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Aim: To assess the immunogenicity and safety of rabies vaccination under the Zagreb and Essen regimens
by performing a meta-analysis. Methods: Electronic databases were searched for eligible studies. Risk
ratios and weighted mean differences with 95% Cls were used to calculate estimates. Results: A total
of 18 studies were included. Rabies virus neutralizing antibody concentration was comparable between
the two regimens at D7 and 14. No significant differences were observed in seroconversion rates from
D14 and 42. Incidence of fever was higher in Zagreb group (risk ratio: 1.55 [1.37-1.76]); but no significant
differences were present for other common adverse events. Conclusion: Rabies vaccination under the
Zagreb regimen was noninferior to the Essen regimen in immunogenicity and had an acceptable safety
profile.

First draft submitted: 23 December 2019; Accepted for publication: 25 February 2020; Published online:
6 May 2020

Keywords: immunogenicity e meta-analysis e rabies vaccine e safety e Zagreb regimen

Rabies is an acute zoonotic disease caused by rabies virus, which almost invariably results in deaths after the onset
of clinical symptoms [1-3]. According to the WHO, rabies causes more than 55,000 deaths each year worldwide,
particularly in developing countries in Asia and Africa [4]. The virus travels to the central nervous system and causes
encephalopathy followed by rapid death. Although being a practically 100% fatal disease, the rabies infection in
human can be prevented and controlled by timely active vaccination under a scientific regimen after exposure to
the virus.

Nowadays, the WHO recommendation for intramuscular postexposure prophylaxis includes two different
immunization regimens: the Essen regimen, which involves five injections administered on each of days 0, 3, 7, 14
and 28; or the Zagreb regimen, with two doses given on day 0 and one dose given on each of days 7 and 21. As
the gold standard for all of the postexposure prophylaxis regimens, the traditional Essen regimen has been formally
approved and widely used almost anywhere in the world since years, but the cost and duration of this regimen
always leads to preventative interventions either not being adopted at all or not being completed, especially in
economically disadvantaged countries where the rate of exposure to rabies is higher than other areas. Compared
with Essen regimen, the Zagreb regimen has been shown to be equivalently effective and more economical.
Moreover, it can be expected to significantly improve patient compliance and rabies vaccine coverage, as it involves
fewer doses and visits within a shorter period [5,6).

Although the Zagreb schedule has been recommended for over 20 years by WHO, this intramuscular post-
exposure prophylaxis can not be selected until recent years and starts to be approved for more rabies vaccines in
some countries, such as China. Additionally, there are still some studies focusing on the comparison of the two kinds
of regimens in the recent decade (7,8]. Therefore, additional information is needed to establish the immunogenicity
and safety profile of this vaccination program. Here we conducted a meta-analysis to evaluate the immunogenicity
and safety of rabies vaccination under the Zagreb regimen compared with the Essen regimen by combining previous
studies.
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Methods

Literature search

Eligible studies were identified by electronic search of databases and cross-checking references of related papers
before 25 September 2019. The databases of PubMed, Sciencedirect, Elsevier and China National Knowledge
Infrastructure were systematically searched using the following search terms: ‘rabies’, ‘vaccine’, ‘post-exposure
prophylaxis’, “Zagreb regimen’, ‘Essen regimen’, ‘immunogenicity’ and ‘safety’. Two independent authors first
retrieved potentially relevant papers according to titles and abstracts and then further screened the articles by
reading full texts. Any disagreements were resolved by discussion.

Inclusion & exclusion criteria

Studies were included if they met the following selection criteria: clinical studies focused on the immunogenicity,
efficacy or safety of rabies vaccination under Zagreb and Essen regimens; the rabies vaccines used are currently
available in clinical practice, including human diploid cell vaccine, purified chick embryo cell (PCECV), purified
Vero cell rabies vaccine (PVRV) and purified duck embryo cell vaccine; participants were given the same vaccines
during the whole intervention; full-text articles written in English or Chinese are available; detailed clinical data
were present. Except for original articles, other publications like letters, reviews, case reports or editorial articles
were rejected.

Data extraction

Two reviewers independently extracted data from eligible papers into a standardized data collection form. The
following data were collected: the first author’s name, year of publication, country, study design, subjects inclusion
and exclusion criteria, number of participants, age, gender, vaccine type, administration of rabies immunoglobulin
(yes or no), assay and date to test rabies virus neutralizing antibody (RVNA) response, the immunogenicity of
vaccines in RVNA concentrations and the percentage of seroconverted subjects with RVNA >0.5 TU/ml (chis
antibody titer of >0.5 IU/ml is globally accepted, which was established by the WHO as evidence of an immune
response in humans against the rabies virus) and adverse events (local and systemic symptoms). The two reviewers
reached consensus on each items through discussion.

The RVNA responses measured on D42 and D45 after the first injection were considered as the same outcome
measure. Adverse events reported in more than five studies were extracted and analyzed. Local symptoms include
pain, induration, erythema, pruritus and swelling; systemic symptoms include fever, malaise, nausea, headache,
myalgia and fatigue. For the study of Fang ez al. assessing the safety and immunogenicity of PVRV and PCECV
under Zagreb and Essen regimens, we extracted two sets of data for meta-analyses, namely data for PVRV and data
for PCECV (g]. For the trial of Li et al. assessing the immune response and safety of PCECV in two age cohorts
(children and older adults), we also extracted two sets of data for meta-analyses, namely data for children and data
for older adults (91.

