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Summary

Background A vero cell-based inactivated Rabies Vaccine (Rabivax-S) and Rabies Human Monoclonal Antibody
(Rabishield) have been approved since 2016. A post-marketing surveillance was conducted in India from 2020 to
2021 to gather real world safety data on Rabivax-S and Rabishield.

Methods This was non-interventional active surveillance in patients with category III potential rabies exposure who
were administered a post-exposure prophylaxis (PEP) regimen (Rabishield and Rabivax-S) by their healthcare
providers (HCPs) as per the dosages and regimens mentioned in the package insert approved by the Indian
regulators. The approved schedule for PEP was local infiltration of Rabishield on Day 0 and five doses of Rabivax-
S on Day 0, 3, 7, 14, and 28 (Intramuscular route, IM) or four doses of Rabivax-S on Day 0, 3, 7, and 28
(Intradermal route, ID). The primary objective of this surveillance was to generate real-world evidence on the
safety and tolerability of Rabishield and Rabivax-S. All patients enrolled in the surveillance were required to report
any adverse events (AEs) occurring up to Day 31 after initiation of PEP (administration of Rabishield and the first
dose of Rabivax-S) to their HCP.

Findings A total of 1000 patients with category III potential rabies exposure were enrolled across India. 991 patients
received the PEP regimen with IM Rabivax-S while 9 received a PEP regimen with the ID regimen. While 32% of
the patients were <12 years of age, 11.8% were >12 to <18 years of age and 56.2% were >18 years of age. The entire
PEP regimen was completed by 97.3% of the enrolled patients. A total of 69 AEs were reported in 64 patients. Out
of these, 49 AEs in 47 patients were assessed as causally related to the study products (26 with Rabishield and 23
with Rabivax-S). The majority of the AEs were mild and all recovered without any sequelae. One serious adverse
event (SAE) of fracture of the hand was reported which was not related to either Rabishield or Rabivax-S. No case of
rabies was reported.

Interpretation Rabishield and Rabivax-S have an excellent safety profile and are well tolerated. No participant
developed rabies during 31 day follow up.

Funding The PMS was funded by Serum institute of India Private Limited which is the manufacturer of the study
products.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction developing countries. Worldwide, there are 59,000
Rabies is a 100% fatal yet 100% preventable disease.’  deaths caused by rabies each year, mostly in Asia and
Pre- and post-exposure prophylaxis with vaccines and ~ Africa,”* 20,000 of them in India alone.*

immunoglobulins are highly effective in preventing For many years, safe and efficacious rabies vaccines

rabies. Rabies disproportionately affects people living in ~ produced in various cell cultures, have been available. In
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Research in context

Evidence before this study

A rabies monoclonal antibody (Rabishield) and vero cell-based
rabies vaccine (Rabivax-S) are developed and licensed in India
since 2016. Rabishield is the world's first approved rabies
monoclonal antibody. The clinical trials conducted for these
products are already published and they did not report any
safety concerns. We searched PubMed on January 13, 2023,
with the terms “Rabies Vaccine”, “Rabies Human Monoclonal
Antibody”, “safety” and “post-marketing surveillance” with no
date or language restrictions, and no publications were found.

Added value of this study

To our knowledge, this is the largest PMS study involving
1000 Category IIl potential rabies exposure patients for Rabies
PEP in India in a real-world setting. The PEP regimen
containing Rabishield and Rabivax-S (both by IM and ID
routes) was found safe and well tolerated by both the adult as
well as the pediatric group. Though the exposures were not to
confirmed rabid animals, nevertheless, no participant
developed rabies during the 31 day follow up.

India, a Vero cell-based rabies vaccine,” Rabivax-S was
developed which was subsequently authorized in 2016.
This vaccine has shown comparable immunogenicity to
other cell culture vaccines in pre-exposure,® as well as
post-exposure schedules” by both intramuscular and
intradermal routes. It was also prequalified by the World
Health Organization (WHO) in 2018.*

In the 1960’s, the importance of passive immuniza-
tion in the form of rabies immune globulin (RIG) for
post-exposure prophylaxis (PEP) has been established in
numerous case reports.”"

