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Despite availability of effective rabies vaccines, India has the highest global mortality rate for rabies. Low socio-
economic communities are most affected due to lack of awareness of the disease and poor compliance to post-
exposure prophylactic regimens. Currently, the only approved intramuscular regimen for post-exposure prophylaxis
(PEP) against rabies in India is the Essen regimen, which consists of 5 injections administered over 5 separate days in a
period of one month. The high number of doses and clinical visits, however, are major reasons for non-compliance, and
thus a shorter regimen would be beneficial. In a simulated PEP trial in healthy, adult subjects, this study evaluated
whether purified chick embryo cell vaccine (PCECV), administered according to the WHO-recommended 4-dose/3 visit
Zagreb vaccination regimen is of equal immunogenicity and safety as the standard Essen regimen in Indian subjects.
Two hundred and 50 healthy adults were enrolled and randomized into a Zagreb or Essen group, each receiving PCECV
according to their respective regimen. Blood samples were collected on Days 0, 7, 14 and 42 and analyzed using the
rapid fluorescent focus inhibition test (RFFIT). By Day 14, all subjects across both groups attained rabies virus
neutralizing antibody (RVNA) concentrations of � 0.5IU/ml. The Zagreb regimen was then demonstrated to be
immunologically non-inferior to the Essen regimen by Day 14, which was the primary endpoint of the study. No safety
issues were noted and the occurrence of adverse events was similar in both groups (17% and 15%, respectively).
NCT01365494. CTRI No.: CTRI/2011/07/001857

Introduction

Rabies is a fatal viral encephalomyelitis which, while incur-
able, can be prevented through effective pre- or post-exposure
vaccination and timely administration of immunoglobulins.1

Exposure to rabid animals is estimated to result in 60,000 deaths
globally each year, primarily in African and Asian countries.2 Of
these, India has the highest annual mortality at over 20,000
deaths per year, mostly from poor or low-income communities.2

Poverty, and lack of awareness of the disease or of the importance

of initiating immediate post-exposure prophylactic (PEP) meas-
ures, are the primary reasons for the high incidence of rabies.3

After the onset of clinical symptoms, rabies is almost invari-
ably fatal with survival lasting only from a few days to weeks.4,5

However, PEP treatment instituted as soon as possible after a
rabies virus exposure (e.g. an animal bite) is highly effective in
preventing the disease. In rabies-endemic countries such as India,
dog bites are the primary source of human infection and thus
PEP should be administered as soon as possible after an
exposure.3
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Purified Chick Embryo Cell Vaccine (PCECV; Rabipur�,
Novartis Vaccines) is a highly purified, potent and efficacious
vaccine recommended by the World Health Organization
(WHO) for both pre- and post-exposure prophylaxis against
rabies.6 It is one of 3 cell culture rabies vaccines currently avail-
able in India for pre- or post-exposure prophylaxis (intradermal
or intramuscular); the other 2 being Purified Vero Cell Rabies
Vaccine (PVRV), and Human Diploid Cell Rabies Vaccine
(HDCV). At present, the only intramuscular (IM) regimen
approved in India is the Essen (1–1–1–1–1) regimen, which is a
schedule that consists of 5 IM injections of anti-rabies vaccines
administered on Days 0, 3, 7, 14 and 28.2,7 Unfortunately,
despite the availability of effective rabies vaccines in both the gov-
ernment and private sector, rabies continues to claim lives in
India.7 The cost and duration of the PEP regimen frequently
results in preventative interventions either not being adopted at
all or not being completed.3,8,9

The four-dose Zagreb (2–1–1) IM regimen (consisting of 2
doses on Day 0, followed by one dose each on Days 7 and 21) is
an alternative vaccination regimen also recommended by the
WHO that has been implemented in other countries for many
years.10–12 It involves administration of only 4 doses of rabies
vaccine over 3 weeks, and thus it is relatively less expensive as
well as more convenient than the Essen regimen.13 These are
both important factors to consider since one of the reasons for
treatment failure is lack of compliance.14 Should a shorter and
equally effective immunization regimen be implemented, it can
be expected that patient compliance would be significantly
improved. To date, while the Zagreb (2–1–1) rabies regimen has
already been evaluated in other countries.10-12 its immunogenic-
ity in an Indian population has not yet been established. Under-
standing a vaccine’s safety and immunogenicity in different
demographic populations is important, especially in India where
the risk of contracting rabies is particularly high. In the present
simulated post-exposure study, the aim was thus to verify that
PCECV administered according to the Zagreb (4-dose) regimen
is as immunogenic and safe as the Essen (5-dose) regimen in
healthy Indian adults.

