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ABSTRACT
Aim: To compare the safety, immunogenicity and long-term effect of a purified vero cell cultured rabies
vaccine in post-exposure subjects following 2 intramuscular regimens, Zagreb or Essen regimen. Methods:
Serum samples were collected before vaccination and on days 7, 14, 42, 180 and 365 post vaccination.
Solicited adverse events were recorded for 7 d following each vaccine dose, and unsolicited adverse
events throughout the entire study period. This study was registered with ClinicalTrials.gov (NCT01821911
and NCT01827917). Results: No serious adverse events were reported. Although Zagreb regimen had a
higher incidence of adverse reactions than Essen regimen at the first and second injection, the incidence
was similar at the third and fourth injection between these 2 groups as well. At day 42, 100% subjects
developed adequate rabies virus neutralizing antibody concentrations (� 0.5IU/ml) for both regimens. At
days 180 and 365, the antibody level decreased dramatically, however, the percentage of subjects with
adequate antibody concentrations still remained high (above 75% and 50% respectively). None of
confirmed rabies virus exposured subjects had rabies one year later, and percentage of subjects with
adequate antibody concentrations reached 100% at days 14 and 42. Conclusions: Rabies post-exposure
prophylaxis vaccination with PVRV following a Zagreb regimen had a similar safety, immunogenicity and
long-term effect to the Essen regimen in China.
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Introduction

Rabies is a rabid infectious zoonosis disease caused by rabies
virus with almost 100% fatality rate.1 According to the
World Health Organization (WHO), rabies poses a potential
threat to 3.3 billion people worldwide and causes 55,000
deaths each year, most of whom occurred in developing
countries.2 China is one of countries threated severely by
rabies, where more than 40 million people were bitten by
animals every year. More human deaths due to rabies have
been reported annually (about 2,000) during the last 5 years,
which was the third leading cause of death due to infectious
diseases.3-5

Contrary to many other human infectious diseases, timely
rabies vaccination can prevent the development of rabies even
after exposure to the virus. Therefore, post-exposure vaccina-
tion is recognized as an effective method to prevent rabies.
Now the intramuscular post exposure prophylaxis (PEP)
including 2 immunization schedules, namely Essen regimen
(1–1–1–1–1) and Zagreb regimen (2–1–1), was recommended
by WHO.6 For Essen regimen, the 5 doses are administered at

days 0, 3, 7, 14, 28. As for Zagreb regimen, the first 2 doses are
injected at day 0, followed by additional 2 doses given at days 7
and 21. Both regimens performed well in safety and immuno-
genicity according to previous research.7-9 Since Zagreb
regimen entails fewer injections, earlier protective titers, cost-
effective option and convenient operation, it was actively
promoted in clinical application.10-11

The purified vero cell cultured rabies vaccine (PVRV)
manufactured by Chengda Biotechnology has been most
widely used in China. And a total of 25 million doses vac-
cines have been used until now. But this vaccine was not
permitted to be used under the Zagreb regimen, until 2010.12

Although the Zagreb regimen has been approved by SFDA
later, there were still lacking of direct evidence to confirm
the safety, immunogenicity and antibody persistence of this
regimen. In this study, we aimed to reevaluate the safety,
immunogenicity and antibody persistence of this PVRV
administered by the Zagreb regimen by comparing with
Essen regimen for post-exposure prophylaxis in 10560 sub-
jects. 37 patients exposed to laboratory-proven rabies-
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infected dogs were selected to evaluate the indicative of a
protective immune response of this vaccine after vaccinated
by the Zagreb regimen.

Results

Study population

The trial profile was shown in Fig. 1. 10,560 participants were
enrolled, of whom 10,559 received at least one dose of the
rabies vaccine and were included in safety analysis. 10386 of
these subjects completed the study. Serum samples were col-
lected from 558, 537, 527, 522, 516 and 335 participants at days
0, 7, 14, 42, 180 and 365, respectively. 552 participants were
included in the according-to-protocol immunogenic analysis.
Reasons why some participants were not included in accord-
ing-to-protocol immunogenic analysis are: antibody level
higher in pre-vaccination than post-vaccination; positive anti-
body level before vaccination; receipt of anti-rabies passive
immunization preparations; and treatment with harmonic
drugs.

