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The Zagreb regimen has been used for 20 years in various countries. In China, until 2010, the Zagreb schedule was
only approved for purified chick embryo cell vaccine (PCECV) and purified Vero cell rabies vaccines (PVRV). In this phase
III clinical trial, we aimed to demonstrate the safety and immunogenic non-inferiority of the Zagreb regimen compared
with the Essen regimen in healthy adult Chinese immunized with PCECV (Rabipur�). The study enrolled 825 subjects
aged 18 to 50 years; serum samples were collected on Days 0, 7, 14, 42, and at 13 months to assess rabies virus
neutralizing antibody (RVNA) concentrations. Solicited and unsolicited local and systemic reactions were recorded for
6 days following the day of vaccination, and collected throughout the entire study period (Day 1 until Month 13). The
Zagreb regimen was non-inferior to the Essen regimen with regard to RVNA concentrations after 7, 14, and 42 days,
and 13 months of immunization. The non-inferiority of seroconversion was established at Days 14 and 42. The
incidence of local and systemic reactions was similar between groups, and mostly of mild or moderate severity.
Vaccine-related adverse events occurred more frequently in the Essen group than in the Zagreb group. Vaccination
with PCECV under a 2-1-1 regimen is as safe and immunogenic as under the traditional 5-dose Essen regimen for rabies
post-exposure prophylaxis, and is a more cost-effective option, has a more practical vaccination schedule, and can
potentially increase compliance.

Trial Registration:

www.clinicaltrials.gov: NCT00825305, NCT01067079

Introduction

Rabies is a viral zoonosis that continues to be a major health
problem throughout the world. It is estimated to cause more
than 60,000 deaths every year, and is considered to be endemic
in more than 150 countries and territories.1 In China, 85%–
95% of human rabies cases are dog-mediated rabies, and rabies is
among the 3 leading causes of death due to infection.2 Since

2000, a new epidemic outbreak has led to a rapid increase in the
number of notified cases,3 with over 3,300 clinically diagnosed
deaths due to rabies recorded in 2007,4 and an associated mortal-
ity rate that increased by an average of 26% per year from 1999
to 2008.3-5 Since then, the incidence has started to decline, with
2,048 reported cases in 2010, a decrease of about 7.5% compared
with 2009.6

After an incubation period of approximately 1–3 months, the
virus leads to a progressive encephalomyelitis that almost always
results in cardiorespiratory arrest and death within a few days of
the onset of symptoms.7 However, and contrary to other human
infections, timely rabies immunization can prevent the develop-
ment of clinical symptoms even after exposure to the virus, and
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prophylaxis by vaccination is therefore a key component in the
reduction of deaths due to the disease. The World Health Orga-
nization (WHO) recommends pre-exposure prophylaxis (PrEP),
namely vaccination with cell culture or embryonated egg-based
rabies vaccines (CCEEVs), for individuals at continual, frequent
or increased risk of exposure to the virus, travelers in high-risk
areas, and children living in or visiting rabies-affected areas.1

After suspected or confirmed exposure to the virus, post-exposure
prophylaxis (PEP) recommendations include immediate, proper
wound cleaning, prompt vaccination with CCEEV, and simulta-
neous passive immunization with rabies immune globulin, if
indicated.1

After vaccination with CCEEV, e.g. human diploid cell vac-
cine (HDCV), purified duck embryo vaccine (PDEV), purified
chick embryo cell (PCECV) or purified Vero cell rabies vaccine
(PVRV), virus-neutralizing antibodies (RVNA) are usually pres-
ent by Day 14 post first vaccination.8-12 The immunogenicity,
efficacy and safety of PCECV have been well established for both
PrEP and PEP in previous clinical trials conducted in children
and adults.6,11-15 Moreover, PCECV may to elicit long-lasting
immunity even after 14 years in subjects receiving a single
booster dose 2 years following primary 3-dose immunization.16