Results

A total of 250 healthy Indian adults were enrolled at 3 anti-
rabies clinics and randomized into 2 groups: a Zagreb and an
Essen Group. At the time of enrolment, no significant differences
in age, weight, or male/female ratio were apparent between the
groups (see Table 1). The majority (244/250; 98%) of subjects
received their vaccinations and provided blood samples on the
correct days (windows for blood draws: Days 7–8, 14–15, and
40–45). Six subjects (2%), however, had major protocol devia-
tions: 2 in the Zagreb group and 4 in the Essen group. Of these,
one subject (Essen group) failed to provide a blood sample within
the Day 42 window (Days 40–45; they were thus excluded from
immunogenicity analysis on this day only), one subject withdrew
consent, 3 subjects were lost to follow up, and one subject

withdrew due to an adverse event. Ultimately, 245 subjects com-
pleted the study (see Figure 1 for Subjects and Study Design).

Immunogenicity analysis
The main aim of this study was to establish that PCECV

(Rabipur�, Novartis Vaccines), administered according to the
Zagreb (2–1–1) PEP regimen is immunologically non-inferior to
the conventional Essen (1–1–1–1–1) regimen on Day 14.

Blood samples (approximately 5 mL) for immunogenicity
analysis were collected from all available subjects on Days 0, 7,

Table 1. Demographics of enrolled subjects

Zagreb Essen Total

N D 126 N D 124 N D 250

Age (Years) 29.1 § 8.8 27.2 § 7.3 28.2 § 8.1
Mean Weight (Kg) 58.83 § 11.60 58.05 § 12.61 58.44 § 12.09
Sex

Male 72 (57%) 66 (53%) 138 (55%)
Female 54 (43%) 58 (47%) 112 (45%)

Figure 1. Flow chart of study design for Groups Zagreb and Essen.
Excluded subjects are noted in the white boxes. Abbreviations: AE,
adverse event; LTF, lost to follow-up; WC, withdrew consent.
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14, and 42. RVNA concentrations were measured with the rapid
fluorescent focus inhibition test (RFFIT)15 and the results of this
assay were expressed as: 1) RVNA geometric mean concentra-
tions (GMCs), 2) geometric mean ratios (GMRs) i.e. the ratio of
GMCs between the study groups, and 3) percentage of subjects
attaining RVNA concentrations of � 0.5 IU/ml (the universally
accepted surrogate end-point for protection against rabies). This
antibody titer, which is globally accepted, was established by the
WHO as evidence of an immune response in humans against the
rabies virus using a serum neutralization test with a standard chal-
lenge virus strain. It was selected based on early studies examining
virus neutralization titers in human subjects vaccinated with cell
culture vaccines at the Center for Disease Control and Prevention
(CDC).16,17

Antibody responses (GMCs) to PCECV for each group were
measured on Days 0, 7, 14 and 42 (Table 2) and the ratio of
GMCs between the Zagreb and Essen Groups (GMRs) at each
of these time points are shown in Figure 2.

Figure 3 shows the percentages of subjects attaining RVNA
concentrations (GMCs) � 0.5 IU/mL on Days 0, 7, 14 and 42.
On Day 7, a higher percentage of subjects in the Essen
Group attained GMCs � 0.5 IU/mL (97%) compared to the
Zagreb Group (74%). On Days 14 and 42, however, 100%
of subjects in both groups (Zagreb and Essen) attained GMCs

�0.5 IU/mL. A few subjects in both groups (n D 8 [6%] and
n D 11 [9%] of subjects in the Zagreb and Essen groups, respec-
tively) exhibited RVNA concentrations � 0.5 IU/mL on Day 0
(RVNA concentration range: 0.8–1.2 for the Zagreb group and
0.8–1.5 for the Essen group). The reason for this is unclear since
subjects with prior history of rabies vaccination were excluded
from the study.

