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The aim was to compare the safety and immunogenicity of purified chick embryo cell vaccine (PCECV) with Zagreb
2-1-1 and Essen 1-1-1-1-1 regimens in patients with WHO category Il exposure in China. Side effects including systemic
and local symptoms were recorded for all patients during vaccination with purified chick embryo cell vaccine (PCECV)
under Zagreb 2-1-1 or Essen 1-1-1-1-1 regimens, and the rabies neutralization antibody titers in patients’ serum at days
0, 7, 14, 45, 365 post-immunization were measured to determine the immunogenicity. Fever and pain were the most
common events for systemic and local symptoms respectively, and most side effects (86.78%, 105/121) occurred after
the first dose of vaccination. Safety analysis showed differences in side effects in <5-year-old patients between Zagreb
and Essen regimens, especially after the first dose of vaccination (P = 0.043). Immunogenicity analysis indicated that
Zagreb can achieve higher neutralization antibody titers and a greater seroconversion rate in a shorter time but had less
persistence than Essen. When compared with the Essen regimen, the Zagreb regimen had a different immunogenicity in
all study subjects, and different safety profile in young children, and a further study with a larger population and longer

surveillance is warranted.

Introduction

Rabies is a serious public health problem throughout the
world. It is caused by RNA viruses of the family Rbabdoviridae,
genus Lyssavirus,' and is capable of causing disease that almost
invariably results in death following the development of clinical
symptoms.” Rabies can infect humans through animal bites,
and causes more than 55000 deaths each year worldwide,’ with
an average of 2037 cases per year in China.® In recent years,
although the rabies vaccines are widely used in most countries,
the reported rabies cases are still increasing dramatically.*

Based on many years of experience, immunization of animals
with recombinant rabies virus vaccines and post-exposure
treatment using rabies vaccine have proved to be the most
important methods to prevent and control rabies infection.
However, for ethical, economic, and administrative reasons, it
is difficult to conduct a large-scale vaccine campaign in animals
in China. Thus, post-exposure treatment with reliable vaccines
and a scientific regimen is thought to be more important
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for controlling rabies infection in human. Nowadays, the
intramuscular post-exposure prophylaxis recommended by the
World Health Organization (WHO) includes the Essen five-
dose regimen and the Zagreb four-dose regimen.>® Although
the WHO has recommended several different regimens
or post-exposure prophylaxis, individual countries decide
on protocols for local use” In China, the traditional Essen
regimen has been formally approved and recommended since
1980, and is commonly used in China, including Wuhan city.
Previous studies have proved that the Zagreb 2-1-1 regimen is
equivalently effective, yet more economical.’ The purpose of the
present study was to examine the safety and immunogenicity of
vaccination with purified chick embryo cell vaccine (PCECV),
a newly approved commercial vaccine, under a Zagreb 2-1-1
regimen, and in particular, in an all-aged population for up to
1-y post-immunization.

In May 2010, PCECV was ratified by the Chinese State Food
and Drug Administration using the 2-1-1 regimen in healthy
Chinese volunteers,’” which was thought to be a suitable option
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Table 1. Safety comparison between the Zagreb and Essen regimens used in patients with WHO category Il exposure to rabies