The baseline demographic characteristics are presented in
Table 1. In the Zagreb group, the average age is 33.7 §
19.8 years, the male to female sex ratio is 1.10; as for Essen
group, the average age is 33.5 § 20.4 years, sex ratio is 1.06.
There is no statistical difference for age and gender distribution
in both immune procedures, and both groups are comparable.
When comparing different age subgroups, average age in
Zagreb group was older than that in Essen group (x2 D 33.453,
p< D 0.0001) in the subgroup of � 20 y. Meanwhile, the inter-
group differences of age and gender distribution are insignifi-
cant, which is showing better comparability.

Safety

In the study, 2820 out of 10559 (26.7%) participants reported
injection-site or systemic adverse reactions considered to be
related to vaccination, with 1469 (29.5%) in Zagreb group and
1351 (24.2%) in Essen group (Table 2). Overall, the incidence
of adverse reactions was slightly higher in Zagreb group than in
Essen group (x2 D 38.675, P D 0.000). 61 (1.2%) subjects in
Zagreb group and 21 (0.4%) subjects in Essen group had

Figure 1. Flow chart of immunogenicity and safety of the vaccine in participants throughout the trial.
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Table 1. Baseline demographic characteristics of participants.

Zagreb group Essen group

� 20 21–50 � 51 � 20 21–50 � 51 Total

N 1426 2474 1072 1600 2740 1247 10559
Age (years)
Mean § SD 9.8 § 5.7 35.7 § 9.3 61.0 § 8.1 8.6 § 5.8 35.6§ 9.4 60.9§ 8.1 33.6§ 20.1
Min;max 0»20 21»50 51»90 0»20 21»50 51»89 0»90
Median 9.0 36.0 59.0 7.0 36.0 59.0 33.0
F 33.453 0.137 0.094 0.294
P value 0.000 0.711 0.759 0.587
Sex
Male n (%) 859 (60.2) 1236 (50.0) 513 (47.9) 958 (59.9) 1319 (48.1) 601 (48.2) 5486 (52.0)
Female n (%) 567 (39.8) 1238 (50.0) 559 (52.1) 642 (40.1) 1421 (51.9) 646 (51.8) 5073 (48.0)
Male/Female 1.51 1.00 0.92 1.49 0.93 0.93 1.08
F 0.042 1.725 0.027 0.934
P value 0.839 0.189 0.870 0.334

Table 2. Incidence of adverse reactions within 28 d after the last vaccination.

Zagreb group Essen group

N % N % x2 P

N 4972 100.0 5587 100.0
Any 1469 29.5(28.3»30.8) 1351 24.2(23.1»25.3) 38.675 <0.0001
Grade 1 1217 24.5(23.3»25.7) 1237 22.1(21.1»23.2)
Grade 2 191 3.8(3.3»4.4) 93 1.7(1.4»2.0)
Grade 3 61 1.2(0.9»1.6) 21 0.4(0.2»0.6)

Table 3. Incidence of adverse reactions of each vaccination in 2 regimen groups.

Vaccination injection Zagreb group(%) Essen group(%) x2 P

The first/second injection 12.7 (1262/9944) 8.9(994/11152) 78.558 0.000
The third injection 9.2(455/4936) 8.5(469/5538) 1.821 0.177
The fourth injection 5.5(271/4896) 5.9(325/5505) 0.652 0.419
The fifth injection 2.3(124/5490)

Table 4. Adverse reactions list within 28 d after the last vaccination.