On Day 0, the ratio of GMCs between the vaccine groups
(Essen to Zagreb group) was 0.92, which confirmed that the base-
line GMCs for each vaccine group were comparable (Table 2,
Fig. 2). On Day 7, the Essen-to-Zagreb group GMR, however,
dipped to 0.38 (95%CI 0.3–0.48). Yet by Day 14, non-inferiority
of the Zagreb compared to the Essen regimen was statistically
established i.e., the lower limit of the 2-sided 95% CI for the
GMRs between the groups (Zagreb/Essen) was greater than 0.667
(Fig. 2, Table 2; GMR D 1.03; 95% CI 0.89–1.19). Since the
95% CI fell completely within the interval (0.667, 1.500), the 2
treatments were shown to be equivalent based on this non-inferi-
ority margin. GMCs from Days 0 to Day 14 for each center were
also documented (see Supplementary Table 1) to determine
whether there were any significant variations between different
study sites. As can be seen in this table, the mean GMC in the
Essen group was numerically higher at Center 3 on Day 7 while

Table 2. RVNA GMCs and GMRs for the Zagreb and Essen Groups (95 % CI) on Days 0, 7, 14 and 42

Regimen Zagreb
N D 126

Essen
N D 123

Vaccine Group Ratios
Zagreb : Essen

Day 0 0.091
(0.077–0.11)

0.099
(0.084–0.12)

0.92
(0.72–1.17)

Day 7 0.66
(0.55–0.78)

1.74
(1.46–2.07)

0.38
(0.3–0.48)

N D 125 ND 123
Day 14 12

(11–13)
12

(11–13)
1.03

(0.89–1.19)
N D 124 ND 123

Day 42 15
(14–16)

16
(15–17)

0.96
(0.86–1.07)

N D 124 ND 121

Figure 2. The ratio of GMCs between the Zagreb and Essen Groups
(GMRs) on Days 0, 7, 14 and 42. Dashed line signifies threshold for statis-
tical non-inferiority (GMR > 0.667).

Figure 3. Percentages of subjects (95% CI) attaining RVNA GMCs �
0.5 IU/mL on Days 0, 7, 14 and 42.
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the mean GMC on Day 14 in this same group was numerically
higher at Center 1. The baseline (Day 0) GMCs across centers
and groups, however, were comparable. The reason for the numer-
ical differences between centers on Days 7 and 14 is unclear.

Safety
All adverse events (AEs) were collected as unsolicited AEs

(Table 3). Information on AEs was collected for 7 d following
administration of each study vaccination or until the time of the
next vaccination (whichever occurred sooner). No immediate sys-
temic hypersensitivity reactions (within 30 minutes) were
reported after any of the vaccination doses. Overall, AEs, whether
considered related to the vaccine or not, were reported by 17%
and 15% of subjects in the Zagreb and Essen Groups, respec-
tively. Of these, possibly related AEs were reported by 4% and
11% of subjects in the Zagreb and Essen Groups, respectively.

The most commonly reported possibly related AEs in both the
Zagreb and Essen regimens were pain at the injection site (2%
and 7% of subjects respectively) and fever (2% of subjects in
each regimen). No severe AEs (SAEs) or deaths occurred in the
study. However, one subject from the Essen regimen withdrew
from the study on Day 9 due to reported AEs (chills, pain at
injection site and fever).

Discussion

Rabies is a fatal neurological disease transmitted to humans
primarily by infected dogs, and while there is no cure once clini-
cal symptoms set in, the disease is preventable by PEP measures
including vaccination against rabies. Cell culture PEP vaccina-
tions are effective with an acceptable safety profile, and have been
available in India since the 1980s.1 For treatment to be most suc-
cessful, however, compliance with the recommended immunisa-
tion regimen is critical. Unfortunately, due to lack of awareness
or knowledge about rabies PEP, combined with the cost of vacci-
nation and the need for repeated visits to a health clinic, rabies
PEP vaccinations have been poorly adopted in India.8,9 Conse-
quently, India continues to have the highest annual worldwide
mortality from rabies.2,3,8 Ultimately, a simpler rabies vaccina-
tion regimen with fewer injections would be an enormous bene-
fit. Currently, while both the 5-dose Essen immunization

regimen and the 4-dose Zagreb regimen are recommended by
the WHO for PEP against rabies,2 only the Essen regimen is cur-
rently approved for IM administration in India.7

