HUMAN VACCINES & IMMUNOTHERAPEUTICS
2021, VOL. 17, NO. 7, 2090-2096
https://doi.org/10.1080/21645515.2020.1854000

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

8 OPEN ACCESS ’ W) Check for updates

Safety and efficacy of rabies immunoglobulin in pediatric patients with suspected
exposure

Nicholas Hobart-Porter?, Michal Stein®, Naveh Toh®, Novinyo Amega©, Huy-Binh Nguyen (®<*, and James Linakis®*
2Department of Pediatrics, Division of Pediatric Emergency Medicine, University of Arkansas for Medical Sciences, Little Rock, AR, USA; "Department of
Medical Affairs, Kamada Ltd., Beit Kama, Israel; “Department of Medical Affairs, Kedrion Biopharma Inc., Fort Lee, NJ, USA; YDepartments of Emergency
Medicine and Pediatrics, The Warren Alpert Medical School of Brown University, Rhode Island Hospital, Providence, RI, USA

ABSTRACT

Rabies is a deadly viral zoonosis with global disease burden. Following exposure to a rabid animal, post-
exposure prophylaxis (PEP) is the standard of care for unvaccinated persons. Despite the large proportion
of pediatric cases, limited safety and efficacy data exist for use in pediatric patients. We report the safety,
efficacy, and immunogenicity of a phase 4, prospective, 2-center, open-label, single-arm clinical trial
evaluating human rabies immunoglobulin (HRIG150; KEDRAB 150 1U/mL) as part of PEP in patients
(aged <17) with suspected or confirmed rabies exposure, where PEP was indicated. Thirty participants
received 20 1U/kg HRIG150 infiltrated into the detectable wound site(s), with any remainder injected
intramuscularly, concomitantly with the first of a 4-dose series (days 0, 3, 7, and 14) of rabies vaccine.
Rabies virus neutralizing antibody (RVNA) titers and tolerability were assessed on day 14 following
administration. Participant safety was monitored for 84 days. No serious adverse events, rabies infections,
or deaths were recorded. Twenty-one participants (70.0%) experienced a total of 57 treatment-emergent
adverse events (TEAEs) within 14 days following administration. Twelve participants (40.0%) experienced
a total of 13 adverse events deemed treatment related. All TEAEs were mild in severity. On day 14, 28
participants (93.3%) had RVNA levels of =0.5 IU/mL (meantstandard deviation: 18.89 + 31.61). These
results demonstrate that HRIG150 is well tolerated and effective in pediatric patients as a component of
PEP. To the authors’ knowledge, this study is the first to establish pediatric safety and efficacy of HRIG in
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the US.

Introduction

Rabies is an incurable and inevitably fatal zoonotic disease that
kills approximately 59,000 people worldwide every year.' Rabies
virus, a genus of Lyssavirus from the Rhabdoviridae family,
persists in nature largely in wildlife reservoirs with geographic
specificity.” Infection in humans begins at viral inoculation, most
commonly from saliva transmitted through a bite sustained from
an infected animal. Upon inoculation, the virus replicates locally
within muscle tissue and then spreads to the neuromuscular
junction, where it gains entry to neuronal axons through nico-
tinic acetylcholine receptor-dependent clathrin-mediated endo-
cytosis; however, other cell-surface proteins such as neural cell
adhesion molecule and p75 neurotrophin receptor may also play
a role.* Once entry into the nervous system takes place, the
virus replicates in the dorsal root ganglia and ascends through
the spinal cord and into the brain through retrograde fast axonal
transport.” Infection of the brain leads to an acute progressive
encephalomyelitis and produces neurobehavioral symptoms
through remodeling of neuronal signaling, including serotoner-
gic and cholinergic transmission.”® Autopsy findings have
shown that rabies deaths generally are not associated with mar-
kers of neuronal inflammation or apoptosis, suggesting that
immunologic responses are evaded or suppressed.’

Although nearly always fatal once clinical symptoms
develop, rabies is preventable with adequate and timely admin-
istration of lifesaving post-exposure prophylaxis (PEP). In
unvaccinated persons, this includes thorough wound washing,
passive neutralization of the virus with local infiltration of
rabies immunoglobulin (RIG), and induction of active immu-
nity through vaccination.” Passive immunization with RIG is
crucial to neutralize the initial viral inoculum and prevent
infection of the nervous system, particularly during the delay
between vaccination and production of an adaptive immune
response.'’"'? PEP is indicated in all instances of potential
exposure to rabies virus, and its efficacy for preventing death
is nearly 100% when administered in a timely fashion."
Nevertheless, fatal failures of PEP do occur and typically are
associated with insufficient or delayed PEP treatment.
Insufficient treatment may involve delayed or lacking RIG
administration, as well as inadequate infiltration of wounds
(i.e., under-dosing). However, at high doses (above 20 IU/kg),
human RIG interferes with the active immune response to the
vaccine. This safety margin, in which weight-based dosing
limits are respected while RIG volume is still sufficient for
full wound infiltration, is further constrained in pediatric
patients with low body weight.'* If the volume of the body-
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weight-based RIG dose proves insufficient, volume expansion
through dilution would be necessary to allow adequate infiltra-
tion of all wounds and to ensure full neutralization of the
virus."*

A large proportion of the global rabies disease burden
affects pediatric patients. The World Health Organization
(WHO) estimates that 40% of people bitten by suspected
rabid animals are under 15 years of age, a group that represents
only about 26% of the world’s population.''® Accordingly,
children receive one-third to 60% of PEP procedures
globally.'”'® Eight (24.2%) of 33 cases of rabies in the United
States between 2003 and 2014 were in people under 18 years of
age.19 Despite this, no clinical trial had been conducted in
a pediatric population for any RIG formulation currently mar-
keted in the United States, and only limited data exist for
a discontinued formulation that was given to 10
children.'”*%72?