The intramuscular PEP recommended by the WHO includes
2 alternative immunization regimens: the 5-dose “Essen” (1-1-1-
1-1), with doses administered on each of Days 0, 3, 7, 14, and
28; and the abbreviated 4-dose “Zagreb” regimen (2-1-1), with 2
injections administered on Day 0, followed by one further dose
on each Days 7, and 21. The Zagreb schedule has been widely
adopted in many countries for a number of years, but in China,
where about 12 million doses of rabies vaccine are administered
annually,4,17,18 this vaccination program has been recently
approved for PVRV and PCECV. The vaccination given under
the Zagreb regimen has several advantages over the Essen regi-
men through potentially achieving higher titers on Day 7, being
more economical, and having an expectation of higher compli-
ance due to fewer visits within a shorter time period.19-21

Here we present the results of a randomized, single-center,
open-label clinical trial, conducted in healthy Chinese adults to
evaluate the immunogenicity and safety of 2 different post-expo-
sure immunization schedules with PCECV – the Zagreb regimen
compared with the Essen regimen – and to assess the long-term
antibody response 13 months post-immunization.

Results

Of a total of 825 adult subjects assigned to the Zagreb and
Essen PCECV regimen safety set, 549 and 275 subjects, respec-
tively, were available in the parent study up to Day 42, and 69
subjects in the Zagreb group, and 70 in the Essen group were
available for the immunogenicity analysis (Figure 1). In the
extension study, all enrolled subjects (104 in the Zagreb group,
and 96 in the Essen group) completed the study and were avail-
able to assess persistence of neutralization antibodies 13 months
after the primary vaccination. The baseline demographic charac-
teristics of enrolled subjects are shown in Table 1. There were no

statistically significant differences in age, gender or ethnicity
between the regimen vaccination groups in the overall popula-
tion, the subjects included in the immunogenicity subset up to
Day 42 or in the subjects in the extension study (13-months fol-
low-up).

Immunogenicity
Analysis of antibody responses to the study vaccine under both

regimens using the rapid fluorescent focus inhibition test
(RFFIT) is shown in Figure 2. At Day 7 (i.e., 4 or 7 days after 2
doses of PCECV), the mean neutralizing antibody concentra-
tions were lower than 0.12 IU/mL regardless of the vaccine regi-
men. One week after the third vaccine dose (Day 14), subjects
under both regimens reached adequate RVNA concentrations
(geometric mean concentration [GMC] 8.6 IU/mL for the
Zagreb regimen, and 9.86 IU/mL for the Essen regimen).
The lower limit of the confidence interval (CI) of the difference
between regimens was > ¡1.5, showing non-inferiority of the
Zagreb regimen over the Essen regimen. At Day 42–2 weeks after
the last injection post-Essen and 3 weeks post-Zagreb – the
RVNA GMC increased for both groups (19.0 IU/mL in
the Zagreb group, and 19.9 IU/mL in the Essen group), showing
the Zagreb regimen was again non-inferior to the Essen regimen.
One year after the first dose (Month 13), RVNA concentrations
had significantly declined in both regimens (GMC 2.8 IU/mL
and 2.7 IU/mL in Zagreb and Essen groups, respectively), but
the Zagreb regimen was still non-inferior. Finally, the repeated
measurement analysis showed that neutralizing antibody levels
increased significantly in both groups at Days 7, 14 and 42 in
comparison with baseline (p < 0.05).

The proportion of subjects achieving an adequate immune
response rate (RVNA concentration � 0.5 IU/mL)1 at Day 7
was above 10% for both regimens (Figure 3). The rate of sero-
conversion significantly increased at Day 14 (100% for the
Zagreb group and 97.1% for the Essen group), was 100% for
both regimens at Day 42, and decreased, but was still high, at
Month 13 (90.4% and 94.8% for the Zagreb and Essen regi-
mens, respectively). The lower limit of the CI of the rate differ-
ence between regimens was >¡3.0% at Days 14 and 42,
demonstrating the non-inferiority of the 2-1-1 Zagreb regimen
over the 5-dose Essen regimen at these 2 time points.