Zagreb Essen P
60+ 60+
0-5y old* 6_01|: 19;|5d9 years Total 0-5yold* 6_o1|3 ! 9;;9 years Total
y y old y y old
Sex, M/F 11/14 15/17 18/20 15/22 59/73 12/16 17/12 18/19 14/18 61/65 0.907
Mean age (SD)* 41.92 15.22 46.26 73.49 38.13 37.18 14.48 43.68 69.56 35.83 0.459
9 Mee)m | 312y | (11.12)y | 737y | 27.08)y | (1253)m | 284y | 11.76)y | (581)y | (26.48)y :
Systemic symptoms
(occurring during first 16(15) 5(5) 2(2) 4(4) 7(26) 12(10) 3(3) 2(2) 3(3) 20(18) 0.341
immunization)*
Fever 12 1 1 1 15 8 2 1 1 12
Malaise 0 2 1 2 5 0 0 0 2 2
Allergy 1 1 0 0 2 2 0 1 0 3
Restlessness 0 1 0 0 1 1 1 0 0 1
Nausea and vomiting 2 0 0 0 2 1 0 0 0 1
Diarrhea 1 0 0 1 2 0 0 0 0 0
Local symptoms
(occurring during first 5(5) 14(12) 5(4) 16(13) 0(34) 5(5) 13(9) 4(3) 12(10) 34 (27) 0.556
immunization)*
Pain 1 9 3 11 24 0 10 2 6 18
Induration 2 2 1 0 5 2 1 0 2 5
Edema 1 1 0 1 3 1 1 1 1 4
Tenderness 1 2 1 3 7 1 1 1 3 6
Erythema 0 0 0 1 1 1 0 0 0 1

*Data in brackets show the number of side effects after firstimmunization, which have no significant differences of total side effects incidence between
Zagreb and Essen in systemic symptoms (P = 0.383, 26/27 vs 18/20) or local symptoms (P = 0.529, 34/40 vs 27/34). #Although the difference in side effects
of <5-y-old patients between Zagreb and Essen (P = 0.060, 21/25 vs 17/28) was not statistically significant, it was found to be statistically significant after

the first-dose immunization (P =0.043, 20/25 vs 15/28). +m, months; y, years.

with its favorable immunogenicity and safety profile.® As an
imported commercial vaccine, the immunogenicity and safety in
the Chinese population as a post-exposure prophylaxis under a
2-1-1 regimen remains unknown. Therefore, it is important to
study whether or not PCECV under a 2-1-1 regimen is suitable
for post-exposure Chinese patients, in particular, among different
age groups.

Results

Safety analysis of vaccination

Patient information

A total of 300 patients exposed to animals were enrolled
in this study and were equally divided into 2 groups (Zagreb
group and Essen group). The Zagreb group included 66 males
and 84 females, and the Essen group included 69 males and
81 females. Because of patient preference or exclusion criteria,
42 participants were excluded, and the remaining participants
for both regimens are shown in Table 1. The mean ages of these
2 groups were 38.13 + 27.08 y and 35.83 + 26.48 vy, respectively.
There were no significant age or sex differences between the
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2 groups (P = 0.459 and 0.728, respectively) (Table 1). No patient
was injected with immuneglobulin, and no patient developed
clinical rabies during the study period.

Systemic symptoms

Both Zagreb and Essen groups presented systemic symptoms
(Table 1), in which fever was the most common symptom after
immunization. Most patients with fever were aged below 5 y
(12/15 and 8/12 for Zagreb and Essen, respectively). All patients
with fever recovered within 48 h with or without specific drugs.
The severity of all side effects belonged to class I and IT according
to the “Preventive vaccine clinical trials, adverse events grading
guidelines” issued by the China Food and Drug Administration,
and no adverse events (AEs) occurred during the study. The
allergies in all patients were local hives of class 11, and regressed
spontaneously within 72 h. For other systemic symptoms, no
differences were found between the 2 groups.

Local symptoms

Several patients developed local symptoms after PCECV
immunization, in which pain was the most common symptom
in both the Zagreb and Essen groups. However, in 42 patients
of both regimens, only one patient aged <5 y reported the local
symptom of pain, which might have been the result of difficulty
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2 0 10 20 30 40 50 150 300 Days
Days post-vaccination DO D7 D14 D45 D365
Rabies neutralization |Zagreb [0.041 0.733 7.144 23.24 2.333
antibody titers (95% (0.035-0.047) |(0.666-0.800) (6.538-7.750)  |(21.92-24.56)  |(1.826-2.840)
Cl, IU/ml) Essen  |0.036 0.542 5.672 37.46 5.353