The ready-made antibodies in the form of RIGs
neutralize the rabies virus in the wounds. The seror-
esponse (neutralizing antibody titer >0.5 IU/ml)
induced by rabies vaccines reaches 100% by day 14.
However, the incubation period of rabies can be as
short as 4-6 days, especially in high-risk exposures on
the head and neck.'"> Therefore, administration of
passive immunization in the form of RIGs in the
wounds is extremely important to neutralize the rabies
virus before vaccine induced immune response is
attained. There are several reports where a full regimen
of rabies vaccination was given without any passive
immunization, the patient developed rabies and sub-
sequently died."*"

For passive immunization two types of RIG are
available; human rabies immune globulin (HRIG)
and equine rabies immune globulin (ERIG). ERIG is
more affordable than HRIG and is used more
frequently in developing countries due to cost and

Implications of all the available evidence

WHO has recommended combined active and passive
immunization for post-exposure prophylaxis of category Il
suspected rabies exposures. Human rabies immune globulin
(HRIG) and equine rabies immune globulin (ERIG) are being
used for passive immunization for the last several decades
however since both are blood-derived products, they have
many issues with quality, safety as well as availability. As a
result, only 2-3% of category Ill potential rabies exposures
receive any ERIG/HRIG. Failure to give passive immunization
can lead to the development of rabies even if the full course
of rabies vaccine is administered. Based on the available
clinical trial data, WHO stated that Rabishield has more
advantages over RIGs like large-scale production with
standardized quality, greater effectiveness than RIG,
elimination of the use of animals in the production process,
and reduction in the risk of adverse events.

This real-world evidence (RWE) study generated additional
data on the safety of Rabishield. This RWE data is useful for
policy decisions for the use of this product in category Il
exposure patients especially since the actual use of RIGs is
limited, only 2-3% in the developing world.

availability. However, ERIG causes a higher incidence
of adverse events (AEs), including serum sickness and
anaphylaxis.”® Affordability is an important factor in
the use of RIG in PEP in developing countries.” As
per a study in India, only 2.7% of 783 patients with
category III bites were prescribed HRIG, and only 10
could afford to receive it.?* Also, as per other studies,
only 2% and 3%, of patients with category III expo-
sures receive any RIG in India and Thailand,
respectively.?"*?

An alternative approach would be to replace poly-
clonal RIG with a monoclonal antibody capable of
neutralizing the virus.

Therefore, a single human monoclonal antibody
(mAD) against rabies virus G glycoprotein binding to the
most conserved site III was developed in the United
States. The safety and efficacy of this fully human IgG1
mAb was first demonstrated in non-clinical studies.?
Based on this technology, Rabishield was developed in
India and its safety was demonstrated in phase 1 clinical
study.”* In the Phase 2/3 clinical study in patients with
category III exposures, Rabishield containing PEP
regimen was non-inferior to HRIG containing PEP
regimen in terms of rabies virus neutralizing antibody
activity.”

Though in 2002, WHO recommended that cocktails
containing at least two mAbs binding to non-
overlapping epitopes of rabies virus G glycoprotein
should be used for rabies PEP,” several studies have
shown that Rabishield neutralizes a broad panel of
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rabies virus isolates of both canine and bat origin, not
only from India but also from other countries across the
globe.”?” To our knowledge, there is not a single human
rabies isolate reported in the world that is known to
escape neutralization by Rabishield.

Rabishield was authorized in India in 2016 and was
recommended by the Strategic Advisory Group of Ex-
perts (SAGE) of WHO in 2018* and has been included
in the WHO essential medicines list in 2021.”