Pediatric research in rabies is particularly limited among
neglected tropical diseases, when considering the high propor-
tion of the global pediatric disease burden.”’ Because rabies is
universally fatal if untreated, the authoritative guidelines and
data for treatment of adults have been extrapolated to apply to
children.” There are no reports of differences between adults
and children in susceptibility to infection, pathophysiology,
disease natural history, or clinical outcomes of rabies virus
infections. However, children are at a higher risk for dog
bites; they predominantly incur wounds in highly innervated
regions (such as the head and neck); and their lower body
weight limits the RIG dose that can be administered.”'***
Given the higher susceptibility and burden of disease in the
pediatric population, clinical research was warranted in order
to determine the safety and tolerability profiles, and to establish
the efficacy and immunogenicity of a RIG when used as part of
PEP in pediatric patients suspected of exposure to rabies. To
our knowledge, this is the first and only clinical trial of any
currently available RIG.

Herein we report the safety, tolerability, efficacy, and immu-
nogenicity results of a post-marketing clinical trial in which
KEDRAB™ 150 IU/mL (HRIGI150, rabies immune globulin
[human], Kedrion Biopharma Inc. NDC#76125-150) was eval-
uated as part of PEP in pediatric participants under 17 years of
age with suspected rabies exposure. The pharmacokinetics and
efficacy of this product were previously investigated in two
phase 1 trials and a phase 2/3 trial in adults, which supported
its licensure by the Food and Drug Administration (FDA) in
2017.

Methods
Study design and objective

This study (NCT02912845) was a phase 4, prospective, open-
label, 2-center, single-arm study of the safety, immunogenicity,
and efficacy of a PEP protocol including HRIG150 to prevent
rabies disease in pediatric patients suspected of being exposed to
the rabies virus. The primary objective was to confirm the safety of
HRIG150 in pediatric patients under 17 years of age, when admi-
nistered with a rabies vaccine (Rabavert, GlaxoSmithKline
NDC#58160-964), as part of PEP. The two participating study
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sites were hospitals in the United States with experience admin-
istering rabies PEP to pediatric patients. Before any study activity
began, the protocol and informed consent form were approved by
the institutional review boards of the participating sites. Prior to
any study procedures, parental consent was obtained for all parti-
cipants; for participants mature enough to provide personal
assent, assent was documented in accordance with institutional
regulations.

Study population

Participants were healthy male and female children, aged 0 to
<17 years, with exposure or possible exposure to rabies, such as
to a potentially rabid animal, for whom PEP against rabies
infection was indicated based on local health department gui-
dance and aligned with Centers for Disease Control and
Prevention (CDC) Advisory Committee on Immunization
Practices (ACIP) recommendations.” Potential participants
with a history of prior rabies vaccine or RIG, suspected rabies
exposure with unknown timing or longer than 7 days prior to
PEP, live virus vaccination within the preceding 3 months, or
with any other clinically relevant health issue, were excluded.
The safety population included all participants who received
any amount of HRIG150, and was used for safety data analysis
and baseline characteristics summaries. The as-treated popula-
tion was defined as all participants who received at least three
vaccine doses (until day 14) as well as 1 dose of HRIG150. Once
enrolled, patients participated in the study for 85 days.

Treatment

Participants received treatment in accordance with recommen-
dations of the CDC ACIP for PEP, which includes the standard
of care wound washing, passive immunization with HRIG, and
induction of active immunity through initiation of the rabies
vaccine series.””> On day 0, the wound site (if identifiable) was
infiltrated with HRIG150 (20 IU/kg), and any remaining
HRIG150 was administered by intramuscular (IM) injection
at a different site, distant from the vaccine site. Per WHO
recommendations, if the weight-based dose of RIG was con-
sidered too small to infiltrate all wounds (e.g., cases with multi-
ple bites), dilution in physiologic-buffered saline to ensure full
wound coverage was permitted.”® If the volume for IM injec-
tion exceeded the recommended maximum single IM injection
volume for the size/age of the child, IM HRIG150 administra-
tion was permitted at multiple sites. A 1-mL dose of licensed
rabies vaccine was administered on days 0, 3, 7, and 14.

Assessments

Screening/treatment was performed on day 0. Follow-up visits
occurred on days 3, 7, and 14, and follow-up telephone calls on
days 1, 28, 56, and 84.

Diary cards

Following baseline evaluations and treatment on day 0, a diary
card was issued to participants’ parents/guardians, who were
instructed to record information on any adverse events (AEs)
experienced by the child. Diaries were reviewed by the
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investigator on day 1 (telephone follow-up) and during the visits
on days 3, 7, and 14.

