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ABSTRACT
The human rabies immunoglobulin (HRIG) is a life-saving immune biological essential for all category III 
animal exposures. It provides neutralizing antibodies at the site of exposure until the body can produce 
vaccine-mediated antibodies. We conducted this study to determine the safety and clinical efficacy of an 
HRIG being used presently for post-exposure prophylaxis (PEP) and to strengthen the existing evidence for 
its further usage. We conducted a prospective cohort study in 123 subjects with category III animal 
exposures at the KIMS Hospital and Research Center, Bangalore, India. Post-exposure prophylaxis (PEP) 
with wound toilet, a single application of HRIG, and a full course of anti-rabies vaccination were provided to 
all the study subjects. The volume of HRIG was calculated according to the body weight, and all the wounds 
were infiltrated as was anatomically feasible. All the study subjects were followed up for immediate and 
delayed adverse events (AE), both local and systemic. Subsequently, all the subjects were followed up for 6 
months to demonstrate the clinical efficacy of PEP. The incidence of AEs was 11.4% including local pain, 
erythema, itching, headache, body ache, fever, and malaise. All AEs were mild and subsided without any 
complications. All the study subjects were healthy and alive after 6 months following the administration of 
HRIG, along with a full course of anti-rabies vaccine. Our study provides evidence of safety and clinical 
efficacy of HRIG for category III animal exposures and supports its continued usage.
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Introduction

Animal exposures among humans is a public health problem, 
posing an impending threat of rabies to over 3.3 billion people 
worldwide.1 These exposures occur largely in the underserved 
populations, both in rural and urban areas, and have been 
documented for more than 4000 years.2 They are mostly seen 
in Africa and Asia, where a close habitation of large human and 
dog populations is reported.3

The World Health Organization’s SouthEast Asia region, 
which includes Bangladesh, Bhutan, Democratic People’s 
Republic of Korea, India, Indonesia, Maldives, Myanmar, 
Nepal, Sri Lanka, Thailand, and Timor-Leste, have reported 
the most animal exposures worldwide, with 1.4 billion people 
at risk.4 Therefore, in these countries, whenever there is an 
exposure to an animal that is suspected or confirmed to be 
rabid or when there is doubt about the circumstances that led 
to the exposure, post-exposure prophylaxis (PEP) should be 
initiated immediately and completed to prevent rabies.5

In category III animal exposures, defined as single or multi-
ple transdermal bites, scratches or licks on broken skin, and 
contamination of mucous membrane with animal saliva, the 
PEP consists of a thorough wound wash with soap and water, 
followed by the application of a virucidal agent to reduce the 
viral inoculum, a complete course of post-exposure anti-rabies 
vaccination to induce antibodies that prevent the risk of the 

virus entering the peripheral nerves and a timely infiltration of 
rabies immunoglobulin (RIG) to neutralize the virus at the 
wound site.6,7

If the modern anti-rabies vaccines are given immediately 
after the bite, they are capable of producing neutralizing anti-
bodies with a sero-positive titer of ≥0.5 IU/ml in the bitten 
person only after 7–14 days from the first dose of vaccine, thus 
leaving the person vulnerable to rabies during this window 
period.8,9 Therefore, the infiltration of RIG into and around 
all the wounds in category III exposures serves to neutralize the 
virus at the site of the bite and save the life of the victim.10

Rabies immunoglobulins have proved their efficiency when 
administered at the site of viral entry (wounds/exposed areas) 
in association with a rabies vaccine. There are two types of 
RIGs available viz. equine rabies immunoglobulin (ERIG) and 
human rabies immunoglobulin (HRIG).

Human rabies immunoglobulin (HRIG) is prepared from 
the pooled plasma of human donors who are hyper- 
immunized with a rabies vaccine. Since HRIG is homologous 
in origin, it is relatively free from the side effects encountered 
with a serum of heterologous origin (such as ERIG) and pro-
vides passive immune protection at half the dose of ERIG 
owing to a longer half-life of 21 days.7

The human rabies immunoglobulin (HRIG) manufactured 
by CSL Behring, Germany, has been used for PEP against 
rabies in many countries across the globe since 1992. The 
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present study was conducted to substantiate the existing evi-
dence of its safety and clinical efficacy in the PEP of category III 
animal exposures across all ages.

Materials and methods

We conducted a prospective study from January 2021 to 
December 2021 at The Kempegowda Institute of Medical 
Sciences (KIMS) Hospital and Research Center, Bangalore, 
India, after clearance from the institutional ethics committee. 
Our study included 123 category III animal bite victims who 
presented to the anti-rabies clinic in the hospital for PEP.