The recent WHO position paper on Rabies vaccines
has stated that this mAb neutralizes a broad panel of
globally prevalent rabies virus isolates and has encour-
aged the use of mAb products instead of RIG because of
advantages like large-scale production with standardized
quality, greater effectiveness than RIG, elimination of
the use of animals in the production process, and
reduction in the risk of adverse events.*

The primary aim of this PMS was to generate real-
world safety data for a PEP regimen containing
Rabivax-S and Rabishield.

Methods

Active post-marketing surveillance on Rabishield and
Rabivax-S in patients with category III potential rabies
exposures was conducted at 85 sites across 17 states in
India. The objective was to generate additional data on
the safety and tolerability of Rabishield and Rabivax-S in
patients with category III potential rabies exposure. The
study outcomes were incidence of AEs, serious AEs
(SAEs), and rabies cases through 3 days after the last
dose of the PEP regimen. It was conducted from
February 2020 to September 2021.

Ethical aspects

The study was approved by the Indian regulatory au-
thority and Institutional ethics committee of the
Translational Health Science and Technology Institute
(THSTI), Faridabad, India. The study was conducted in
compliance with the principles of the Declaration of
Helsinki (2013) and ‘Ethical Guidelines for Biomedical
Research on Human Subjects’ issued by the Indian
Council of Medical Research, 2017. Written informed
consent was provided by each patient or his/her parents
in case of minor participants in addition to assent from
children 7 to 17 years of age before enrolment. Since
this was a non-interventional study, it was not registered
on a clinical trial registry.

Study procedures

This surveillance was conducted at government or pri-
vate rabies clinics where Rabishield and Rabivax-S were
prescribed and administered in routine practice. When
a patient with category III exposure from a suspected
rabid animal, came to the clinic, he/she was given first
aid with proper wound care and tetanus prophylaxis was
administered, if necessary. Eligibility was confirmed
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based on the medical history, clinical examination,
eligibility to receive Rabivax-S or Rabishield as per the
approved prescribing information, and appropriate un-
derstanding of the surveillance.

Rabishield (3.33 IU/kg) was infiltrated in the area
around and into all the wounds on Day 0. Rabivax-S was
given by IM or ID route as per the site practice. For the
IM route, the Essen PEP regimen was followed with five
doses of 1 ml on Days 0, 3, 7, 14, and 28 (1-1-1-1-1). For
the ID route, the Updated Thai Red Cross Schedule was
followed with eight doses of 0.1 ml on Days 0, 3, 7, and
28 (2-2-2-0-2). Rabishield and Rabivax-S were not pro-
vided free of cost to the investigators.

The investigators assessed the safety of the partici-
pants. Their contact details were with the participants/
parents who could report any AE during the study
period. At each visit, the physician asked the patients
about AEs, and the same were recorded in the electronic
case report forms (eCRF). Safety assessments included
occurrence of AEs and SAEs through 3 days after the
last dose of Rabivax-S PEP regimen. The survival rate on
Day 31 was also assessed. The severity, seriousness, and
causality assessment of AEs was done by the study
investigator based on the available information at the
reporting time point.

Study population

The PMS was conducted on 1000 eligible patients with
Category III potential rabies exposure who sought
medical care at the designated clinics/hospitals. Final
eligibility was determined based on the results of the
medical history, clinical examination, eligibility to
receive Rabivax-S or Rabishield as per the prescribing
information, and appropriate understanding of this
surveillance study.

Study products

Rabishield (manufactured by Serum Institute of India
Pvt Ltd, SIIPL) is a sterile solution of a fully human
IgG1 monoclonal antibody directed to rabies G glyco-
protein. It is supplied as 2.5 ml vials containing not less
than 40 IU/ml (100 IU/2.5 ml vial) and as 1.25 ml vials
containing not less than 40 IU/ml (50 1U/1.25 ml vial)
of rabies monoclonal antibody. Excipients include citrate
buffer (sodium citrate and citric acid) and polysorbate
80, sodium chloride.