Safety
Overall, local and systemic reactions to the first vaccination of

PCECV and during the whole trial were similar for both the regi-
mens, and showed no statistical differences (Table 2). The inci-
dence of any local reactions was 87.9% in the Zagreb regimen,
and 87.6% in the Essen regimen. The most common solicited
local reaction following administration of both PCECV vaccines
was pain at the injection site, which was of mild or moderate
intensity in all cases except for one case of severe pain in the Essen
group. The total occurrence of systemic reactions was 32.2% and
37.4% for Zagreb and Essen regimens, respectively. The most
common solicited systemic reactions were headache, followed by
malaise and fatigue, in most cases of mild intensity. During the
whole course of the study, there was 1 case of severe fever, 2 cases

2806 Volume 10 Issue 10Human Vaccines & Immunotherapeutics



of severe shivering, and 1 case of severe myalgia in the Zagreb
group, while no cases of severe systemic AEs were reported in the
Essen group.

The total frequency of spontaneously reported adverse events,
recorded on Day 1 to Day 42 following vaccination (Table 3),
was similar for both the groups (18.6% in the Zagreb regimen,

and 18.5% in the Essen regimen). Vaccine-related AEs occurred
more frequently in the Essen group than in the Zagreb group
(p D 0.03), and were of mild intensity in all but one case, which
was considered of moderate severity and occurred in the Zagreb
group; pain at the injection site was the most frequently related
AE, reported by 2 subjects in the Zagreb group, and 5 in Essen

Figure 1. Flow diagram of the trial.

Table 1. Baseline Demographic Characteristics of the Study Population

Overall population Immunogenicity subset (Parent study; PPS) Extension study (FAS)

Zagreb
group

(n D 549)

Essen
group

(n D 275) P value

Zagreb
group
(n D 69)

Essen
group
(n D 70) P value

Zagreb
group

(n D 104)

Essen
group
(n D 96) P value

Age, mean (SD), years 38.2 § 7.1 39.3 § 6.9 0.24 38.5 § 7.2 40.5 § 6.3 0.09 39.5 § 7.3 41.4 § 6.5 0.054
Weight, mean (SD), kg 68.2 § 10.9 68.9 § 11.7 0.39 68.2 § 10.5 71.9 § 13.4 0.07 — — —
Height, mean (SD), cm 162.7§ 7.4 162.4 § 8.2 0.63 163.4 § 7.6 165.0 § 9.1 0.28 — — —
Males, n (%) 226 (41.4) 121 (44.0) 0.44 28 (41.1) 37 (56.9) 0.15 65 (62.5) 54 (56.25) 0.37
Asian, n (%) 549 (100) 275 (100) 1.0 69 (100) 70 (100) 1.0 104 (100) 96 (100) 1.0

PPS: per protocol set; FAS: full analysis set.
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group. One subject in each group discontinued vaccination due
to an AE considered possibly related to the vaccine; in one case
this consisted of fever of moderate severity in a subject in the
Zagreb group, and in the other one of blurred vision and bulbar
conjunctive hyperemia of mild severity in a subject in the Essen
group; both subjects recovered completely. One subject in the
Essen group experienced a Serious Adverse Event (SAE), consist-
ing on soft tissue injury in left knee and left shoulder; this SAE
was judged as not related to the vaccine and of mild severity; the
subject was completely recovered after hospital therapy, and did
not lead to study discontinuation. No deaths were reported dur-
ing the study.

