Abstract 

Rabies is a zoonotic viral disease that is caused by rabies virus (RABV) and claims the highest fatality among all 

infectious diseasnes. Even though no cure is possible, it can be prevented by timely and complete postexposure 

prophylaxis (PEP). A variety of empirical schedules and vaccine doses for post-exposure prophylaxis have been 

recommended over time. The post-exposure prophylaxis was initially for 90 days with 6 injections but with better 
understanding of the immunology, this extended regimen was reduced to 7 days by development of novel recombinant 

nanoparticle-based rabies G protein vaccine. The current review highlighted different PEP regimens and clinical efficacy 

and safety of novel recombinant nanoparticle-based rabies G protein vaccine.  
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Introduction 

Rabies disease occurs in more than 100 countries and territories in the world. 
Dogs are the main source of human infections and pose a potential threat to 

more than 3.3 billion people.   In India, animal bites are the major concern 

and an estimated 17.4 million animal bites occur annually.   The Rabies  

disease is mainly transmitted by dogs, being responsible for 96% of animal 

bite cases.   Although there is no cure for clinical rabies, the disease is readily 
preventable through timely provision of adequate post-exposure prophylaxis  

(PEP). PEP consists of thorough washing of the wound with water, soap and 

application of antiseptics; a series of rabies vaccinations; and administration 

of rabies immunoglobulins (RIG) or more recently licenced monoclonal 

antibody products, if indicated. The PEP protocol varies according to the 
category of exposure, the immunological status of the patient and whether 

they have been previously immunized against rabies. As per 2010 

recommendations, a previously immunized person refers to a person who has 

previously received rabies vaccine, either as a complete pre- exposure 

prophylaxis course or as PEP. For persons who are previously immunized 
against rabies, even decades earlier, RIG is not indicated, and only booster 

injections are recommended.  These will invoke an anamnestic response and 

boost antibody production.  A rabies virus neutralizing antibody (RVNA) 

titre 0.5 IU/ml on day 14 post-immunization with rabies vaccine is 

internationally agreed as indicative of an adequate response to immunization. 
This threshold is a surrogate used to measure the vaccine-induced 

seroconversion in studies of rabies vaccine efficacy and effectiveness . 

Rabies vaccines can be administered by the intradermal (ID) or 

intramuscular (IM) route, depending on the schedule.   

A variety of empirical schedules and vaccine doses for post-exposure 
prophylaxis have been recommended over time, based on immunogenicity 

and clinical experience in different parts of the world with enzootic canine 

or wildlife rabies (Table 1 & Table 2).  

 

Schedule Route Sites Days Clinic visits Duration (days) 

WHO approved PEP schedules for non-previously immunized personsa 

5-dose Essen (WHO 1992) IM (1-1-1-1-1) 0, 3, 7, 14, 28 5 28 

Zagreb 2-1-1 (WHO 1992) IM (2-0-1-0-1) 0, 3, 7, 21 3 21 

Updated Thai Red Cross (TRC) (WHO 

2005) 

ID (2-2-2-0-2) 0, 3, 7, 28 4 28 

4-dose Essen (ACIP 2009) b IM (1-1-1-1-0) 0, 3, 7, 14 4 14 

WHO approved expedited PEP schedules for previously immunized persons (booster)a 

2-visit PEP IM/ID (1-1-0-0-0) 0, 3 2 3 

Single day PEP ID (4-0-0-0-0) 0 1 1 

 

Table 1: Summary of the 2010 WHO-recommended PEP schedules (prior to the 2018 update). These are recommended for persons with a 

category II or III exposure (plus RIG, if applicable). 
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a As per the 2010 WHO position, a previously immunized person referred to a person who can document previous complete course of pre-exposure 
vaccination or complete PEP. 
b As per the 2010 WHO position, the 4-dose Essen schedule should be used only in healthy, immunocompetent patients who receive wound care, high 

quality rabies immunoglobulin, and WHO-prequalified rabies vaccines. 