Safety and tolerability

Safety and tolerability were assessed by monitoring local and
systemic AEs and physical examination findings for the
14 days following HRIG150 administration. Monitoring for
serious adverse events (SAEs) continued throughout the
entire study. AEs were defined as any untoward medical
occurrences in a participant receiving a pharmaceutical pro-
duct, with or without potential causal relationship to the
study treatment. AE relatedness to the study treatment was
assessed by the investigator as “probable,” “possible,” “unli-
kely,” or “unrelated,” and assessed separately for HRIG150
and the vaccine. Treatment-emergent adverse events
(TEAE) were defined as AEs meeting any of these criteria:
assessed as related to study treatment (possibly, probably, or
definitely) by the investigator, missing or undetermined
relationship to the study drug, or AE onset within 24 h of
HRIG150 administration. SAEs were any untoward medical
occurrence at any dose, that resulted in death, were life-
threatening at the time of the event, required inpatient
hospitalization or prolongation of existing hospitalization
(unless <12 hours, preplanned, or not associated with an
AE), resulted in persistent or significant disability or inca-
pacity, or were a congenital or birth defect or an important
medical event.

» «

Assays
On day 14, blood samples were collected from participants for
assessment of RVNA levels by rapid fluorescent focus inhibition
testing.

Endpoints

Safety

The primary safety endpoint was the frequency and severity of
local and systemic AEs occurring within 14 days of HRIG150
treatment, and of SAEs occurring within 84 days of treatment.

Efficacy and immunogenicity

Key secondary endpoints were RVNA titer and the incidence
of active rabies disease on day 14 following administration of
HRIG150. At all time points during the study, participants
were assessed by the investigators for any sign or symptom of
active rabies disease.

Data analysis

Sample size was determined based on the feasibility of enrolling
pediatric participants with possible rabies exposure at the parti-
cipating study sites and in agreement with FDA. With regards
to the primary endpoint, this sample size provides 80% prob-
ability of detecting AEs with a true incidence of >5.3% and 90%
probability of detecting AEs with a true incidence of 27.4%, and
exceeded the FDA minimum of 25 participants for meaningful
evaluation for the secondary pharmacokinetic endpoint.
Continuous variables were summarized using descriptive

statistics. Analyses were performed using SAS version 9.3 or
higher (SAS Institute Inc., Cary, NC).

Results
Participants

Thirty-three participants were screened, 30 of whom were
enrolled (3 participants did not meet enrollment criteria). All
30 participants (100%) remained enrolled on day 14, and 28
(93.3%) completed the study through day 84. Two participants
were lost to follow-up, although both subjects received
HRIG150 and were available for evaluation at day 14, and
thus met criteria for inclusion in analyses. All 30 participants
were therefore included in both the safety and as-treated popu-
lations. The majority of participants were white (21; 70%), 7
(23.3%) were Black or African American, and 2 (6.7%) were
Asian. The mean age (+ standard deviation [SD]) was
745 £ 4.3 years, and ranged from 0.5 to 14.9 years. Fourteen
participants (46.7%) were female, and 16 (53.3%) were male
(Table 1).

Safety

Throughout the study, no participants reported experiencing
a SAE, nor an AE leading to study discontinuation, and there
were no deaths. During the 14 days following treatment with
HRIG150, 21 (70.0%) out of the 30 participants experienced 57
TEAEs overall. All TEAEs that occurred within 14 days of
treatment were mild in severity. The most common treatment-
related AE was injection-site pain (five events; Table 2). The
most common TEAE also was injection-site pain (nine events;
Table 2). Twelve (40%) of the 30 patients experienced 13
TEAEs within 14 days that were deemed related to the study
treatment, all of which were mild in severity.

Efficacy

Among the 30 suspected exposures to rabies, 3 (10.0%) were
from animals that were subsequently confirmed rabid; the others
were associated with uncaptured/untested or confirmed-
negative animals. All 30 participants (100%) were free of rabies
infection on day 14 according to investigator assessment, and
active rabies infection did not develop in any participant at any

Table 1. Demographics of the Study Population.

Age, y Mean + SD 745+ 43
Median 7.15
Range (min — max) 0.5-14.9
Sex, no. (%) Female 14 (46.7)
Male 16 (53.3)
Race, no. (%) White 21 (70)
Black/African American 7 (23.3)
Asian 2 (6.7)
Ethnicity, no. (%) Hispanic or Latino 3(10.0)
Not Hispanic or Latino 27 (90.0)
Weight, kg Mean + SD 32,61 +21.83
Median 22.25
Range (min — max) 6.6-85.7
Height, cm Mean + SD 122.68 + 31.03
BMI, kg/m? Mean + SD 19.19 + 4.48

SD, standard deviation; min — max, minimum to maximum; BMI, body mass index.
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Table 2. Incidence of adverse events within 14 days of treatment of 30 patients with KEDRAB.