Zagreb group Essen group

Age(years) � 20 N D 1426 21–50 N D 2474 � 51 N D 1072 � 20 N D 1600 21–50 N D 2740 � 51 N D 1247
Total incidence of adverse reactions (%) 463(32.4) 736(29.7) 271(25.2) 276(17.3) 803(29.3) 272(21.8)

Systemic adverse reactions
Incidence (%) 278(19.5) 243(9.8) 110(10.3) 189(11.8) 280(10.2) 114(9.1)
Fever 240(16.8) 59(2.4) 17(1.6) 128(8.0) 42(1.5) 13(1.0)
fatigue 33(2.3) 132(5.3) 64(6.0) 25(1.6) 147(5.4) 71(5.7)
Allergy 8(0.6) 6(0.2) 5(0.5) 11(0.7) 21(0.8) 8(0.6)
Dysphoria 1(0.1) 6(0.2) 4(0.4) 2(0.1) 4(0.1) 1(0.1)
Loss of appetite 1(0.1) 2(0.1) 4(0.4) 12(0.8) 3(0.1) 6(0.5)
Nausea 13(0.9) 12(0.5) 5(0.5) 6(0.4) 24(0.9) 6(0.5)
Diarrhea 2(0.1) 4(0.2) 1(0.2) 6(0.4) 5(0.2) 6(0.5)
Dizziness 13(0.9) 35(1.4) 16(1.5) 4(0.2) 44(1.6) 12(1.0)
Headache 6(0.5) 16(0.6) 6(0.6) 8(0.5) 22(0.8) 10(0.8)
Myalgia 0(0.0) 12(0.5) 5(0.5) 2(0.1) 11(0.4) 5(0.4)
Cough 3(0.2) 1(0.0) 0 4(0.3) 1(0.0) 0(0.0)
Others 9(0.6) 14(0.6) 12(1.1) 6(0.4) 31(1.1) 11(0.9)

Local reactions
Incidence (%) 234(16.4) 587(23.7) 201(18.8) 125(7.8) 648(23.6) 193(15.5)
Pain 190(13.3) 497(20.1) 170(15.9) 107(6.7) 558(20.4) 168(13.5)
Swelling 25(1.8) 77(3.1) 23(2.1) 15(0.9) 104(3.8) 37(3.0)
Itching 13(0.9) 39(1.6) 26(2.4) 6(0.4) 72(2.6) 23(1.8)
Induration 9(0.6) 28(1.1) 9(0.8) 5(0.3) 45(1.6) 18(1.4)
Erythema 14(1.0) 20(0.8) 8(0.7) 15(0.9) 58(2.1) 13(1.0)
Others 6(0.4) 16(0.6) 4(0.4) 1(0.1) 15(0.5) 3(0.2)
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adverse events of grade 3. No serious adverse events (SAE) were
reported.

Incidence of adverse reactions for each injection differed
between the 2 groups. 1262 of 4972 (12.7%) participants in
Zagreb group who received 2 doses at the same time had
adverse reactions comparing with 994 of 11152 (8.9%) in Essen
group who received the first and second injections successively
(x2 D 78.558, P<0.0001). The incidence of adverse reactions
did not differ much between the 2 groups after the third or
fourth injections (Table 3).

Overall, 1988 and 1214 participants reported injection-site
and systemic reactions, respectively, most of which were
reported at day 0»3 after vaccination. The most common sys-
temic adverse reactions were fever and fatigue (Table 4). The
incidence of local reactions was 20.6% in the Zagreb regimen
and 17.3% in the Essen regimen. The most common injection-
site adverse reactions were pain, swelling and itching. Signifi-
cantly more participants in the Zagreb regimen had injection-
site pain than did those in the Essen regimen. However,

incidence of local reactions, such as swelling and itching did
not differ much between the 2 groups.

Immunogenicity

The baseline antibody level is shown in Table 5. Overall, there
were no significant differences in GMC between the 2 regimens
(F D 0.997, P D 0.408). The antibody concentration in the age
subgroup were similar between the 2 regimens (P > 0.05).