The effectiveness of the 4-dose Zagreb regimen was first inves-
tigated by Vodopija et al in 1986.18 In their report, they com-
pared the immunogenicity of 4 different cell culture vaccines
(including PCECV) administered post-exposure according to the
Zagreb regimen. In their study, each PEP vaccine resulted in
100% subjects attaining high RVNA levels (� 0.5 IU/mL) by
Day 14. This four-dose regimen was subsequently endorsed by
the WHO in 1992.19 Numerous studies over the years have
served to verify that cell culture vaccines administered under the
Zagreb regimen are immunogenic with an acceptable safety pro-
file.10-12,18,20-22 However, only a few have directly compared the
immunogenicity and safety of the Zagreb vs. the Essen
regimen.12,18

The primary finding in the present study was that vaccination
with PCECV according to the Zagreb regimen was equally as
effective as the conventional Essen vaccination regimen in healthy
Indian subjects. A minimum RVNA concentration of 0.5 IU/ml
serum, measured by the RFFIT, is a WHO-recommended and
widely accepted criterion indicating adequate immunity against
rabies; and in healthy subjects this level is typically achieved by
Day 14 of a PEP regimen.2 A small percentage of subjects (6%
and 9% in the Zagreb and Essen group, respectively) enrolled in
this study already exhibited RVNA titers > 0.5 IU/ml at baseline
(Day 0). Given that there was no history of prior exposure to a
suspected rabid animal or vaccination against rabies, the reason
for these baseline elevated RVNA titers is unclear.

Overall, however, on Day 14, the primary objective of the
study was achieved by demonstrating that antibody responses in
healthy subjects following administration of PCECV according
to the Zagreb regimen were statistically non-inferior to those fol-
lowing the Essen regimen (RVNA titers � 0.5 IU/ml in both
groups). On Day 7, the rate of subjects achieving RVNA titers
� 0.5 IU/ml was numerically lower in the Zagreb (74%) com-
pared to the Essen (97%) group. However, the number of sub-
jects attaining this level for the Zagreb Group on Day 7 in this
study is similar to, or indeed higher than, previous studies at this
same time point using the same regimen and vaccine.12,18 While
such comparisons can be informative, it should be noted that
between-study antibody concentrations can only be considered as
indicative, due to differences in population characteristics and
laboratory variations. The results, nevertheless, are consistent
with the time delay expected before an individual mounts an
appropriate immune response to the rabies virus. Hence, the
WHO recommends Rabies Immunoglobulins (RIG) to be
administered immediately, and concurrently with PEP, following
Category 3 exposures (single or multiple transdermal bites or
scratches, licks on broken skin or contamination of mucous
membranes with the animal’s saliva) to offer protection during
this initial period of post-exposure vaccination. Certain stud-
ies, however, have indicated that human RIG has a greater
immunosuppressive effect on rabies vaccine-induced antibody
formation when administered according to the Zagreb (2–1–
1) than to the Essen (1–1–1–1–1) regimen.10,22,23 And

Table 3. Summary of Possibly Related Adverse Events (AEs)

Possibly Related AEs

Regimen Zagreb Essen

N D 126 N D 123
Any AE 5 (4%) 13 (11%)
Diarrhea 0 1 (1%)
Chills 1 (1%) 0
Injection site pain 3 (2%) 8 (7%)
Pyrexia 3 (2%) 3 (2%)
Myalgia 1 (1%) 1 (1%)
Sensation of heaviness 0 1 (1%)
Dizziness 0 1 (1%)
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although debatable, one study has suggested that equine RIG
be used in preference to human RIG when treating a patient
according to the Zagreb regimen since it has less of an immu-
nosuppressive effect.23 Human RIG is also much more expen-
sive and thus primarily used in industrialized countries.2 In
the present clinical trial, RIG was not administered to any of
the subjects since the study population consisted of healthy,
non-exposed individuals.