Rabivax-S (manufactured by SIIPL) is a sterile, pu-
rified inactivated rabies vaccine containing 1 dose of
lyophilized powder in a vial and 1 ml of diluent, Sterile
Water for Injections in an ampoule. Each dose of 1 ml
contains purified rabies antigen (rabies virus Pitman—
Moore Strain 3218-VERO adapted and grown on Vero
cells, inactivated by using p—propiolactone) not less
than 2.5 IU and excipients like sucrose, glycine and
human serum albumin (HSA).

A total of 17 commercial batches of Rabishield and
51 batches of Rabivax-S were used in the PMS.
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Statistical analysis

With a sample size of 1000, the study provided a 95%
probability to detect a product-related AE occurring at a
frequency of 0.3%. The safety analysis was conducted on
all patients who received at a minimum Rabishield and
the first dose of Rabivax-S. Data from Rabivax-S IM route
and ID route was also analyzed separately. Descriptive
analyses were conducted for safety parameters of AEs
and SAEs. The overall proportion of patients reporting at
least one AE along with their exact 95% CI and total
number of events was tabulated. The missing data was
treated as missing and no imputation was done.

Role of funding source

The study was funded by SIIPL. The funder of the study
was involved in study design, data interpretation, and
writing of the report, but was not involved in data
collection and data analysis.

Results

Baseline characteristics and demographics

A total of 1000 patients with category III rabies expo-
sures were enrolled and were part of the safety popu-
lation and all received Rabishield and the first dose of
Rabivax-S on day 0. Out of these, 27 patients did not
complete the study treatment regimen of Rabivax-S. A
total of 973 patients completed the study regimen, of
which 964 (96.4%) patients completed the Rabivax-S IM
regimen of 5 doses, while 9 completed the Rabivax-S ID
regimen. A total of 4978 doses of Rabivax-S (72 doses ID
and 4906 doses IM) and 1594 vials of Rabishield were
administered.

The demographic features of patients are shown in
Table 1. Among 1000 patients, 661 (66.1%) were male
while the mean age was 24.44 years. The age range was
0.2 years—85.1 years. While 32.0% of the patients were

Rabishield + Rabivax-S IM  Rabishield + Rabivax-S ID Total
(N = 991) (N=9) (N = 1000)
Age (in Years)
n 991 9 1000
Mean 24.30 38.83 24.43
SD 16.721 20.004 16.798
Min, max 0.2, 85.1 17.7, 81.8 0.2, 85.1
Sex [n (%)]
Male 658 (66.4) 3(333) 661 (66.1)
Female 333 (33.6) 6 (66.7) 339 (33.9)
Body weight (in kg)
n 991 9 1000
Mean 47.63 68.89 47.82
SD 20.895 14.173 20.936
Table 1: Demographic and baseline characteristics—enrolled population.

<12 years of age, 11.8% were >12 to <18 years of age
and 56.2% were >18 years of age.

Suspected rabies exposures

Most of the patients reported bites with scratches by
wild and domestic animals. The majority of patients
reported transdermal bites 522 (52.2%) and scratches
with bleeding 442 (44.2%). Twenty-four (2.4%) patients
reported licking on broken skin whereas exposure of
saliva to mucous membranes was reported in 9 (0.9%)
patients.

In domestic animal exposures, a total 895 (89.5%)
patients had dog bites, and 65 (6.5%) reported cat bites.
In wild animals, monkey bites were reported in 34
(3.4%), 2 (0.2%) patients each reported fox and jackal
bites, while 1 (0.1%) patient each reported bites by bat
and wild pig.

Among these 1000 patients, 586 (58.6%) patients
reported a single wound, 276 (27.6%) had two wounds,
86 (8.6%) patients had 3 wounds whereas 52 patients
had more than 3 wounds (Table 2).