A.
Number of subjects (%)

Serious AE 0 (0.0)

Deaths 0 (0.0)

TEAE: any cause 21 (70.0)

TEAE: by severity 21 (70.0)

Mild 0 (0.0
Moderate 0 (0.0)

Severe 12 (40.0)

TEAE: treatment related 0 (0.0)

TEAEs leading to discontinuation

B.
Number of TEAEs (% of subjects with TEAEs)
[N =30]

Individual TEAEs Any cause® Treatment related®
Injection-site pain 9 (26.7) 5(16.6)
Injection-site erythema 2 (3.3) 1(3.3)
Fatigue 2(6.7) 2 (6.7)
Vomiting 2 (6.7) 1(3.3)
Pyrexia 2(6.7) 1(3.3)
Body temperature increased 3(6.7) 1(3.3)
Headache 4(13.3) 1(3.3)
Ecchymosis 2(6.7) 1(3.3)
Arthropod bite 4(10.0) 0(0.0)
Contusion 2 (6.7) 0 (0.0)
Pain in extremity 3 (10.0) 0 (0.0)
Anxiety 2(6.7) 0(0.0)

A. Incidence of adverse events within 14 days of treatment. B. Local and systemic TEAEs with incidence >1 recorded during the
14 days following administration of HRIG150; data are based on the safety population.

"o

®Any-cause AEs include events assessed as having “probable,

“possible,

"au

unlikely,” or “unrelated” relation to the study treatment.

These AEs occurred on or after HRIG150 administration, or were a pre-treatment event or preexisting medical condition that
worsened in intensity after HRIG150 administration. °Related AEs are those assessed as having “probable” or “possible” relation

to the study treatment.
AE, adverse event; TEAE, treatment-emergent adverse event.

Table 3. Efficacy.
Participants free of active rabies infection, no. (%)

At day 14 30 (100)

At day 84 30 (100)
RVNA titer

No. of participants with RVNA titer =0.5 IU/mL at day 14 28 (93.3)

Mean + SD 18.89 + 31.61

Median 8.81

Range (min — max) 0.21-153.62

Percentages are based on the number of participants in the as-treated population.
RVNA titers denote the geometric mean of the results per participant per visit.”

min — max, minimum to maximum; RVNA, rabies virus neutralizing antibody; SD,
standard deviation.

time during the study. On day 14, 28 patients (93.3%) had
RVNA titers 20.5 IU/mL (mean + SD of all participants:
18.89 + 31.61; range: 0.21-153.62; Table 3). Two participants
had RVNA titers <0.5 IU/mL (0.4 IU/mL and 0.21 IU/mL).

Discussion

These results demonstrate the safety, efficacy, and immuno-
genicity of HRIG150 used as part of PEP in pediatric patients
with suspected or confirmed rabies exposure. No SAE occurred
during the 3 months of follow-up. HRIG150 injections were
largely well tolerated, and all TEAEs possibly related to the
study treatment were mild in severity. Registrational trials for
HRIG products have, to date, enrolled no pediatric subjects
(HyperRAB - 12 adults, KEDRAB - 59 adults, Imogam-HT -
32 adults).*"***” The present study evaluated a cohort of 30

pediatric participants based on feasibility of enrolling subjects
indicated for post-exposure prophylaxis, and is comparable in
size to other HRIG registrational studies supporting FDA
approvals. To our knowledge, this is the first study in pediatric
patients for any RIG currently available in the United
States.”*** This sample size provides power for the primary
safety endpoint, enabling 80% probability of detecting AEs
with true incidence of >5.3%, and 90% for AEs with true
incidence of 27.4%. Twenty-one of 30 participants experienced
a TEAE, with 12 (40%) participants experiencing TEAE
deemed related to HRIG150. We note that all TEAEs were
mild in severity, whether related to HRIG150 administration
or not, the most common of which was pain at injection site.
This safety and tolerability profile is comparable to that
observed previously in adults.”” As PEP is life-saving, its omis-
sion can be associated with fatal outcomes; thus, the potential
benefit of averting death through appropriate PEP that
includes HRIG likely outweighs the risk for mild tolerability
events. As is mandatory for any human RIG formulation used
as part of lifesaving PEP, the efficacy of this protocol in pre-
venting death was 100%. No case of active rabies infection was
found at any point during the study, which included 3 months
of follow-up. Rabies incubation times range from 2 to
12 weeks, but longer times have been reported occasionally.*®
The efficacy results of the present study are consistent with
more than 10 years of global experience with this product,
including nearly a half million recipients to date, during
which there have been no reported cases of PEP failure leading
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to rabies when appropriate PEP included HRIG150. The
majority of participants had circulating RVNA titers >0.5 IU/
mL on day 14 following treatment. Although two participants
did not achieve this titer level, neither exhibited active rabies
infection at any time during the study. One of these partici-
pants was an 11-year-old girl whose RVNA titer was 0.4 ITU/mL
on day 14. The other was a 4-year-old boy with an RVNA titer
of 0.21 IU/mL on day 14 who received PEP in response to
possible rabies exposure from an animal subsequently con-
firmed positive for rabies. Correspondence with the reference
laboratory (Kansas State University [KSU] Veterinary
Diagnostic Laboratory) confirmed that individual immuno-
genic responses are heterogeneous within a population.
A retrospective review of serum samples processed at KSU in
the context of rabies clinical trials, conducted from 2010 to
2014, suggests that up to 13% of tested participants fail to reach
RVNA titers of 0.5 IU/mL by day 14 (unpublished data).
Although most individuals display early high-titer immuno-
genic responses, a small percentage may have lower later
immunogenic responses to PEP that do not achieve the 0.5
IU/mL by day 14, but achieve seroconversion by day 30.** In
our study, blood draw for RVNA titer was performed at day 14
and not repeated subsequently; thus, it remains possible that
the two subjects that did not attain the cutoff by day 14
seroconverted by day 30.