A significant neutralizing antibody response was elicited
after vaccination under both regimens. The percentage of sub-
jects with adequate antibody concentrations (� 0.5IU/ml) in
Zagreb group was 24.3% higher than that in Essen group at day
7 (Fig. 2). 100% of participants developed adequate rabies virus
neutralizing antibody (RVNA) concentrations at day 14 with a
GMC of 6.15 IU/ml (95%CI, 5.00 to 7.30 IU/ml) for Zagreb
group, while 99% of participants developed adequate RVNA
concentrations at day 14 with a GMC of 7.63 IU/ml (95%CI,
6.48 to 8.79 IU/ml) for Essen group (Figs. 2 and 3). At day 42,
both regimens elicited peak immune response with mean GMC
of 9.59 § 8.66IU/ml (95% CI, 8.45 to 10.73IU/ml) and 12.29 §
9.75IU/ml (95% CI, 11.16 to 13.41IU/ml) for Zagreb and Essen
groups, respectively (Figs. 2 and 3). Antibody level in Essen
group was significantly higher than that in Zagreb group
(x2 D ¡3.321, P D 0.001). However, at day 42, 100% subjects
developed adequate RVNA concentrations for both regimens
(Fig. 2). Vaccination with PVRV following a Zagreb regimen
induced immune responses at days 7, 14 and 42 non-inferior to
those of Essen regimen (P>0.05).

To assess antibody persistence, we tested antibody concen-
tration at months 6 and 12. The results showed that the GMCs
decreased dramatically in both groups, 95%CI 1.30 to 2.22 IU/
ml in Zagreb group and 95%CI 1.42 to 2.26 IU/ml in Essen
group at month 12, respectively. However, the percentage of
subjects with adequate antibody concentrations remained high

Table 5. Baseline antibody level of participants.

Zagreb group Essen group

Age(years) � 10 11–20 21–50 51–60 >61 Total � 10 11–20 21–50 51–60 >61 Total

N 34 36 92 35 36 233 56 31 129 67 36 319
GMC(IU/ml)
Mean § SD 0.04 § 0.00 0.04§ 0.00 0.04 § 0.03 0.04 § 0.00 0.04§ 0.00 0.04 § 0.02 0.04 § 0.00 0.04 § 0.00 0.04 § 0.04 0.04 § 0.01 0.04 § 0.00 0.04 § 0.03
Min-max 0.04–0.04 0.04–0.04 0.04–0.30 0.04–0.04 0.04–0.04 0.04 – 0.30 0.04–0.04 0.04–0.04 0.04–0.41 0.04–0.10 0.04–0.04 0.04 – 0.41
95%CI 0.04–0.04 0.04–0.04 0.04–0.05 0.04–0.04 0.04–0.04 0.04 – 0.04 0.04–0.04 0.04–0.04 0.04–0.05 0.04–0.04 0.04–0.04 0.04 – 0.05
F 0.000 0.000 0.186 0.520 0.000 0.997
P 1.000 1.000 0.667 0.473 1.000 0.408

Figure 2. Percentage of subjects with RVNA concentrations � 0.5IU/ml of the vac-
cine on days 7, 14, 42, 180, 365. Percentage of rate difference was 24.3%, 95%CI:
26.5 to 112.5 on day 7.

Figure 3. Rabies virus neutralizing antibody concentrations (GMC) in the Zagreb and Essen regimens on days 7, 14, 42, 180, 365. Error bars and values in parenthesis rep-
resent 95% CI.
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in both groups, 77.6% in Zagreb group and 82.4% in Essen
group at month 6. One year after vaccination, more than 50%
of participants remained showed adequate RVNA concentra-
tions (Figs. 2 and 3).

Protective effect in patients exposed to laboratory-proven
rabies infected dogs by the Zagreb regimen

PVRV had a good protective effect by the Essen regimen, how-
ever, little is known about the protective effect by the Zagreb
regimen. In this study, these 37 subjects exposed to laboratory-
proven rabies infected dogs were followed up for more than 12
months to monitor actual protective effect of this vaccine. And
consecutive serum samples from these participants on days 0, 7
14 and 42 were tested for systemic evaluation antibody level.

Up to 12 months, none of 37 subjects had rabies. Compared
with concentrations measured on day 0, we noted a significant
increase in anti-rabies virus antibody concentration on days 14
(22.75 IU/ml, 95%CI 5.01 to 40.49 IU/ml, p D 0.016) and 42
(16.44 IU/ml, 95%CI 11.39 to 21.48 IU/ml, p D 0.000) (Fig. 4).
The percentage of subjects with adequate antibody concentra-
tions was statistically differences at days 7(21.7%, 95%CI 8.4 to
41.0%), 14(100%) and 42(100%) (Fig. 5).