Sample size

The sample size was calculated based on the incidence of 
adverse events (AEs) in subjects with category III animal expo-
sures who received HRIG in a recent study, i.e. 16.7%.11 

Assuming a confidence interval of 95%, α = 0.05, and absolute 
precision (d) of 10%, the sample size was calculated as follows: 

n ¼
Z α=2ð Þ

2 pq

d2 ¼
1:96ð Þ

2
� 0:167� 0:833

0:01
¼ 53:42 

Using the design effect of 2, 53.42 × 2 = 106.84, and assum-
ing a 15% non-response rate, 106.84 + 16.02 = 123. n = sample 
size; Z = level of confidence according to the standard normal 
distribution; for a level of confidence of 95%, it is 1.96; p =  
16.7% (AE); q = 1-p (83.3%); d = 10% (absolute precision).

Data collection

We enrolled 123 apparently healthy male and female subjects of 
any age with category III animal exposures who signed the written 
informed consent to participate in the study. Those with a history 
of prior animal exposures, rabies vaccination, or rabies immuno-
globulin administration, those with a history of allergy to chicken 
egg, vaccines, or any other medicines, and persons with preexist-
ing medical illnesses, immunocompromised status, and pregnant 
or lactating women were excluded from the study.

A detailed history was recorded including the socio- 
demographic profile and the details of animal exposure, such 
as the type of animal and whether the attack was provoked or 
unprovoked. Bites inflicted on a person attempting to feed or 
handle an apparently healthy animal were regarded as pro-
voked. An unprovoked attack indicates that the animal was 
more likely to be rabid. Simultaneously, a history of current or 
past medical issues, past medications, and allergy to any med-
icines were also noted. A detailed clinical examination was 
conducted to evaluate all the wounds present in the study 
subjects. The number and site of the wounds (viz. upper 
limb, lower limb, head, neck, trunk, and abdomen) and their 
severity (viz., abrasions, lacerations, and punctured) were 
recorded. The size of each wound was measured at its max-
imum length by a non-stretchable measuring tape. For patients 

who had multiple sites of exposure, different types of wounds, 
and different size of wounds per patient, the size of only the 
largest wound was recorded for analysis.

PEP was provided to all the study subjects according to the 
National guidelines.7 It included a thorough wound wash with 
soap and running water for 10–15 minutes, irrespective of any 
wound care given before presentation to the hospital, and 
a complete course of intramuscular anti-rabies vaccination by 
the Essen regimen, i.e. one dose each, on days 0, 3, 7, 14, and 28. 
A simultaneous infiltration of HRIG was done on day “0”, in 
a single dose not exceeding 20 IU/kg body weight into all the 
wounds, as was anatomically feasible, i.e. until it oozes out of the 
wound, indicating a successful infiltration. Any remaining volume 
was injected deep intramuscularly away from the site of vaccina-
tion. For multiple or extensive wounds, the calculated dose of 
HRIG was diluted with normal saline as was clinically required 
and infiltrated to cover all the wounds. The doses of HRIG needed 
for infiltration of bite wounds were recorded for all the patients.

The human rabies immunoglobulin (HRIG) Berirab P, 
available in 2 ml prefilled syringe, manufactured by CSL 
Behring, Germany, and marketed in India by Bharat Serums 
and Vaccines Ltd. with potency of 150 IU/ml of market Batch 
No. P100123647, with manufactured date 06.2019 and expiry 
date 05.2022, was used in this study.

All the patients were assessed for AEs following PEP. The 
subjects were observed for an hour to record possible immedi-
ate solicited local AEs such as pain, erythema, pruritus, and 
induration and/or systemic reactions like shivering, malaise, 
asthenia, faintness, dizziness, headache, myalgia, arthralgia, 
nausea, abdominal pain, and hypersensitivity or allergic reac-
tions such as urticaria, rash, and anaphylaxis.

Follow-up cards indicating the dates for the next doses of 
vaccination were issued to all the patients to note down unso-
licited late AEs such as itching, fever, serum sickness, arthralgia, 
and any others. These cards were checked during subsequent 
hospital visits on days 3, 7, 14, 28, and 180. Each instance was 
counted as a separate event, even if the patient reported the 
same even more than once during the 6-month period.

The causality and severity of the AE was adjudicated by the 
principal investigator (physician).

The AEs were graded as Mild (Grade 1) - with noticeable 
discomfort without interference with daily activities; Moderate 
(Grade 2) - which interferes with daily activities; and severe 
(Grade 3) - which prevents daily activities.

All the study subjects were followed up via phone calls every 
month after complete PEP, and at the end of 6 months, they 
were called to the hospital to confirm their health and survival 
status. Those who were unable to come to the hospital were 
visited at their homes. The survival of the exposed persons after 
the completion of the rabies PEP and beyond the usual incuba-
tion period of the disease, i.e., six months, is an indicator of the 
clinical efficacy of the treatment.