The present study was designed as a single-arm open-label
trial without placebo control to evaluate PEP in patients with
actual indication for prophylaxis based on suspected exposure
to virus, in order to evaluate clinical efficacy particularly in
subjects with confirmed rabies exposures. Without a placebo
control group, we are unable to determine whether placebo-
treated children would have developed rabies, nor whether
they would have survived the disease if they had. Due to the
high fatality rate of rabies, it is ethically unacceptable to treat
exposed patients with placebo; thus, most prospective placebo-
controlled clinical studies are necessarily limited to studying
RVNA pharmacokinetics following simulated regimens in
unexposed, healthy volunteers.”*>*” While appropriate PEP
is expected to be protective in preventing rabies disease and
death, rare instances of PEP failure have been reported, parti-
cularly when delayed or incomplete.'* The possibility remains
that, when administered to large numbers of patients, very rare
occurrences of PEP failure may occur; however, our experience
between 2006 and 2015 involving over 380 million IUs of
HRIG150 sold worldwide (sufficient to treat approximately
270,000 70-kg adults) has detected no instance of PEP failure
when HRIG150 is given as part of appropriate PEP.

Pre-specified inclusion criteria in the present study allowed for
enrollment of participants under 17 years of age, with the oldest
participant enrolled being 14.9 years of age. The WHO estimates
that 40% of the global rabies disease burden occurs in children
under 15 years of age."” Globally, most of the human rabies burden
is associated with dog bites. Widespread vaccination of domestic
pets in the United States has significantly reduced the endemicity
of the canine-variant rabies virus. However, if infected from other
reservoir species, dogs may still represent an important transmis-
sion vector due to their close proximity to humans. Accordingly,
a significant proportion of PEP in the United States is adminis-
tered in response to dog encounters: estimates range from 48% to

81%.°** Children are at an increased risk for dog bites, and incur
wounds predominantly in the head and neck, rather than the limbs
as is seen in adults.****>* Rabies virus inoculation in highly inner-
vated regions is associated with shorter incubation times, poten-
tially as short as 10 days, due to greater risk for deposition of the
initial inoculum in proximity to the central nervous system.*®
Moreover, wound morphology commonly seen in pediatric
patients associates with infection risk and must inform treatment.
Puncture wounds and lacerations of more than 3 cm are associated
with a threefold greater risk for infection, and the size and depth of
wounds dictate the volume of RIG required to adequately infiltrate
and neutralize all virus likely to be present.>*°

Dosing and administration of RIG are governed by two
countervailing principles: (1) the RIG volume must be suffi-
cient to infiltrate all wounds and neutralize all of the viral
inoculum and, simultaneously, (2) the RIG dose must be con-
strained by body weight and must not exceed 20 IU/kg to avoid
vaccine interference.””>*”*® Before 1999, the CDC ACIP
guidelines recommended administering 50% of the body-
weight-based RIG dose into wounds and the remaining 50%
by IM injection. Following reports of death among pediatric
patients despite PEP administration, in whom RIG was insuffi-
ciently infiltrated into wounds or who received IM injection
only (without wound infiltration), these recommendations
were revised to emphasize infiltration of as much of the dose
as anatomically feasible into the wounds, with IM injection of
any remainder.'*” Recent evidence from a study of 7506
patients demonstrates that infiltration of RIG alone, without
IM injection, also is protective, with no adverse outcomes after
1 year of follow-up for 80% of the cohort.”® Accordingly, 2018
revisions to the WHO rabies treatment guidelines specify only
infiltration with RIG (i.e., no IM injection).ZG’38 At the time of
this study, CDC ACIP guidelines have not yet been revised to
adopt this new regimen, and so 2010 guidelines on body-
weight-based dosing remain in effect.”> For cases in which
the RIG dose calculated by body weight would be insufficient
to adequately infiltrate all wounds, it is recommended to
expand the RIG volume through dilution.'* 150 TU/mL-
concentration of human RIG preparation can be expanded
two to three times with normal saline, whereas high-
concentration, low-volume, 300 IU/mL preparations can be
expanded only by equal-part dilution with 5% dextrose."**’
Conversely, when no wounds or animal contact sites are docu-
mented, as is characteristic of many bat exposures, these
wound-based directives may not apply; thus, a subset of cases
may not be adequately addressed by the revised guidelines.