Discussion

Rabies is a fatal disease with almost 100% of fatality rate.1 PEP
is the most important way to prevent and control rabies. 5-dose
Essen regimen has been recommended by WHO for PEP vacci-
nation for several decades,6 which was ever the only schedule
approved in China. However, exposed individuals often with-
drew vaccination midway, on the other hand, full vaccination
compliance rate of category II, III exposure was only 77.1% and
78%,10 remaining great risk in those peoples. The effectiveness
of the 4-dose Zagreb regimen was first investigated by Vodopija
et al in 1986.13 They compared the immunogenicity of 4 differ-
ent cell culture vaccines 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. WHO have recommended Zagreb vaccina-
tion regimen since 1992 due to it reduce cost and increase full
vaccination compliance rate markedly.6,10,14 Numerous studies
over the years have served to verify that cell culture vaccines
administered under the Zagreb regimen are immunogenic with
an acceptable safety profile.12-13,15-18 However, Zagreb regimen
was not approved for purified chick embryo cell rabies vaccine
(PCECV) and PVRV until 2010 in China.

The PVRV for intramuscular pre- and post-exposure rabies
prophylaxis manufactured by Chengda Biotechnology has been
proven to be well tolerated and immunogenic with an accept-
able safety profile in China.19-23 It has been approved initially
by SFDA to use under the Essen regimen in 2005, and permit-
ted to use Zagreb regimen later. Until now, the vaccine has
been used 3 million under Zagreb regimen, however, it
remained far below than Essen regimen.

In this study, we conducted a post-marketing evaluation for
the safety, immunogenicity, and antibody persistence of PVRV
given by the Zagreb regimen by comparing with Essen regi-
men. The most frequent injection-site AEs were pain, swelling
and itching, which was the same as the results reported by
Hu11 and Liu.12 And most frequent systemic AEs were fever
and fatigue, consisted with the finding reported by Hu,11 but
different from that of Liu.12 The reason may be we performed
the research in people of all ages while Liu performed the
research in healthy adults. Zagreb regimen caused slightly
more AEs than Essen regimen did, which may be associated
with the different doses of vaccine at first time immunization.
However, most of them were mild or moderate and SAE were
uncommon. Similar results were also observed in the research
of Yuan24 and Hu.11 To the immunogenicity, both 2 regimens
induced significantly antibody response at days 14 and 42
with peak antibody concentration of more than 9 IU/mL at
day 42, and the percentage of subjects with adequate antibody
concentrations of both groups were 100% at day 42, consistent
with the previous research results of this product.1,12 Though
antibody concentration in Essen group was significantly
higher than that in Zagreb group on day 42, no significant dif-
ference was observed between the 2 groups in terms of ade-
quate antibody concentrations rates. And the percentage of
subjects with adequate antibody concentrations in Zagreb
group was 24.3% higher than that in Essen group at day 7,
which indicating Zagreb regimen being non-inferior to Essen
regimen. These results were in agreement with previous results

Figure 4. Rabies virus neutralizing antibody concentrations (GMC) of patients
exposed to laboratory-proven rabies infected dogs in the Zagreb regimen on days
7,14 and 42. Error bars and values in parenthesis represent 95% CI. Y-axis is loga-
rithmic scale of GMC.

Figure 5. Percentage of subjects exposed to laboratory-proven rabies infected
dogs with RVNA concentrations � 0.5IU/ml in the Zagreb regimen on days 7, 14
and 42. 95% CI on day 7 is 8.4 to 41.0, while on days 14 and 42 is 100 to 100.
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obtained with healthy adult subjects vaccinated by the Zagreb
regimen with PCECV or other licensed vaccines.7,11-12 Our
results confirmed again that a 4-dose regimen was sufficient
for RVNA titers to reach effective levels of protection antibody
concentrations significantly declined at month 6 and 12, but
the percentage of subjects with adequate antibody concentra-
tions in these 2 groups were very close. Essen regimen has
been demonstrated the persistence of immunogenicity for up
to 5 years,25 so we speculated Zagreb regimen had good long-
term effect. In general, the Zagreb regimen showed a good
safety, immunogenicity profile and long-term effects as well as
Essen regimen.