In 52.1% of patients, the location of the bite/expo-
sure was on a lower limb, whereas 9.8% cases had high-
risk exposure involving the head, neck, and face region
(Supplementary Table S1). High-risk exposures on
head, neck, and face occurred in 15.11%, 13.39% and
5.18% of children below 12 years, >12 and <18 years
and adults, respectively (data not shown).

Safety results

A total of 69 AEs were reported in 64 patients. Out of
these, 49 events were causally related to the study prod-
ucts (26 with Rabishield and 23 with Rabivax-S) (Table 3).
Injection site erythema (1.1%) was the most common AE
related to Rabivax-S while injection site pain (1.5%) was
the most common AE related to Rabishield.

Out of 69 AEs, 68 were of Grade 1 severity while only
one was reported as grade 3 (i.e. hand fracture in a
pediatric patient). All 49 related AEs were of grade 1
severity (Table 4). All the AEs recovered without any
sequelae. There were no AEs related to Rabivax-S
administered via the ID regimen.

In terms of age wise distribution, there were 38 AEs
in 34 (6.0%) patients in the adult age group (>18 years),
of which 27 events were related to the study products
(Supplementary Table S2). Injection site pain was the
most common AE related to both Rabishield (1.6%) and
Rabivax-S (0.7%). In the <18 years age group, 31 AEs
were observed in 30 (6.8%) patients, of which 22 events
(5.0%) were related with the study products
(Supplementary Table S3). The most common AE
related with Rabishield in this group was injection site
pain (1.4%) and with Rabivax-S was injection site ery-
thema (2.3%). One (0.2%) SAE of hand fracture was
reported in a child which was not related to the study
vaccine.
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Total (N = 1000)
n (%)
Nature of exposure
Transdermal bite 522 (52.2)
Lick on broken skin 24 (2.4)
Exposure of saliva to mucous membrane 9 (0.9)
Scratch with bleeding 442 (44.2)
Other” 3(03)
Animal type
Wild 140 (14.0)
Domestic 860 (86.0)
Pet 189 (18.9)
Stray 671 (67.1)
Species
Dog 895 (89.5)
Cat 65 (6.5)
Monkey 34 (3.4)
Fox 2 (0.2)
Other” 4 (0.4)
Number of wounds
1 586 (58.6)
2 276 (27.6)
3 86 (8.6)
>3 52 (5.2)
“Other nature of exposures involved one case each of deep wound, full thickness
bite and puncture wound. "Other species involved one case each of bat and wild
pig and 2 cases of jackal bite.
Table 2: Summary of rabies exposure.

Survival rate
In this surveillance, no rabies related mortality was re-
ported in any of the patients across all sites in India.
Thus, the survival rate was 100% at 31 days after initi-
ation of PEP.

Discussion

This active surveillance was conducted in 1000 Category
III potential rabies exposure patients from 17 states
across India. A major strength of this surveillance was a
good mix of the adult and pediatric age groups.
Approximately 44% of the population enrolled in this
surveillance was from the pediatric age group. The PEP

regimen containing Rabishield and Rabivax-S was found
safe and well tolerated. To the best of our knowledge,
this is the largest PMS for PEP of Rabies in India with a
diverse population.

Around 44% of the patients were below 18 years of
age while 32% of the patients were below 12 years of
age. It is known that 40% of people bitten by suspected
rabid animals are children under 15 years of age.”
Around 90% of the cases were caused by dog bites,
which is consistent with the earlier studies in India,
where the main animals responsible for bites were dogs
(96.2%).°" In our study, 52.1% of the bites were in the
lower limb. Sudarshan MK et al. also reported that
56.2% of bites were on the lower limb.*

A total of 4978 doses of Rabivax-S and 1594 vials of
Rabishield were distributed during this surveillance.
Almost all the AEs were mild and all recovered without
any sequelae. The most common AEs were local injec-
tion site reactions which were consistent with those
seen during the pre-licensure studies.®”**** Only one
SAE was reported in the PMS which was not related
with the Rabivax-S and Rabishield. This is in line with
clinical studies done on these products. Rabishield was
found safe in Phase 1 and Phase 2/3 clinical studies.”**
Similarly, Rabivax-S was found safe in Phase 1 and
Phase 2/3 studies.*” A recently published study in India
in 397 subjects with category III exposure also demon-
strated the safety of Rabishield.”