Rabies remains fatal yet is one of the most preventable
infectious diseases. Physicians and nurses working in emer-
gency departments often are the first healthcare providers to
interface with patients suspected of rabies exposure. Despite
the crucial importance of appropriate PEP for preventing
death, baseline knowledge of rabies disease and its clinical
management guidelines remains lacking or inadequate.***!
Appropriate initiation of PEP and correct administration of
RIG are areas of deficiency for many healthcare providers.*
Retrospective studies show low rates of adherence to treat-
ment guidelines in the United States, with particularly high
rates of incorrect omission of wound infiltration with RIG
when indicated (i.e., when wound sites are present). Incorrect



treatment in the form of insufficient or non-administration of
RIG has been reported in 42% to 48% of cases.”"*>** These
gaps in knowledge and practice create unnecessary risks of
preventable death from treatment failure, as documented in
literature, and emphasize the need for improved education
and awareness.

Results of this study confirm the safety profile and efficacy of
HRIG150 in preventing rabies in pediatric patients when used
as part of a PEP regimen. HRIG150 was well tolerated with all
AEs being mild in severity, and that included no SAEs.
Therefore, we conclude that HRIG150 is appropriate for use
as a lifesaving component of PEP in pediatric patients.
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TEAE Treatment-emergent adverse event
WHO World Health Organization

Disclosure of potential conflicts of interest

Nicholas Hobart-Porter, DO: No conflicts of interest

Michal Stein, MD: Employee of Kamada Ltd, manufacturer of product
investigated

Naveh Toh, MD: Employee of Kamada Ltd, manufacturer of product
investigated

Novinyo Amega, MD: Employee of Kedrion Biopharma Inc., US dis-
tributor of product investigated

Huy-Binh Nguyen, PhD: Employee of Kedrion Biopharma Inc., US
distributor of product investigated

James Linakis, PhD, MD: No conflicts of interest

Funding

Research funding provided by Kamada Ltd. and Kedrion Biopharma Inc.

ORCID

Huy-Binh Nguyen (/) http://orcid.org/0000-0002-0842-1796

References

1. Pieracci EG, Pearson CM, Wallace RM, Blanton JD,
Whitehouse ER, Ma X, Stauffer K, Chipman RB, Olson V. Vital
signs: trends in human rabies deaths and exposures - United States.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Bouzamondo

HUMAN VACCINES & IMMUNOTHERAPEUTICS . 2095

MMWR Morb Mortal Wkly Rep.
d0i:10.15585/mmwr.mm6823el.

2019;68(23):524-28.

. Ma X, Monroe BP, Cleaton JM, Orciari LA, Gigante CM, Kirby JD,

Chipman RB, Fehlner-Gardiner C, Gutiérrez Cedillo V,
Petersen BW, et al. Public veterinary medicine: public health:
rabies surveillance in the United States during 2018. ] Am Vet
Med Assoc. 2020;256(2):195-208. doi:10.2460/javma.256.2.195.

. Mahadevan A, Suja MS, Mani RS, Shankar SK. Perspectives in

diagnosis and treatment of rabies viral encephalitis: insights from
pathogenesis. Neurotherapeutics. 2016;13(3):477-92. doi:10.1007/
s13311-016-0452-4.

. Gluska S, Zahavi EE, Chein M, Gradus T, Bauer A, Finke S,

Perlson E. Rabies virus hijacks and accelerates the p75NTR retro-
grade axonal transport machinery. PLoS Pathog. 2014;10(8):
€1004348. doi:10.1371/journal.ppat.1004348.

. Gluska S, Finke S, Perlson E. Receptor-mediated increase in rabies

virus axonal transport. Neural Regen Res. 2015;10(6):883-84.
do0i:10.4103/1673-5374.158337.

. Fu ZF, Weihe E, Zheng YM, Schifer MK, Sheng H, Corisdeo S,

Rauscher FJ, Koprowski H, Dietzschold B. Differential effects of
rabies and borna disease viruses on immediate-early- and
late-response gene expression in brain tissues. J Virol. 1993;67
(11):6674-81. doi:10.1128/JV1.67.11.6674-6681.1993.

. Tsiang H. Neuronal function impairment in rabies-infected rat brain.

J Gen Virol. 1982;61(Pt 2):277-81. doi:10.1099/0022-1317-61-2-277.
E, Ladogana A, Tsiang H. Alteration of
potassium-evoked 5-HT release from virus-infected rat cortical
synaptosomes. Neuroreport. 1993;4(5):555-58.  d0i:10.1097/
00001756-199305000-00023.

. Manning S, Rupprecht C, Fishbein D, Hanlon CA, Lumlertdacha B,

Guerra M, Meltzer MI, Dhankhar P, Vaidya SA, Jenkins SR, et al.
Human rabies prevention — United States, 2008 recommendations
of the advisory committee on immunization practices. MMWR
Recommendations Rep. 2008;57:1-28.

Madhusudana SN, Ashwin BY, Sudarshan S. Feasibility of reducing
rabies immunoglobulin dosage for passive immunization against
rabies: results of In vitro and In vivo studies. Hum Vaccin
Immunother. 2013;9(9):1914-17. doi:10.4161/hv.25431.

Gadekar R, Domple V, Inamdar I, Aswar N, Doibale M. Same dog
bite and different outcome in two cases - case report. J Clin Diagn
Res. 2014;8:JD01-JD02.