Discussion

Intramuscular rabies PEP has been established for several dec-
ades, and the traditional 5-dose Essen regimen recommended by
the WHO has been widely adopted in China, where approxi-
mately 12 million PEP vaccinations are given every year.1,18

Although this regimen gives reliable post-exposure immuniza-
tion, it is associated with well-known drawbacks.22,23 Firstly,
more than 90% of human rabies cases occur in rural areas where
people have lower income levels, and many patients still cannot
afford immunization.22,23 Secondly, studies investigating the
compliance with the full vaccination schedule have shown that it

is high for the first 3 doses, but drops signif-
icantly after thereafter.24 Finally, the higher
the number of visits required to complete
the vaccination schedule, the higher is the
impact on the considerable indirect costs
associated with travel and/or accommoda-
tion to the health centers.25 In order to
reduce costs and offer more simple and eco-
nomical immunization regimens, WHO
started to recommend a reduced 2-1-1 vac-
cine schedule in 1992.26 This Zagreb
scheme has been intensively investigated,
with favorable data from experimental ani-
mal models, from clinical studies showing
that human subjects produce early virus-
neutralizing antibodies by Day 14, epidemi-
ologic surveillance studies demonstrating
that it is safe, and health economics studies
showing the reduced costs and increased
compliance with the omission of the 5th
dose.20,21,24

In China, until recently, the only
licensed rabies vaccine under the 2-1-1 regi-
men was PCECV and PVRV that was man-
ufactured locally.19 In this study, we have
demonstrated the immunogenic non-inferi-
ority of a PCECV given under a post-expo-
sure 4-dose prophylaxis regimen compared
with the traditional 5-dose schedule in
healthy Chinese adult volunteers.

The Zagreb regimen induced adequate neutralizing antibody
concentrations after 3 doses (Day 14), and remained constant
until Day 42. The 2-1-1 regimen was found to be non-inferior to
the Essen regimen at Day 7-, 14- and 42-Day time-points, results
which concur with previous studies comparing the PCECV
under 2-1-1 regimen with the PVRV under both regimens.19

Moreover, all subjects in both PEP regimens achieved adequate
RVNA concentrations � 0.5 IU/mL as defined by the WHO at
Day 14, which is in agreement with previous trials conducted in
children and adults, which have shown that adequate antibody
levels are achieved at Day 14 after 3 or 4 doses of PEP vaccina-
tion, and that titers do not increase, or increase only slightly, after
the fifth dose.19,21 Although in our study antibody levels
decreased 1 year (13 months) after PEP, subjects on both regi-
mens still had adequate RNVA concentrations, and the Zagreb
regimen was again non-inferior to the Essen regimen. Our results
are in line with studies examining the antibody longevity after
PEP vaccination with PCECV, HDCV and PVRV, which
showed that antibodies persist and remain above the � 0.5 IU/
mL level regardless the number of doses received.21 In addition,
our results are in line with other studies conducted with PVRV
and PCECV reporting long-term immunity against rabies virus
following pre-exposure immunization with 3 doses and a single
booster dose after one or 2 years.16,27 Regarding rates of serocon-
version, we did not observe significant differences between the
groups, the Zagreb regimen was non-inferior to the Essen

Figure 2. Rabies virus neutralizing antibody concentrations (GMC) in the Zagreb and Essen
groups (PP set) on Days 7, 14, 42, and Month 13. Error bars and values in parenthesis represent
95% CI. *Dotted reference line: the WHO recommends a specific antibody level of 0.5 IU/ml as
being indicative of an adequate immune response after vaccination.
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regimen at Days 14 and 42. Seroconversion
rates at the 1-year (13-months) time point
showed a significantly lower response in
both groups, which is also in accordance
with previous studies conducted in subjects
vaccinated with PCECV and PVRV.13,21,27

The safety profile of PCECV, in terms
of the reactogenicity of the Zagreb regimen,
was similar to that of the Essen regimen,
indicating similar tolerability. The inci-
dence of adverse events (AEs) resulting in
premature withdrawal from the study was
low, and of similar frequency with both reg-
imens, but vaccine-related AEs occurred
more frequently in the Essen group than in
the Zagreb group.