Ideally, the rabies PEP regimen should be as short as possible
in order to maximize compliance. Researchers are therefore con-
tinuing to investigate new methods for simplifying rabies vacci-
nation regimens. While evidence exists that even fewer
vaccinations may be effective in preventing rabies,20 and while
shorter post-exposure regimens (e.g., Two–1) have been recently
proposed,24 more evidence is needed to establish their immuno-
genicity and safety. In the meantime, the Zagreb regimen is a
WHO-approved IM regimen which has been used internation-
ally for many years. In the present study, we provide the first
head-to-head comparison in an Indian population demonstrating
that PCECV administered according to the 4-dose regimen is
comparable to the standard 5-dose Essen regimen in terms of
both safety and immunogenicity. While this study provides
robust short-term data on the Zagreb and Essen regimens, the
present study was not designed to measure persistence of anti-
body concentrations over a long period of time. Children were
also not included in the study because, although they are an “at
risk” age group, they are also considered to be a vulnerable popu-
lation by the ICH-GCP, and thus require special safeguards in
clinical trials. Ultimately, however, adoption of the 4-dose/3-visit
Zagreb PEP rabies immunization regimen as an additional IM
vaccination regimen in India could potentially reduce the current
rate of rabies mortality by improving patient compliance due to
lower medical costs and fewer hospital visits.

Conclusion

To increase patient compliance and reduce mortality from
rabies in India, a shorter but equally immunogenic PEP vaccina-
tion regimen would be desirable. In this study, we have demon-
strated that the Zagreb 4-dose/3 visit rabies vaccination regimen
is non inferior in terms of both immunogenicity and safety, to
the conventional Essen 5-dose/5-visit regimen by Day 14, which
was the primary endpoint of the study, as well as on Day 42,
which was the subsequent and final time point for estimation of
RVNA titers. The subjects attaining RVNA levels of
� 0.5 IU/mL with both regimens was 100% on Days 14 and 42.
Both the schedules were well tolerated and there were no unex-
pected, serious or severe adverse reactions reported.

Materials and Methods

Study design
This Phase IV, randomized, open-label study was conducted

at 3 centers across India between July 2011 and November 2011

(Clinicaltrials.gov identifier: NCT01365494; CTRI number:
CTRI/2011/07/001857) after obtaining approval from Institu-
tional Ethics Committees. Before enrolment, written informed
consent was obtained from all subjects. The study was conducted
according to the Ethical Guidelines for Biomedical Research
issued by the Indian Council of Medical Research, the Interna-
tional Conference on Harmonization (ICH) Harmonized Tri-
partite Guidelines for Good Clinical Practice (GCP), with
applicable local regulations, and in accordance with the Declara-
tion of Helsinki.

The main objective of the study was to establish that PCECV
(Rabipur�, Novartis Vaccines), administered according to the
Zagreb PEP regimen is non-inferior to the conventional Essen
regimen. Antibody responses and the percentage of subjects
attaining RVNA levels of � 0.5 IU/mL with both regimens were
recorded and compared on Days 0, 7, 14 and 42 (see Fig. 1).
Safety data were also collected throughout the study period, and
reported as adverse events (AEs) or severe AEs (SAEs).

Subjects
Two hundred and 50 adults were enrolled in this study. Sub-

jects were included if they were � 18 y in age, in good health,
available for all scheduled visits, and had provided written
informed consent. Subjects were excluded if any of the following
applied: previous receipt of a rabies vaccination; pregnancy or
unwillingness to practice acceptable contraception during the
study; egg protein allergy; hypersensitivity to neomycin or any
other vaccine component; serious acute or chronic infectious dis-
ease or use of antibiotics that may impact the subject’s safety and
/or immunogenicity; fever (� 38.0�C) up to 3 d prior to the
study; receipt of an antimalarial drug up to 2 months prior to the
study; known/suspected immune system impairment (including
HIV or HIV-related disease); use of immunosuppressant drugs
within 6 months of the study; use of systemic or chronic high
potency inhaled corticosteroids within 30 d of the study; receipt
of any other vaccine up to 28 d prior to enrolment; receipt of
blood, blood products and/or plasma derivatives or any paren-
teral immunoglobulin preparation within 12 weeks of the study;
any behavioral, psychological, or cognitive impairment/disease
that interfered with a subject’s ability to participate in the study;
progressive or severe neurologic disorder, seizure disorder or
Guillian-Barr�e syndrome; individuals who were not able to com-
prehend and/or follow all study procedures; simultaneous partici-
pation in any other clinical trial within 30 d of the study; study
personnel or their close family members; planned surgery during
the study; any condition associated with prolonged bleeding; a
malignancy (excluding nonmelanotic skin cancer) or lymphopro-
liferative disorder.