Bharti OK, Madhusudana SN, Gaunta PL, Belludi AY. Local infil-
tration of rabies immunoglobulins without systemic intramuscular
administration: an alternative cost effective approach for passive
immunization against rabies. Hum Vaccin Immunother. 2016;12
(3):837-42. d0i:10.1080/21645515.2015.1085142.

Ravish H, Krishna C, Kumar P, Siddareddy I, Annadani R. Safety,
immunogenicity and clinical efficacy of post exposure prophylaxis
in confirmed rabies exposures. Global Vaccines Immunol.
2016;1:56-59. doi:10.15761/GV1.1000116.

Wilde H, Sirikawin S, Sabcharoen A, Kingnate D, Tantawichien T,
Harischandra PAL, Chaiyabutr N, de Silva DGH, Fernando L,
Liyanage JB, et al. Failure of postexposure treatment of rabies in
children. Clin Infect Dis. 1996;22(2):228-32. d0i:10.1093/clinids/
22.2.228.

World Heath Organization (WHO). Rabies - Key Facts. 2020.
[accessed 2020 Jul 22]. https://www.who.int/news-room/fact-
sheets/detail/rabies .

Statista. World population by age and region 2019. [accessed 2020
Jul 22]. https://www.statista.com/statistics/265759/world-
population-by-age-and-region/ .

Aoki FY, Rubin ME, Fast MV. Rabies neutralizing antibody in
serum of children compared to adults following post-exposure
prophylaxis. Biologicals. 1992;20(4):283-87. doi:10.1016/S1045-
1056(05)80048-X.

Blanton JD, Bowden NY, Eidson M, Wyatt JD, Hanlon CA. Rabies
postexposure prophylaxis, New York, 1995-2000. Emerg Infect Dis.
2005;11(12):1921-27. doi:10.3201/eid1112.041278.

Dyer JL, Yager P, Orciari L, Greenberg L, Wallace R, Hanlon CA,
Blanton JD. Rabies surveillance in the United States during 2013.


https://doi.org/10.15585/mmwr.mm6823e1
https://doi.org/10.2460/javma.256.2.195
https://doi.org/10.1007/s13311-016-0452-4
https://doi.org/10.1007/s13311-016-0452-4
https://doi.org/10.1371/journal.ppat.1004348
https://doi.org/10.4103/1673-5374.158337
https://doi.org/10.1128/JVI.67.11.6674-6681.1993
https://doi.org/10.1099/0022-1317-61-2-277
https://doi.org/10.1097/00001756-199305000-00023
https://doi.org/10.1097/00001756-199305000-00023
https://doi.org/10.4161/hv.25431
https://doi.org/10.1080/21645515.2015.1085142
https://doi.org/10.15761/GVI.1000116
https://doi.org/10.1093/clinids/22.2.228
https://doi.org/10.1093/clinids/22.2.228
https://www.who.int/news-room/fact-sheets/detail/rabies
https://www.who.int/news-room/fact-sheets/detail/rabies
https://www.statista.com/statistics/265759/world-population-by-age-and-region/
https://www.statista.com/statistics/265759/world-population-by-age-and-region/
https://doi.org/10.1016/S1045-1056(05)80048-X
https://doi.org/10.1016/S1045-1056(05)80048-X
https://doi.org/10.3201/eid1112.041278

2096

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

N. HOBART-PORTER ET AL.

] Am Vet Med Assoc.
javma.245.10.1111.
Kedrion Biopharma Inc. KEDRAB [package insert]. Fort Lee (NJ):
Kedrion Biopharma Inc.; 2017.

Grifols Therapeutics LLC. HYPERRAB [package insert]. Research
Triangle Park (NC): Grifols Therapeutics LLC; 2018.

Sanofi Pasteur SA. Rabies immune globulin (Human) USP, heat
treated Imogam® rabies - HT [package insert]. Marcy L’Etoile
(France): Sanofi Pasteur SA; 2018.

Rees CA, Hotez PJ, Monuteaux MC, Niescierenko M,
Bourgeois FT. Neglected tropical diseases in children: an assess-
ment of gaps in research prioritization. PLoS Negl Trop Dis.
2019;13(1):0007111. doi:10.1371/journal.pntd.0007111.

Loder RT. The demographics of dog bites in the United States.
Heliyon. 2019;5(3):e01360. doi:10.1016/j.heliyon.2019.e01360.
Rupprecht CE, Briggs D, Brown CM, Franka R, Katz SL, Kerr HD,
Lett SM, Levis R, Meltzer MI, Schaffner W, et al. Use of a reduced
(4-dose) vaccine schedule for postexposure prophylaxis to prevent
human rabies: recommendations of the advisory committee on
immunization practices. MMWR Recomm Rep. 2010;59(Rr-
2):1-9.

Weekly epidemiological record. 2018 Apr 20;93(16):201-20.
[accessed 2020 Jun 30]. https://www.who.int/wer/2018/wer9316/
en/ .

Matson MA, Schenker E, Stein M, Zamfirova V, Nguyen H-B,
Bergman GE. Safety and efficacy results of simulated
post-exposure prophylaxis with human immune globulin (HRIG;
KEDRAB) co-administered with active vaccine in healthy subjects:
a comparative phase 2/3 trial. Hum Vaccin Immunother. 2020;16
(2):452-59. d0i:10.1080/21645515.2019.1656967.