Studies showed rabies virus neutralizing antibody has pro-
tection when its concentration higher than 0.5 IU/ml tested by
rapid fluorescent focus inhibition test (RFFIT),26 However, lit-
tle is known about the actual protective effect after vaccination
with this vaccine especially under the Zagreb regimen. In this
study, we identified cohort exposed to laboratory-proven rabies
infected dogs and evaluated the protective effect after vaccina-
tion under Zagreb regimen. Our results showed 37 severely bit-
ten patients were all survived one year later, after injection with
immune globulin and PVRV by the Zagreb regimen. The per-
centage of subjects with adequate antibody concentrations on
days 14 and 42 was 100%, and the antibody concentration was
22.75IU/ml and 16.44 IU/ml. This results suggested Zagreb reg-
imen was likely to be “protective.”

In addition to intramuscular(IM) regimens, intradermal
(ID) regimens, like TRC ID regimen (2.2.2.0.2) and some of the
promising new ID regimens (e.g., one week 4.4.4), were also
recommended by WHO.27-28 Several of these were regarded as
scientifically rational, highly immunogenic, safe and economi-
cal vaccination for PEP. However, China did not approved any
ID regimens used in rabies vaccine vaccination. We believe it
might be interesting to explore Speeda administered according
to the ID regimen in future.

The present study may have several limitations. First, the
37 patients bitten by proven rabid animals is not big enough,
so to confirm the protective effect of Speeda used in the
Zagreb regimen need to expand the sample size for further
study. Second, the potency (7.5IU/dose) was higher than the
required 4.5 IU/dose. This maybe have an impact on the lon-
gevity of RVNA concentrations. The issue of long-term
immunogenicity of these 2 regimens is important to perform
in the future.

In conclusion, this study showed that rabies PEP vaccination
with PVRV following a Zagreb regimen had a similar safety,
immunogenicity and antibody persistence to Essen regimen in
China. PVRV administered by the Zagreb regimen also showed
good protective effect. Based on calculations of the direct and
indirect costs of rabies immunization in China, the Essen regi-
men costs about $104 (694RMB) per patient, whereas the
Zagreb regimen cost $72 (482.2RMB) per patient, respectively.
About an average of 14 million patients receive rabies immuni-
zations each year in China. Adopting the Zagreb regimen could
save approximately $442(2963RMB) million plus the cost of
clinic visits.10 So comparing with Essen regimen, Zagreb regi-
men was a more convenient, cost-effective and compliant vac-
cination schedule.

Methods

Study design and participants

This trial was conducted in 5 centers in China (Chaoyang dis-
trict in Beijing, Wuhan city in Hubei, Guangdong, Guizhou
and Hunan province). We defined participants who were bitten
or scratched by animals suspected or confirmed of rabies virus
as post-exposure subjects. There were no age limit for subjects.
The main exclusion criteria included: history of rabies vaccina-
tion; receipt of anti-rabies immunoglobulin; allergy to any vac-
cine component; treatment with immunosuppressive or
immunoenhancer drugs; fever higher than 37�C (axillary);
acute or chronic infectious diseases; receipt of any vaccines or
investigational medicines in the previous week; history of
eclampsia, epilepsy, encephalopathy and spiritual disease;
immunodeficiency; congenital defects; other conditions being
unable to comply with the study schedule.

The study was approved by the institutional review board of
Chaoyang District Center of Disease Control and Prevention and
conducted in accordance with Good Clinical Practice. All subjects
or the subjects’ parents/legal guardian (minor subjects <18 y of
age) provided written informed consent before enrollment.

Procedures

The rabies vaccines (vero cell, Lot no.201108227) used in this
study were manufactured in Liaoning Chengda Biotechnology
(Shenyang, China). Potency of the vaccine was 7.5IU/ml as pro-
vided by the manufacturer using the NIH test. 0.5 ml of vaccine
was administered intramuscularly as each dose. The vaccine
used in this clinical trial originated from normal commercial
circulation and were produced in the same lot. The subjects
paid for their own vaccine.