To our knowledge, this is the largest trial
assessing the PEP Zagreb regimen with
PCECV conducted in the Chinese popula-
tion. The present study, however, may have
some limitations. First, as with any other
clinical trial, the sample size is not big
enough to detect rare adverse events, even if
the safety population of the trial exceeded
the immunogenicity population. The safety
profile however, is not expected to be differ-
ent in the 2 PEP regimens tested and new
safety concerns are not expected based on
the results of previous studies using the
Zagreb post-exposure regimen with PCECV19. Second, the
objective of this study was limited to directly compare the 2 PEP
regimens (Zagreb vs. Essen regimen). Any other comparison,
e.g., with different types of cell culture rabies vaccine like PVRV
or HDCV were not part of this investigation.19

In conclusion, vaccination with PCECV under the 2-1-1
Zagreb regimen is as safe and immunogenic as under the 5-dose
Essen regimen for PEP against the rabies virus, but is also a more
cost-effective option, has a more practical vaccination schedule,
and can potentially increase compliance.

Materials and Methods

Study design and objectives
This phase III, randomized and open-label study was con-

ducted at a single site in Jizhou City, Hebei Province, China
between November 2008 and July 2010 (Clinicaltrials.gov iden-
tifier: NCT00825305, NCT01067079). The protocol was
approved by the Investigational Review Board of Hebei Province
Center for Disease Prevention and Control, and the study was
conducted in accordance with the principles of the Declaration
of Helsinki and Good Clinical Practice guidelines. Before enrol-
ment, written informed consent was obtained from each
participant.

Subject disposition and study design are illustrated in Figure 1.
The study consisted of 2 phases: a first phase or parental study

was performed to evaluate the immunogenicity and safety of the
vaccine at Days 7, 14 and 42 after initial vaccination; and an
extension phase took place to evaluate the safety and persistence
of neutralizing antibodies 13 months post- vaccination.

The primary objectives of the study were to determine the
non-inferiority of the 2-1-1 Zagreb regimen compared with the
conventional Essen regimen with regard to geometric mean
RVNA concentrations on Day 14, and to compare the rates of
seroconversion, defined as RVNA concentrations �0.5 IU/mL,1

13 months after immunization (extension study). Secondary
objectives included comparison of seroconversion rates between
the 2 regimens on Days 7, 14, and 42, to assessment of the
immunization response kinetics at Days 7, 42, and at 13 months
(extension study), and evaluation of the vaccine safety.

The participants were randomized into 2 study groups in a 2:1
ratio to receive the abbreviated PEP Zagreb (2-1-1) regimen or
the conventional Essen (1-1-1-1-1) regimen. Random group
codes were 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 6. The first 75 subjects
randomized to each group were used for the immunogenicity
assessment in the parent study. In the extension study, all subjects
in the immunogenicity subgroup of the parent study were to be
included, and other subjects from the safety set were also
recruited so that 100 subjects could be recruited for each sched-
ule; this was also done randomly, until the number of 100 per
group was reached.

Figure 3. Rates of seroconversion (defined as RVNA � 0.5 IU/mL) in the Zagreb and Essen groups
(PP set) on Days 7, 14, 42, and Month 13 month. Error bars and values in parenthesis represent
95% CI.
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Subjects
Healthy adult volunteers were enrolled, aged 18–50 years, of

both genders, and having not previously undergone vaccination
against rabies. The subjects were in good health as determined by
medical history, physical examination and the clinical judgment
of the investigator. The main exclusion criteria were a history of
rabies vaccination; a current, significant acute or chronic infec-
tious disease which may impact the subject’s safety and /or
immunogenicity at the time of enrollment; a fever higher than
38�C (axillary) and / or a significant acute or chronic infectious
disease requiring a systemic antibiotic or anti-viral therapy within
7 days of enrollment; receiving treatment with corticosteroids,
immunosuppressive or antimalarial drugs within 2 months of
enrollment; receipt of any vaccine; diagnosis of a known /

suspected immunodeficiency, or autoimmune disease, or any
immunologic disorder; a history of allergy to egg protein or
known hypersensitivity to any vaccine component; and treatment
with a parenteral immunoglobulin preparation, blood products
and /or plasma derivatives within the past 3 months. Moreover,
individuals who suffered an animal bite (dog or other wild ani-
mal) or who received an additional dose of rabies vaccine after
their vaccination in the parental study were excluded from the
extension phase.