(0.032-0.040) |(0.493-0.591) (5.362-5.982)  |(35.65-39.28)  |(4.595-6.111)

p 0.1435 <0.0001 <0.0001 <0.0001 <0.0001
Seroconversion rate |Zagreb [0% (0/150) |71.33% (107/150) |100% (136/136) |100% (129/129) [89.47% (102/114)
(Titers 20.5 IU/ml) Essen  |0%(0/150) [57.33%(86/150) |100% (144/144) |100% (124/124) |95.90% (106/111)

P z 0.0114 . z 0.1287

Figure 1. The difference inimmunogenicity between Zagreb and Essen groups before (day 0) and after rabies vaccination. Zagreb showed significantly
higher rabies neutralization antibody titers (P < 0.001) and seroconversion rate (P = 0.0114) than Essen at day 7 post-vaccination, but had lower rabies
neutralization antibody titers at days 45 and 365 post-vaccination. The data shown are the mean + 95% confidence interval (*P < 0.001).

in expression experienced by infants. There were no differences in
other local symptoms (induration, edema, tenderness, erythema)
between the patients aged <5 y and >5 y (Table 1). Although no
significant differences between the 2 groups were found for all
side effects, Zagreb showed more side effects in <5-y-old patients,
especially after first-dose immunization (P = 0.043, Table 1).

Immunogenicity analysis

The immunogenicity analysis was performed at 0 (DO0), 7
(D7), 14 (D14), 45 (D45), and 365 d (D365) post-immunization.
Figure 1 shows the trend of rabies neutralization antibody titers
in patients for up to 1 y post-immunization. All patients in
both the Zagreb and Essen groups converted to positive (rabies
neutralization antibody titer 20.5 IU/mL) for rabies antibody
at day 14, which was proof of adequate immune response after
vaccination. Interestingly, when comparing the 2 groups at day
7, Zagreb had a higher rabies neutralization antibody titer mean
value (0.733 + 0.034 vs 0.542 + 0.025, P < 0.001) and more
seroconverted patients (71.33% vs 57.33%), P = 0.0114), but the
rabies neutralization antibody titers of the 2 groups significantly
decreased to only about 10% and 14% at day 365, respectively,
when compared with that at day 45 (mean value of 2.33 vs
23.24 IU/mL for Zagreb and 5.35 vs 37.46 IU/mL for Essen)
(Fig. 1), and the neutralization antibody titers in patients of
Zagreb group were significantly lower than that of Essen patients

after the day 45 (P < 0.001, Fig. 1).

Discussion

In order to achieve prompt and adequate immune response
post-exposure to rabies, several administration methods and
vaccination programs have been explored in recent years.’!°

The present study conducted in Wuhan, China, describes

www.landesbioscience.com

the immunogenicity and safety of vaccination under a 2-1-1
regimen or 1-1-1-1-1 regimen based on 1 y of surveillance. For
the vaccination of rabies, several immunizations with protein
antigen are aimed to increase the affinity of antibody and the
number of memory B cells, not just to get higher antibody titers.
Thus, serum rabies neutralization antibody titers were measured
to evaluate the immunogenicity of Zagreb 2-1-1 regimen with
PCECV after 1 y of immunization, and the systemic and local
symptoms were also observed, especially in different age groups
with WHO category II rabies exposure.

Side effects were thought to be the biggest challenge for rabies
vaccination using the Zagreb 2-1-1 regimen, especially for young
children and elderly subjects. Although most systemic symptoms
and local symptoms occurred after the first injection, a possible
result of physiological responses to primary immunization, there
was no difference in side effects between the Zagreb and Essen
regimens (P = 0.383 and 0.529, respectively) during the first-
dose immunization (Table 1). In this study, pain was found to
be the most common local reaction after immunization, which
is the same as the finding reported by Liu et al.> However, fever
was the most common systemic symptom in our study, differing
to that of Liu et al., which maybe because most patients with
fever in our study were aged <5 y while Liu et al. performed the
research in healthy adults’ When comparing the side effects in
<5-y-old patients, differences can be found between the Zagreb
and Essen regimens both in complete doses and during the
first immunization (Table 1). As the number of patients aged
<5 y was only about 50, a larger population study in this age
group is needed, and particular care needs to be exercised when
clinical immunization using the Zagreb regimen is used in young
children.