 

PEP regimen Route Sites Days Clinic visits Duration (days) 

WHO-recommended regimen 

1 week, two sites ID (2-2-2-0-0) 0, 3, 7 3 7 

2 weeks IM (1-1-1-1-0) 0, 3, 7, 14, 28 4 28 

3 weeks IM (2-0-1-0-1) 0, 7, 21 3 21 

Alternative immunogenic ID regimens 

1 month, two sites ID (2-2-2-0-2) 0, 3, 7, 28 4 28 

1 month, simplified four sites ID (4-0-2-0-1) 0, 7, 28 3 28 

1 week, four sites ID (4-4-4-0-0) 0, 3, 7 3 7 

 

Table 2: Summary of the 2018 WHO-recommended and alternative PEP schedules. These are recommended for persons with a category II or III 

exposure (plus RIG, if applicable).1 

As the scientific knowledge improved, the total number of rabies vaccine 

doses administered for PEP has decreased.  The post-exposure prophylaxis  
was initially for 90 days with 6 injections (1-1-1-1-1-1; Original Essen 

regimen); but with better understanding of the immunology, this extended 

regimen was reduced to 30 days using 5 injections (1-1-1-1-1; Essen 

regimen) and to later to 21 days duration using 4 doses of vaccine (2-1-1; 

Zagreb regimen)., However, the studies shown that the compliance to 
complete course of standard Essen regimen was only 60%.  Hence, the 

emphasis was on reducing the long duration PEP with a shorter course, 

resulting in saving of vaccine, reduced number of visits and travel costs.  In 

this regard, the Cadila Pharmaceuticals Ltd., Ahmedabad, India has 

developed a novel recombinant nanoparticle-based rabies G protein vaccine 
(Thrabis®). 

Novel recombinant nanoparticle-based rabies G protein vaccine 

A novel recombinant nanoparticle-based rabies G protein vaccine is first of 

its kind can be given in only three doses as intramuscularly on days 0,3,7 and 

has approved in India only. It’s a recombinant nanoparticle-based rabies G 
protein vaccine which is prepared by using Virus Like Particle technology 

(VLP).   A genetic sequence encoding the rabies G protein sequence is 

selected for generating Thrabis® using VLP platform. The genes are then 

cloned into baculovirus. The recombinant baculovirus are made to infect 

insect cells (sf9). The target antigens are expressed in the sf9 cells which are 
purified using various chromatographic techniques. The purified target 

antigen exists as assembly of polypeptides that is present in multiple copies  

in subunit antigens in a well-ordered array with defined orientations. This 

can potentially mimic the repetitiveness, geometry, size and shape of the 

natural host-pathogen surface interactions. Such nanoparticles offer a 
collective strength of multiple binding sites (avidity) and can provide 

improved antigen stability and immunogenicity.  

The efficacy and safety of novel recombinant nanoparticle-based rabies G 

protein vaccine was evaluated in a multi-centric, open label, assessor blind, 

centre-specific block randomized, parallel design, phase III clinical study. 
The study was conducted among 800 subjects. The eligible subjects were 

randomized in 2:1 ratio for recombinant rabies G protein vaccine and the 

reference vaccine. Subjects in recombinant rabies G protein vaccine arm 

received 3 doses of vaccine on days 0, 3 and 7; while subjects in reference 

vaccine arm received 5 doses of WHO pre-qualified vaccine on days 0, 3, 7, 
14 and 28. The primary objective of study was to demonstrate the non-

inferiority of the recombinant nanoparticle-based rabies G protein vaccine 

on day 14 after first dose relative to the reference vaccine in terms of 

seroprotection rate (RVNA titer of ≥0.5 IU/mL). The secondary endpoints  

were the seroprotection rate on day 42 post first dose of the recombinant 
nanoparticle-based rabies G protein vaccine and the frequency of solicited 

and unsolicited adverse events (AEs) were reported between day 0 & 180. 

On day 14, 99.24% in the recombinant rabies G protein vaccine arm and 

97.72% in the reference vaccine arm were seropositive; the difference was 

statistically non-significant. Likewise, on day 42, 98.69% of the subjects in 
the recombinant rabies G protein vaccine arm and 100.00% in the reference  

vaccine were seropositive, the difference was statistically non-significant. 

The safety profile of the recombinant nanoparticle-based rabies G protein 
vaccine was comparable with the WHO prequalified vaccine. However, 

statically significant higher number of participants in the reference arm had 

adverse events (AEs) compared to test arm (17.2% vs 9.9%, P=0.0032). All 

the AEs were mild to moderate in nature, which resolved without any 

complications. The most frequently observed local AEs were pain, redness 
and swelling at the injection site. The systemic AEs were fever, headache, 

ear pain, urticaria, joint pain and nausea. Further studies will be initiated to 

assess the immunogenicity in category III exposures, and to know whether 

RIGs will interfere with the antibody production and long-term 

immunogenicity levels upto 6 months. The strength of this study includes a 
robust protocol, the inclusion of a fairly large number of participants from 

multiple sites, good compliance rate, inclusion of primary endpoints as 

approved by WHO and the robust analytical methods followed. There are a 

few limitations; as the open-label design could lead to few reporting bias as 

subjective outcomes and the study has not included special population 
(pediatric/elderly population and pregnant/lactating women, etc.); which will 

be considered for the future studies. The study was conducted for IM route 

and no data is available for ID route.  The long-term safety data is also 

awaited from phase IV study. We hope in future lager data will be available 

and might be approved by WHO.  