The data collected was statistically analyzed using MS Excel 
and IBM-SPSS statistics software package version 21.0. The 
frequency and percentages were computed for analyzing the 
AEs, and chi-square test was used to find out the relationship of 
AEs to different characteristics of the study subjects.
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Results

The present study included 123 subjects with category III 
animal exposures across all age groups. Most of them (56.1%) 
were children; 32.5% were adults; and 11.4% were elderly. The 
majority of the bites were from dogs (92.7%), followed by cats 
(4.9%) and monkeys (2.4%). The bites in the study subjects 
were present on lower limbs (39.1%), upper limbs (23.6%), 
head, neck, and face (17.8%), trunk (7.3%), and some had 
bites on multiple sites (12.2%). The most common type of 
wound was abrasions (43.9%) followed by lacerations (35.8%) 
and punctured wounds (20.3%). The wound size varied from as 
small as <0.1 cm to as large as >10 cm, with most of the wounds 
being 1–5 cm in size (55.4%) (Table 1).

HRIG was infiltrated locally into or around the wound in all 
the subjects. Additionally, in some patients, the HRIG remain-
ing after infiltration was administered deep intramuscularly at 
a site away from the anti-rabies vaccination (Table 2).

Among the 123 study subjects, 14 (11.4%) reported minor 
AEs. The common local AEs were pain at the injection site, 
erythema, itching and the systemic AEs included fever, malaise, 
headache and body ache (Table 3). All the AEs were mild in 
nature and subsided spontaneously and completely, without 
any complications. Some (3.2%) patients had applied irritants 
like lime, turmeric and coffee powder before coming to the 
clinic but none of them reported any AEs after PEP.

The age of the patients and the type of concomitant vaccine 
used did not have a significant correlation with the occurrence of 
the AEs; however, the dose of HRIG administered was signifi-
cantly associated with occurrence of local AEs (Table 4). None of 
the study subjects reported a severe AE or an AE leading to 
discontinuation of the study. There were no missed visits or 
dropouts during the course of the study.

In the present study, all the subjects were healthy and alive 
throughout the period of 6 months after receiving PEP, thereby 
proving the clinical efficacy of HRIG when used along with the 
vaccine.

Discussion

Passive immunization has been an essential component of 
PEP to prevent rabies since decades. From the first 
recorded preparation of rabies immune serum described 
by Babes & Lepp in 1889, to WHO adapting its guidelines 
in 1957, recommending a combination of a single serum 
application and a course of 14 daily vaccinations as the 
optimal post-exposure treatment, multiple studies have 

Table 1. Details of exposure among study subjects (n = 123)*.

Details of exposure Frequency Percentage

Biting animal: 
Dog
● Stray
● Pet

Cat 
Monkey

114 
79 
35 
6 
3

92.7 
69.3 
30.7 

4.9 
2.4

Circumstance of bite: 
Provoked 
Unprovoked

43 
80

34.9 
65.1

Type of wound: 
Abrasion 
Laceration 
Punctured wound

54 
44 
25

43.9 
35.8 
20.3

Size of wound: 
<1 cm 
1–5 cm 
>5 cm

50 
68 
5

40.6 
55.3 

4.1
Site of Exposure: 
Lower limb 48 39.1
Upper limb 29 23.6
Head, neck, and face 22 17.8
Trunk 9 07.3
Multiple sites 15 12.2
Wound wash practiced: 
Yes 
No

95 
28

77.2 
22.8

*For patients who had multiple sites of exposure, different types of wounds, and 
different size of wounds per patient, the size of only the largest wound was 
recorded for analysis.

Table 2. Usage of rabies immune biologicals (n = 123).

Rabies immune biologicals Frequency Percentage

Anti-rabies vaccine used: 
PCECV 
PVRV

59 
64

48 
52

Site of HRIG administration: 
Local 
Local and systemic

99 
24

80.5 
19.5

Median volume of HRIG infiltrated into the wound (ml):
<1 cm (n = 50) 
1–5 cm (n = 68) 
>5 cm (n = 5)

1.1 (0.7–1.9) 
2.5 (2–3.1) 

5.2 (3.2–7.4)

PCECV Purified chick embryo cell vaccine; PVRV purified vero cell rabies vaccine.

Table 4. Adverse events related to different characteristics of the study subjects.