In this study, persistence data were collected by analyzing the
rabies neutralization antibody titers in patients’ serum at day 365
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Patients with exposure to
rabies WHO category Il

l l

Zagreb group (2-1-1) 150 Essen group (1-1-1-1-1) 150
subjects (66 males, 84 females)| |subjects (69 males, 81 females)

\/

Written informed consent and immunization with
PCEPV were obtained, the number of participants
in each process was showed in Figure 2

T

Face to face interview within
30 min and by telephone at 24
h, 48 h, 72 h and 14 days post-
immunization

l l

Rabies neutralizing antibody Record clinical information for
titers tested with RFFIT safety evaluation

Serum specimen collected at
day 0, 7, 14, 45, 365 after
exposure

Figure 2. Flowchart of the safety and immunogenicity study.

post-immunization. Figure 1 shows that all patients received
adequate rabies neutralization antibody (titers 20.5 IU/mL) at
day 14, and the highest rabies neutralization antibody titers in
patients presented at day 45. Compared with the Essen group,
rabies neutralization antibody titers in the Zagreb group were
significantly higher at days 7 and 14 post-immunization, but were
significantly lower from day 45. However, there was no significant
difference in the seroconversion rates between these 2 groups
from day 14, and about 90% of patients had rabies neutralization
antibody titers of 20.5 IU/mL at day 365 post-immunization. The
seroconversion rates are in agreement with our previous study,'
in which we performed a clinical study with Essen with 5 y of
surveillance, and the rates decreased to only 34% at year 5.

Several limitations need to be acknowledged. First, this study
was not performed randomly. However, as mentioned above, the
patients were divided single-blind, the demographic variables
and the neutralization antibody titers when enrolled showed no
difference between 2 groups (Fig. 1; Table 1). Thus, the results
reported in this study should be reliable. Second, the demographic
and clinical information during the period were collected
by telephone, which cannot avoid potential underreporting.
However, underreporting to a certain degree is unavoidable for
the clinical study, and no sensitive information was inquired, the
underreporting in this study should be low.

Although a few subjects quit the study because of the long
and cumbersome surveillance, the Zagreb regimen has proved
to have the same safety profile as Essen in most patients, and
showed a quick response to immunization. A further study is
necessary to determine the safety of Zagreb in young children
and the immunogenicity over a longer period, which will provide
the necessary information to strengthen immunization.

1648 Human Vaccines & Immunotherapeutics

Materials and Methods

Study design and participants

Sample size estimation

The sample size estimation of this study was conducted
according to the “Practical Manual of Sample Size Determination
in Health Studies” (WHO, 1996). The inspection level a (one
side) was set to 2.5% and the power of test 1-8 was 90%. The real
difference 8 was 0 (i.e., the 2 methods are actually equivalent from
the aspect of the titer of day 14) and the non-inferiority margin
value 8, was —1.5. The standard deviation of log2 (antibody titer)
was 2.59 and the sample amount ratio was 1:1. When the sample
amount of each group is 64, there is a 90% power of test for the
2 groups of 0.025 one-sided # test to reject the null hypothesis
of inferiority, and support another hypothesis, that is, when
assuming there is no difference between the 2 schemes and the
equivalent limit of titer (log2) is —1.5, Zagreb is not inferior to
Essen according to the antibody titer of day 14. Considering a
15% expulsion rate, each group should at least include 75 cases.
Considering the possible lack of follow-up during 1 y’s follow-up
visit, the final sample amount was determined to be 300 and
each group contained 150 cases.