Vaccines
One mL of PCECV (Rabipur�; Novartis Vaccines, Lot no.

1495 and 1554; manufactured in India and provided directly by
the manufacturers), and containing lyophilized, inactivated rabies

Table 2. Local and systemic reactions occurring in the Zagreb and Essen groups after the first vaccination and during the whole trial duration

After First Vaccination During the Whole Trial

Zagreb group (n D 549) Essen group (n D 275) Zagreb group (n D 549) Essen group (n D 275) P value

Local AEs, any, n (%) 483 (87.9) 241 (87.6) 0.88
Local AEs, n (%)
Erythema 31 (5.7) 10 (3.6)
Mild 0 (0.0) 1 (0.4) 37 (6.7) 17 (6.2)
Moderate 0 (0.0) 1 (0.4)

Swelling
Mild 18 (3.3) 11 (4.0) 42 (7.7) 38 (13.8)

Pain
Mild 392 (71.4) 180 (65.5) 443 (80.7) 215 (78.2)
Moderate 17 (3.1) 4 (1.5) 32 (5.8) 20 (7.3)
Severe 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4)

Systemic AEs, any, n (%) 177 (32.2) 103 (37.4) 0.13
Systemic AEs, n (%)
Fever
Mild 75 (13.7) 46 (16.7) 106 (19.3) 58 (21.1)
Moderate 11 (2.0) 5 (1.8) 17 (3.1) 10 (3.6)
Severe 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0)

Shivering
Mild 9 (1.6) 3 (1.1) 18 (3.3) 8 (2.9)
Moderate 1 (0.2) 0 (0.0) 1 (0.2) 0 (0.0)
Severe 0 (0.0) 0 (0.0) 2 (0.4) 0 (0.0)

Malaise
Mild 23 (4.2) 1 (0.4) 34 (6.2) 16 (5.8)
Moderate 1 (0.2) 0 (0.0) 1 (0.2) 1 (0.4)

Headache
Mild 44 (8.0) 16 (5.8) 84 (15.3) 44 (16.0)
Moderate 4 (0.7) 3 (1.1) 7 (1.3) 5 (1.8)

Nausea
Mild 14 (2.5) 8 (2.9) 26 (4.7) 24 (8.7)
Moderate 0 (0.0) 0 (0.0) 2 (0.4) 0 (0.0)

Myalgia
Mild 9 (1.6) 0 (0.0) 24 (4.4) 20 (7.3)
Moderate 2 (0.4) 0 (0.0) 4 (0.7) 3 (1.1)
Severe 0 (0.0) 0 (0.0) 1 (0.2) 0 (0.0)

Arthralgia
Mild 5 (0.9) 1 (0.4) 11 (2.0) 12 (4.4)
Moderate 2 (0.4) 0 (0.0) 2 (0.4) 1 (0.4)

Fatigue
Mild 26 (4.7) 12 (4.4) 57 (10.4) 34 (12.4)
Moderate 2 (0.4) 0 (0.0) 4 (0.7) 0 (0.0)

Rash
Mild 0 (0.0) 0 (0.0) 3 (0.5) 3 (1.1)

2810 Volume 10 Issue 10Human Vaccines & Immunotherapeutics



virus (Flury LEP strain) with a potency �2.5 IU/mL, was admin-
istered intramuscularly based on one of the following schemes: 2
doses on Day 0, and one dose both on Days 7 and 21 for subjects
in the Zagreb group, and one dose on Days 0, 3, 7, 14, and 28
for subjects in the Essen group.