Vaccines and vaccinations
Rabipur� (PCECV; Novartis Vaccines, India) was adminis-

tered into the deltoid region (IM). The lyophilized vaccine (batch
number 2062, Chiron Behring Vaccines Private Limited,
Ankleshwar, Gujarat, India; potency 5.71 IU/dose) was supplied
in a vial with a separate ampoule of clear, colorless, sterile diluent
(water for injection) and a sterile syringe for reconstitution before
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use. One mL of reconstituted vaccine (strain Flury LEP) was
administered at any one time. Subjects were randomized into
either the Zagreb or Essen Group in a 1:1 ratio. The Zagreb
Group received the vaccine according to the Zagreb regimen (4
doses: 2 administered on Day 0 and one administered separately
on Days 7 and 21) while the Essen Group received the vaccine
according to the Essen regimen (5 doses: each administered sepa-
rately on Days 0, 3, 7, 14, and 28).

Immunogenicity analysis
Approximately 5 mL of blood was collected from every sub-

ject on Days 0, 7, 14, and 42 for immunogenicity analysis prior
to any vaccination. Serological evaluations were conducted using
the RFFIT, as advocated by the WHO,2 with some modifica-
tions.15 Analyses were performed at the WHO Collaborating
Center for Reference and Research on Rabies in the National
Institute of Mental Health and Neurosciences (NIMHANS),
Bangalore, India, as described by Kulkarni et al., 2013.25

Safety analysis
All subjects who had received a minimum of one vaccination

and who provided safety data were considered for safety analysis.
Following vaccine administration, all subjects were observed for
at least 30 minutes for any immediate reactions. AEs were then
recorded daily in a diary card for 7 d following each vaccination
or until the time of the next vaccination (whichever occurred
sooner). Any AE, including SAEs, were recorded from the time
of consent until Day 42 (study end). The severity of AEs were
classified as mild, moderate, or severe by the investigator, and the
relationship to the study vaccine was determined as not related,
possibly related, or probably related. All AEs, regardless of sever-
ity or whether related to the study vaccine, were monitored until
resolution. Solicited local and systemic reactions were not
recorded.

Statistical analysis
Approximately 250 subjects were planned for this study to

provide adequate power (90%) for evaluation of the primary
objective, assuming a 10% dropout rate on Day 14. The full
analysis set (FAS) comprised subjects who had received at least
one vaccination and who provided at least one evaluable sample.
The per protocol set (PPS) comprised all subjects who had
received the vaccine correctly, provided an evaluable blood sam-
ple on Day 14, and had no major protocol violations.

Non-inferiority of the Zagreb regimen compared to the Essen
regimen was determined using the PPS on Day 14. Success was
considered to be achieved when the lower limit of the 2-ended

95% CIs on Day 14 for the GMRs between the groups (Zagreb/
Essen) was greater than 0.667. The lower limits of the 2-ended
95% CIs for the GMRs were calculated as follows: an analysis of
variance (ANOVA) model was utilized to compute the difference
between the least square (LS) means of the log-transformed titers
and the associated 2-sided CI (adjusting for center). GMRs and
associated 2-sided 95% CIs were then calculated by exponentiat-
ing (base10) the corresponding log-transformed difference of LS
means from the model and associated 2-sided 95% CIs. All statis-
tical calculations were performed using nQuery Advisor 6.01 and
the significance level was 0.025 (one-sided).

The percentage of subjects achieving RVNA levels of
�0.5 IU/ml and GMCs on Days 0, 7, 14 and 42 were performed
on the FAS and were analyzed descriptively. No formal statistical
analyses were performed on these data.
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