The PEP regimen with Rabishield and Rabivax-S was
well tolerated by both the adult as well as the pediatric
patients. There are no known age differences in the
safety profile of rabies biologics. There were no AEs
reported in Rabivax-S ID group though only nine pa-
tients had received the ID regimen. In general, Rabivax-
S was safe both by IM and ID routes.*” The safety of
both routes is well established.”

Only nine patients had received ID regimen while
991 had received the IM regimen. The ID regimen was
introduced in India in year 2006.** However, it is
mostly used in the government healthcare system
while the PMS was conducted in mostly private
healthcare facilities where the IM route is majorly
used. The rabies vaccine procurement in India in 2017
according to the route of administration was 34% for
IM route (mostly private), 34% for ID route (only

Total (N = 1000)

No. of patients (n) % (95% Cl) No. of events (E)
Any AE 64 6.4 (4.96, 8.10) 69
Related AEs 47 4.7 (3.47, 6.20) 49
Rabishield 26 26 (171, 3.79) 26
Rabivax-S 23 23 (1.46, 3.43) 23
SAEs 1 01 (0.00, 0.56) 1

Table 3: Overall summary of adverse events.
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System organ class (SOC) preferred term (PT) Rabishield (N = 1000) Rabivax-S (N = 1000)
n % (95% Cl) E n % (95% Cl) E
Patients with at least one related AE 26 2.6 (171, 3.79) 26 23 23 (1.48, 3.46) 23
General disorders and administration site conditions 26 2.6 (171, 3.79) 26 23 23 (1.48, 3.46) 23
Injection site erythema 7 0.7 (0.28, 1.44) 7 11 11 (0.56, 1.98) 11
Injection site pain 15 15 (0.84, 2.46) 15 4 0.4 (0.11, 1.03) 4
Injection site swelling 2 0.2 (0.02, 0.72) 2 5 05 (0.16, 1.17) 5
Pyrexia 0 3 03 (0.06, 0.88) 3
Discomfort 1 0.1 (0.00, 0.56) 1 0
Injection site pruritus 1 0.1 (0.00, 0.56) 1 0
Table 4: Related adverse events by SOC-PT (Safety population).

Government), and 32% for both IM and ID (Govern-
ment/Private).”

Though the incubation period of rabies in humans is
generally 20-60 days, the fulminant disease can become
symptomatic within 5-6 days.*® Therefore, it is impor-
tant that no case of rabies was reported in the enrolled
population through 31 days. However, based on our
data, conclusions cannot be drawn on the efficacy of the
products.

One limitation of our study was a short follow up of
three days after completion of the PEP. However, the
AEs caused by rabies vaccines as well as rabies mono-
clonal antibody are known to occur within three days of
administration and there are no known delayed
reactions.®”**** Therefore, we believe that the follow up
was adequate to detect AEs caused by these products.
Another limitation was that rabies exposures were from
suspected rabid animals, and not from confirmed rabid
animals. In a real-life scenario, it is not possible to trace
and test every incriminating animal and therefore,
confirmation of rabies in animals is not possible. Since
rabies is a 100% fatal disease, PEP is recommended
even if such confirmation is not available.

The strengths of our study include a large sample
size of 1000 individuals as well as the real-world setting
in which it was conducted. All administered products
were from marketed lots, so the results obtained can be
extrapolated to vaccine and Rabishield batches reaching
the general population. To our knowledge, this is one of
the largest safety data on rabies PEP in patients of
category 3 exposures.

To conclude, the PMS demonstrated that both
Rabishield and Rabivax-S have an excellent safety profile
and are well tolerated by the patients. No participant
developed rabies during 31 day follow up.
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