Conclusion 

In past few years duration of PEP has significantly reduced from 90 days to 

1weeks with fewer visits to clinics and improved compliance. The addition 

of novel 3 dose recombinant nanoparticle-based rabies G protein vaccine 
may be breakthrough this filed and we may expect to move from 3 dose just 

1 dose in future to prevent rabies and ultimately help in eliminating dog 

mediated human rabies by 2030.  

References 

1. World Health Organization. Rabies vaccines: WHO position 

paper, Weekly Epidemiological Record, No. 32. 2010; 85:309-

320. 

2. Sudarshan MK, Madhusudana SN, Mahendra BJ, Rao NS, 

Ashwath Narayana DH, et.all., (2006).  Assessing the burden of 
human rabies in India: results of a national multi-center 

epidemiological survey. Int J Infect Dis. 2007 Jan;11(1):29-35.  

3. National guidelines for rabies prophylaxis and intra-dermal 

administration of cell culture rabies vaccines, National Institute 

of Communicable Diseases, Ministry of Health and Family 
welfare, New Delhi, India. 2007. p. 5 

4. Dean DJ, Baer GM, Thompson WR. (1963). Studies on the local 

treatment of rabiesinfected wounds. Bull World Health Organ; 

28:477–486. 
5. WHO. Rabies vaccines: WHO position paper. Weekly 

Epidemiological Record Aug 6;32(85):309–320. 

6. Kessels J, Tarantola A, Salahuddin N, Blumberg L, Knopf L. 

(2019). Rabies post-exposure prophylaxis: A systematic review 



International Journal of Clinical Reports and Studies                                                                                                                                                                         Page 3 of 3 

on abridged vaccination schedules and the effect of changing 
administration routes during a single course. Vaccine. 2019 Oct 

3;37  

7. World Health Organization. New Global Strategic Plan to 

Eliminate Dog-mediated Rabies by 2030. World Health 

Organization; 2018. 
8. Vaccine Investment Strategy. Global Alliance for Vaccines and 

Immunization. [accessed 2024 March 26] 

https://www.gavi.org/about/strategy/vaccine-investment-

strategy 

9. World Health Organization. WHO Expert Consultation on 
Rabies. Second report. Technical report series no. 931. Geneva 

(Switzerland): World Health Organization; 2005. 

10. Rupprecht CE, Nagarajan T, Ertl H. (2016). Current status and 

development of vaccines and other biologics for human rabies 

prevention. Expert Rev Vaccin;15(6):731–749. 
11. Chutivongse S, Wilde H, Fishbein DB, Baer GM, Hemachudha 

T. (1991). One year study of the 2-1-1 intramuscular post 

exposure rabies vaccine regimen in 100 severely exposed Thai 

patients using rabies immune globulin and Vero cell rabies 
vaccine. Vaccine;9(8):573–576. 

12. Ravish HS, Rachana AR, Veena V, Ashwath Narayana DH. 

(2015). Compliance to anti-rabies vaccination in post-exposure 

prophylaxis. Indian J Public Health;59(1):58-60. 

13. https://www.cadilapharma.com/in-news/thrabis-launch/ 
(Accessed on 27th March 2024) 

14. López-Sagaseta J, Malito E, Rappuoli R, Bottomley MJ. (2016). 

Self-assembling protein nanoparticles in the design of vaccines. 

Comput Struct Biotechnol J; 14:58–68.  

15. Hicks DJ, Fooks AR, Johnson N. (2012). Developments in rabies 
vaccines. Clin Exp Immunol.;169(3):199–204. 

16. H S R, Khobragade A, Satapathy D, Gupta M, Kumar S, et.all.,  

(2021). Safety and Immunogenicity of a novel three-dose 

recombinant nanoparticle rabies G protein vaccine administered 

as simulated post exposure immunization: A randomized, 
comparator controlled, multicenter, phase III clinical study. Hum 

Vaccin Immunother. Nov 2;17(11):4239-4245.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 

Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 

http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 
Learn more https://clinicsearchonline.org/journals/international-journal-of-clinical-

reports-and-studies  

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/international-journal-of-clinical-reports-and-studies
https://clinicsearchonline.org/journals/international-journal-of-clinical-reports-and-studies