Immunogenicity assessment
During randomization, 5-mL samples of venous blood were

obtained from the first 150 subjects (75 subjects in each vaccina-
tion regimen) for immunogenicity analyses. Serum samples from
each volunteer were obtained prior to vaccination, and on Days
7, 14, 42, and Month 13. Determination of RVNA using the
RFFIT 28 with CVS-11 as the challenge virus for the assay was
carried out at the National Institute for the Control of Pharma-
ceutical and Biological Products (NICPBP) in Beijing. Based on
WHO criteria, an RVNA concentration �0.5 IU/mL was con-
sidered as adequate based on WHO criteria.1

Reactogenicity assessment
Vaccinated subjects were observed for approximately 30

minutes after each immunization to monitor for immediate
adverse reactions. The frequency and severity of all solicited or
unsolicited AEs were recorded for 6 days following the day of
vaccination, and collected throughout the entire study period
(Day 1 until Month 13). Solicited local reactions were pain at
the site of injection, erythema, and swelling. Solicited systemic
reactions were fever, malaise, myalgia, arthralgia, headache, nau-
sea, and fatigue. The investigator used a standard scale to grade
adverse events, in which symptoms were defined as mild, moder-
ate or severe if they resulted in no limitation of, some limitation
of, or inability to perform the normal daily activities, respectively.

Statistical analysis
For the immunogenicity objectives, each regimen group

required 75 subjects (taking into account a 15% drop out rate) in
the parent study to have a 90% power to support the hypothesis
that the Zagreb regimen was non-inferior to the Essen regimen
in terms of Day 14 antibody titers, and assuming no difference
between the 2 regimens and an inferiority limit of¡1.5 titers lev-
els (log2). Due to an anticipated drop out of subjects, the exten-
sion study had to be bigger than the immunogenicity subset of
the initial study. The sample size of the extension study was based
on the largest number of subjects included in the immunogenic-
ity subgroup of the parent study (n D 150) plus the number of
subjects possibly lost to follow-up in the study in the following

year (n D 50). As for the safety objectives, and taking into
account a drop rate of about 9%, there was a probability higher
than 75% to observe and adverse event (with a true/underlying
rate of 3 per million or more) in a sample size of 500 subjects in
the Zagreb group and 250 in the Essen group.

To assess the non-inferiority of the PCECV immune response
under the Zagreb or Essen regimen, the per-protocol population
(PP) was used, defined as all trial participants who received rele-
vant doses of the study vaccination correctly, who provided all
relevant RVNA determinations, and had no major protocol vio-
lations. Safety was analyzed for all subjects exposed to PCECV.
In the extension study, the full analysis set (FAS), defined as all
participants who provided at least one evaluable serum specimen
and underwent random analysis in the parent study, was used for
immunogenicity assessments. Summary statistics of immune
response variables were determined for the different vaccine
groups, stratified by age, ethnicity, and gender. Log2-trans-
formed GMC of RVNA and the corresponding 2-sided 95% CIs
were determined and compared between the 2 groups using the
generalized linear model (GLM). The criterion for non-inferior-
ity of the Zagreb group vs. the Essen group was demonstrated if
the lower limit of the 2-sided 95% CI for the log2 GMC ratio
was higher than ¡1.5. The non-inferiority test for the rate of
seroconversion was defined as the lower limit of the 2-sided 95%
CI difference between groups higher than ¡3%. Safety data were
summarized by regimen group, providing the frequency and pro-
portion of participants reporting an event.
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Table 3. Incidence of all adverse events occurring in the Zagreb and Essen groups during the trial

Type of reaction Zagreb group (n D 549) Essen group (n D 275) P value

AEs, any, n (%) 102 (18.6) 51 (18.6) 0.99#
AEs possibly or probably related to the vaccine, n (%) 6 (1.1) 9 (3.3) 0.03#
AEs leading to discontinuation, n (%) 1 (0.2) 1 (0.4) 1.00*
SAEs, n (%) 0 1 (0.4) 0.33*

AE D adverse event; SAED Serious AE.
# Chi-Square test.
*P value was determined by Fisher exact probability method.
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