Subjects were enrolled in conventional rabies outpatient
clinic. Rabies-clinics were randomly allocated into 2 groups in
a 1:1 ratio to inject rabies vaccine for subjects by the Zagreb
regimen or Essen regimen. Randomization list was generated
with SAS 9.1 statistical software by means of randomized
blocking. The size of the block was set as variable with the
length of the smallest block being 4. 10560 participants were
enrolled. The vaccine was injected intramuscularly into the
anterolateral side of thigh in infants of 0–11 months and the
deltoid region in other subjects. The occurrence of immediate
adverse events was monitored for 30 minutes after each injec-
tion. All solicited adverse events were recorded for up to 7 d
following each vaccine dose, and unsolicited AEs were recorded
throughout the entire study period up to day 28. Adverse events
were graded according to the scale issued by the China Food
and Drug Administration.29

Blood samples for immunogenicity testing were collected
from a subset of 558 participants before vaccination (day 0)
and days 7, 14, 42, 180 and 365 post vaccination. In the second
phase of the study, 37 subjects exposed to laboratory-proven
rabies infected dogs were enrolled, cleaned up the wound,
injected with the human rabies immune globulin (HRIG,
Wuhan Biotechnology, Lot no.20120303, China), and vacci-
nated with the rabies vaccine by the Zagreb regimen. HRIG
was infiltrated into the wound by the body weight, 20IU/kg.
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Serum samples were taken from these participants at days 0, 7,
14, 42. Determination of RVNA using the RFFIT with CVS-11
as the challenge virus for the assay was performed at the
National Institute for Food and Drug Control (Beijing, China).
Base on WHO criteria, an rabies virus neutralizing antibody
concentration � 0.5IU/mL was considered as adequate,28 and
0.5IU/ml also was taken as the cut-off value of indicative of a
protective immune responses.26

Dogs’ specimens collection and detection

In this study, dogs suspected to carry rabies virus and that
infected more than 3 people were captured and then humanely
executed by Guizhou Provincial Center of Disease Control and
Prevention. About 1–3 g specimens were taken from dogs’
brain homogenates and frozen at ¡20�C, then sent to Chinese
Center for Disease Control and Prevention to tested for pres-
ence of the rabies virus using a direct immunofluorescence
assay (DFA).30 Green dot fluorescence was judged as positive
and then carry out the follow-up test.

The DFA positive specimens would be tested by reverse
transcription PCR (RT-PCR) to confirm the rabies virus infec-
tion according to Lang’s method.31 A total of 3 rabies virus car-
rying dogs were identified, and 44 persons were bitten by these
dogs. 37 out of 44 subjects were informed consent and partici-
pated in this study.

Statistical analysis

The primary end point for immunogenicity was the percentage
of subjects with adequate antibody concentrations at day 42.
Secondary end point for immunogenicity was rabies virus neu-
tralizing antibody GMC at day 42.

The safety analysis was expressed as the incidence and sever-
ity of injection-site and systemic adverse events, and the inci-
dence of SAE. The incidence and grade of an adverse event
were calculated based on the highest intensity if same symptom
with 2 or more intensity was reported. The safety analysis was
performed on the total vaccinated cohort.

To compare safety and immunogenicity profile between
these 2 groups, Student’s t test for log-transformed GMC and
x2 for categorical data were used. The criterion for non-inferi-
ority was defined as the upper bound to the 2-sided 95% CI of
difference on the percentage of subjects with adequate antibody
concentration slower than 5%. The statistical analysis was con-
ducted by an independent statistician. Hypothesis testing was
2-sided with a value of 0.05.

Abbreviations

WHO World Health Organization
PEP post exposure prophylaxis
PVRV purified vero cell cultured rabies vaccine
RFFIT rapid fluorescent focus inhibition test
DFA direct immunofluorescence assay
GMC geometric mean concentration
SAE serious adverse events
RVNA Rabies virus neutralizing antibody
AE adverse event
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