Participants

From August 2010 to December 2011, 300 patients who
visited the clinic of Wuhan Centers for Disease Prevention and
Control with WHO category II exposure to rabies were enrolled,
and divided single-blind and equally into 2 groups: Zagreb (2-1-1
regimen) and Essen (1-1-1-1-1 regimen) (Fig. 2). All patients had
lived in Wuhan city for more than 6 mo, and visited the clinic
of Wuhan Centers for Disease Prevention and Control within
24 h post-exposure. The patients were excluded if they had been
previously vaccinated with rabies vaccine, or presented with other
clinical diseases.

Vaccine

The PCECV studied was commercially available, and had been
approved and tested by the National Institute for the Control of
Pharmaceutical and Biological products. The imported PCECV
(Rabipur, 201103011-2, Novartis Vaccines and Diagnostics) had
an antigen content of 6.4 IU/dose (registered potency tested by
the China Food and Drug Administration).

Immunization and blood collection

Immunization was performed by injection in the deltoid
muscles of the left and/or right arms. For the Zagreb group (2-1-1
regimen), 2 doses of PCECV were injected in the deltoid muscles
both of the left and right arms on day 0 (D0), and then one dose
administered on day 7 (D7) and day 21 (D21) respectively, which
gave a total of 4 doses over 3 visits. For the Essen group (1-1-1-1-1
regimen), one dose of PCECV was injected in the deltoid muscles
of the left or right arm at DO, day 3 (D3), day 7 (D7), day 14 (D14),
and day 28 (D28) respectively, which gave a total of 5 doses over 5
visits. In order to study the immunogenicity in the patients, post-
vaccination blood samples were collected at D0, D7, D14, D45,
and D365, sera was separated and frozen at —70 °C for analysis.

Safety monitoring

Side effects were observed for 30 min after each vaccination
in both regimens. At initial follow-up, a telephone visit was
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conducted at 24 h, 48 h, 72 h, and 14 d post-immunization, to
record any adverse reactions. Before the injection of PCECYV, a
face-to-face survey was also performed to collect the demographic
and clinical information during the period between the 2 visits.
Clinical data were defined according to the “Preventive vaccine
clinical trials, adverse events grading guidelines” issued by the
China Food and Drug Administration.

Immunogenicity analysis

In order to compare the immunogenicity of patients with
PCECYV, rabies neutralizing antibody titers in the serum were
measured under masked conditions using a rapid fluorescent
inhibition test (RFFIT). The

antibody titer was measured with RFFIT in patients’ serum by

focus rabies neutralization
the virology laboratory of our institute. The reference standard
(30 IU/dose) was purchased from the National Institute
for Biological Standards and Control (NIBSC). The rabies
neutralizing antibody titers were analyzed in all patients’ serum
before and after immunization. Successful protection is achieved
when the rabies neutralization antibody titer is <0.5 IU/mL at
DO and 20.5 IU/mL after immunization according to WHO
recommendations (WHO, 1992).

Statistical analysis

Where appropriate, data were expressed as mean + standard
deviation (SD) if not defined. Categorical variables were tested

with chi-square of the Fisher exact test, and comparison between
Zagreb and Essen was tested with the Student # test. Statistical
analysis was performed with GraphPad Instat statistical software
(GraphPad Software). Statistical significance was defined as a
Pvalue < 0.05.

Ethics

The protocol of this study was approved by the Institutional
Review Board of Wuhan Centers for Disease Prevention and
Control, and written informed consent was obtained from all
participants, or their parents or legal guardians in the case of
children up to 18 y of age. All the materials and methods used
in this study were approved by the Chinese State Food and
Drug Administration (Approval No: 200880914, 2010B00516,
2008S00001), and have been used in many countries in the world,
including China,”® thus no clinical trial registration is needed
for this study. In addition, we performed a clinical observation,
not a clinical trial, to collect the clinical data, which won’t affect
the vaccination policy for PCECV and 2 regimens in China, but
provide a reference for the clinical doctors and patients when
choosing a regimen.
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