Adverse events Present Absent
X2, 

p-value

Age: 
<18 years (n = 69) 
18–60 years (n = 40) 
>60 years (n = 14)

8 (11.6) 
4 (10) 

2 (14.3)

61 (88.4) 
36 (90) 

12 (85.7)

0.196; 
0.90

Concomitant vaccines: 
PCECV (n = 59) 
PVRV (n = 64)

8 (13.5) 
6 (9.4)

51 (86.5) 
58 (90.6)

0.533; 
0.46

Site of HRIG administration: 
Local (n = 99) 
Both local and Systemic (n = 24)

10(10.1) 
4 (16.6)

89 (89.9) 
20 (83.4)

0.826; 
0.36

Dose of HRIG administration:
0.7–1.9 ml (n = 50) 4 (80) 46 (20) 12.36;
2–3.1 ml (n = 68) 7 (10.3) 61 (89.7) 0.002
3.2–7.4 ml (n=5) 3 (60) 2 (40)
Timing of adverse events:
Immediate 14 109

Figures in parenthesis indicates percentages; HRIG: human rabies immunoglobu-
lin; X2  = chi-square value.

Table 3. Number of adverse events following post exposure prophylaxis.

Types of adverse events* Frequency Percentage

Local:
Pain 5 4.1
Erythema 2 1.6
Itching 2 1.6
Systemic:
Head ache 2 1.6
Body ache 1 0.8
Fever 1 0.8
Malaise 1 0.8
Total 14 11.4

*Multiple response.
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proven the efficacy of combined administration of vaccine 
and serum after animal bite.12–14 The benefit of RIG in 
combination with vaccination in PEP of patients with 
severe bite wounds has since then been established as 
scientific evidence.9–15–17

Hosty et al.18 in 1959 and Winkler, Schmidt & Sikes19 in 1969 
described efforts to prepare rabies immune globulin of human 
origin, further to which, a study by Cabasso et al.20 led to a dose 
of 20 IU/kg proven to provide early protection without interfer-
ing with the active antibody response to anti-rabies vaccination.

The present study was conducted as a post-marketing eva-
luation of Berirab P, since there were no published studies on 
this therapy despite more than 30 years of its usage. Our study 
provides the clinical evidence of the safety and efficacy of HRIG 
in combination with a full course of anti-rabies vaccination for 
PEP and contributes for the evidence supporting the use of 
HRIG in all category III animal exposures. The study subjects 
were representative of both sexes and varied age groups. The 
incidence of AEs was found to be 11.4%, and all were mild in 
nature and subsided spontaneously without any complications.

These findings are similar to other studies evaluating differ-
ent rabies immunoglobulins/rabies monoclonal antibodies for 
passive immunization. A phase 3, randomized, non-inferiority 
trial evaluated the anti-rabies monoclonal antibody cocktail 
(twinrabtm) and HRIG in 308 patients of category III exposure 
from a suspected rabid animal. 27.7% patients from the anti-
body cocktail group and 21.1% from the HRIG group experi-
enced local reactions during the study. Most of these reactions 
were local, such as pain and swelling, in both the groups. All 
the AEs subsided without complications.21

In another study, a human monoclonal antibody against 
rabies virus glycoprotein G, developed by recombinant DNA 
technology, was administered to 199 subjects. A total of 461 
AEs were reported, of which 83.7% were solicited events and 
16.3% were unsolicited events, all of which were found to be 
unrelated to the product under study. There were no serious 
AE reported during the study period.22 A study from USA also 
showed that HRIG was well tolerated and safe for PEP admi-
nistered concomitantly with rabies vaccine.23

Likewise, a study of safety and efficacy of rabies immuno-
globulin in 30 children with suspected exposure showed no 
serious AEs. Twelve subjects experienced a total of 13 AEs 
deemed treatment-related.24 Similarly, in Odisha, India, 
a comparative safety study of ERIG and HRIG in children at 
a tertiary care hospital showed that 42.2% in the ERIG group 
had AEs, whereas only 5% in the HRIG group developed AEs, 
and the difference was statistically significant.25

In our study, all the subjects recovered completely and were 
alive at the end of the study period of 6 months after receiving 
PEP, proving the clinical efficacy of HRIG in PEP. The efficacy 
of HRIG in the present study is consistent with the real-world 
usage results for this product at our center, where it has been 
used for more than two decades. The efficacy is consistent with 
the results of other studies, including one from Bangalore, 
India, with 717 subjects having category III animal exposures, 
and another study on 95 subjects.10,26

Our study was limited by logistical issues which prevented 
the follow-up of the biting animals to ascertain if they were 
rabid. Likewise, the Rabies Virus Neutralizing Antibody 

(RVNA) analysis for the immunogenicity of the anti-rabies 
vaccine could not be done due to the costs involved. 
However, as the maximum incubation period of rabies is 6 
months, the survival status of all the study subjects beyond 6 
months was indicative of the clinical effectiveness of the PEP 
administered.

In conclusion, this study provides robust evidence of the 
safety and clinical efficacy of human rabies immunoglobulin in 
category III animal exposures and supports its continued usage 
to prevent rabies in humans.
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