Kuwert EK, Marcus I, Werner J, Scheiermann N, Hoher PG,
Thraenhart O, Hierholzer E, Wiktor TJ, Koprowski H. Post-
exposure use of human diploid cell culture rabies vaccine. Dev
Biol Stand. 1976;37:273-86.

Briggs DJ, Banzhoff A, Nicolay U, Sirikwin S, Dumavibhat B,
Tongswas S, Wasi C. Antibody response of patients after postex-
posure rabies vaccination with small intradermal doses of purified
chick embryo cell vaccine or purified Vero cell rabies vaccine. Bull
World Health Organ. 2000;78(5):693-98.

Moran GJ, Talan DA, Mower W, Newdow M, Ong S, Nakase JY,
Pinner RW, Childs JE. Appropriateness of rabies postexposure
prophylaxis treatment for animal exposures. Emergency ID net

2014;245(10):1111-23. doi:10.2460/

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

study group. JAMA. 2000;284(8):1001-07.  doi:10.1001/
jama.284.8.1001.

Jerrard DA. The use of rabies immune globulin by emergency
physicians. ] Emerg Med. 2004;27(1):15-19. doi:10.1016/j.
jemermed.2004.02.005.

Hwang GS, Rizk E, Bui LN, Iso T, Sartain EI, Tran AT, Swan JT.
Adherence to guideline recommendations for human rabies immune
globulin patient selection, dosing, timing, and anatomical site of
administration in rabies postexposure prophylaxis. Hum Vaccin
Immunother. 2020;16(1):51-60. doi:10.1080/21645515.2019.1632680.
Fein J, Bogumil D, Upperman JS, Burke RV. Pediatric dog bites: a
population-based profile. Inj Prev. 2019;25(4):290-94. doi:10.1136/
injuryprev-2017-042621.

Dendle C, Looke D. Review article: animal bites: an update for
management with a focus on infections. Emerg Med Australas.
2008;20:458-67.

Jaindl M, Griinauer J, Platzer P, Endler G, Thallinger C, Leitgeb J,
Kovar FM. The management of bite wounds in children-a retro-
spective analysis at a level I trauma centre. Injury. 2012;43
(12):2117-21. doi:10.1016/j.injury.2012.04.016.

Bharti OK. Using a modified rabies immunoglobulin protocol in
a crisis of unavailability: ethical and practical challenges. Indian
] Med Ethics. 2019;4:139-43.

Cabasso V], Loofbourow JC, Roby RE, Anuskiewicz W. Rabies
immune globulin of human origin: preparation and dosage deter-
mination in non-exposed volunteer subjects. Bull World Health
Organ. 1971;45:303-15.

O’Brien KL, Nolan T. The WHO position on rabies immunization
- 2018 updates. Vaccine. 2019;37(Suppl1):A85-a87. doi:10.1016/j.
vaccine.2018.10.014.

Human rabies prevention-United States. Recommendations of the
Advisory Committee on Immunization Practices (ACIP). MMWR
Recomm Rep. 1999;48(Rr-1):1-21.

Venkat H, Matthews ], Narang ], Sunenshine R, Adams LE,
Bunko AM, White JR, Levy C, Sylvester T. Human rabies post-
exposure prophylaxis knowledge and retention among health pro-
fessionals by using an online continuing education module:
Arizona, 2012 to 2015. Pedagogy Health Promot. 2019;5
(1):14-23. doi:10.1177/2373379918768329.

Gonen 1, Soysal A, Topuzoglu A, Bakir M. Clinical knowledge and
attitudes of Turkish physicians toward rabies caused by animal
bites. Jpn J Infect Dis. 2011;64:382-90.


https://doi.org/10.2460/javma.245.10.1111
https://doi.org/10.2460/javma.245.10.1111
https://doi.org/10.1371/journal.pntd.0007111
https://doi.org/10.1016/j.heliyon.2019.e01360
https://www.who.int/wer/2018/wer9316/en/
https://www.who.int/wer/2018/wer9316/en/
https://doi.org/10.1080/21645515.2019.1656967
https://doi.org/10.1001/jama.284.8.1001
https://doi.org/10.1001/jama.284.8.1001
https://doi.org/10.1016/j.jemermed.2004.02.005
https://doi.org/10.1016/j.jemermed.2004.02.005
https://doi.org/10.1080/21645515.2019.1632680
https://doi.org/10.1136/injuryprev-2017-042621
https://doi.org/10.1136/injuryprev-2017-042621
https://doi.org/10.1016/j.injury.2012.04.016
https://doi.org/10.1016/j.vaccine.2018.10.014
https://doi.org/10.1016/j.vaccine.2018.10.014
https://doi.org/10.1177/2373379918768329

	Abstract
	Introduction
	Methods
	Study design and objective
	Study population
	Treatment
	Assessments
	Diary cards
	Safety and tolerability
	Assays

	Endpoints
	Safety
	Efficacy and immunogenicity

	Data analysis

	Results
	Participants
	Safety
	Efficacy

	Discussion
	Acknowledgments
	Abbreviations
	Disclosure of potential conflicts of interest
	Funding
	ORCID
	References