Quality assessment

Methodological quality of included studies was assessing with the Cochrane Collaboration tool [10]. The ‘risk of
bias” tool consists of seven items: random sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias.
Risk of bias for each item was graded as low’, ‘unclear’ and ‘high’. Two investigators appraised the study quality
independently and discrepancies were resolved by discussion.

Data analysis

Our objectives were the seroconversion rate, RVNA concentration and adverse events. Risk ratios (RR) and 95%
ClIs were calculated for the seroconversion rate and adverse events; weighted mean differences (WMDs) and 95%
ClIs were calculated for RVNA concentration. Cls were used for statistical test and a 95% CI without 1 for RR
or without 0 for WMD indicated a significant difference between the two regimens. RVNA levels per study
that were expressed as error bars in 95% Cls were converted to standard deviation according to The Cochrane
Handbook 7.7.3.2 [10]. In data synthesis, overall estimates were calculated by using a random-effects model based
on Mantel-Haenszel method when significant heterogeneity was present, while a fixed-effects model was used
when no significant heterogeneity was found. I was used as a measure of heterogeneity across studies. An I >50%
suggests the presence of significant heterogeneity. In the case of significant heterogeneity, sensitivity analyses were
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1252 studies identified from PubMed, 4 studies identified from crosschecking
Sciencedirect, Elsevier, and CNKI reference lists

1184 studies excluded based on
titles and abstracts:

Duplication: 238

Non-related: 702

Not original articles: 233

Full text not available: 11

72 studies underwent full-text review and
data extraction

Excluded (n = 54):

Not English or Chinese: 19
Other new vaccine: 9
Co-administration: 3
Qutcomes of no interest: 12
Insufficient data: 11

18 studies included in the meta-analysis

Figure 1. Flowchart of study selection.
CNKI: China National Knowledge Infrastructure.

done to explore the impact of an individual study by dropping one study each time; or subgroup analyses were
conducted according to age cohorts. Begg’s and Egger’s test were performed to test publication bias, of which a p
< 0.05 suggests the existence of publication bias. Stata version 15.0 and Review Manager version 5.3 were used to
conduct the meta-analysis.

Results

Study selection

The database search yielded 1252 studies and manual search retrieved four studies, resulting in 1256 potentially
relevant publications, of which 72 articles were included based on titles and abstracts and underwent full text
review. According to the inclusion and exclusion criteria, 18 studies were considered eligible and finally used to
meta-analyze [6,8,9,11-25]. The process of study selection is shown in Figure 1.

Study characteristics

All the included studies were conducted in Asia (China, India, Turkey) over a period of 8 years (2011-2018). A total
of 7369 and 22631 participants were included in immunogenicity analysis and safety analysis, respectively. The
vaccines used were PCECV, PVRV and human diploid cell vaccine. Among 13 studies evaluating immunogenicity,
the RVNA assessment was done by using rapid fluorescent focus inhibition test in 12 studies and ELISA in one
study [6,8,9,11-16,18,20-22]. Table 1 shows detailed characteristics of the included studies.

Regarding methodological quality, a majority of included studies had a low risk of bias. Several studies that did
not mention randomization or allocation were assessed as unclear or high risk of bias in the category ‘selection bias’.
Because we judged that the outcomes are not likely to be influenced by lack of blinding, performance bias and
detection bias remained at low risk of bias in all cases. Our ratings of the risk of bias in each studies are displayed
in Figure 2.

Immunogenicity
The immunogenicity as measured by the proportion of participants with RVNA titers >0.5 IU/ml was analyzed at
7, 14, 42 and 365 days postimmunization. Summarized outcomes among 13 studies regarding the seroconversion
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Table 1. Study characteristics.

First author

Chen
Chen
Fang

Huang

Li

Liu

Ma
Mahendra
Mao

Miao
Sari
Shao
Shi
Wang
Xie

Xie
Ye

Year

2015
2018
2014

2014
2014

2015

2011
2014
2015
2013

2018
2014
2013
2017
2017
2015

2016
2017

Country  Study design Subjects in the Zagreb regimen Subjects in the Essen regimen Vaccine RIG Ref.
Number  Age Sex (M/F) Number  Age Sex (M/F)
China Prospective 229 3419 £7.88 131/98 199 33.45+8.05 107/92 PVRV Yes [11]
China Prospective 273 10-60 136/137 256 10-60 178/178 HDCV No [12]
China Prospective 84 - - 81 - - PCECV No [8]
11 - - 11 - - PVRV No
China Prospective 132 38.13£27.08 59/73 126 35.83+26.48 61/65 PCECV No [13]
China 986 0-83 502/484 878 0-82 452/426 PVRV Yes [14]
Retrospective
China Prospective 121 1M1+3 72/49 122 108 +2.9 46/76 PCECV No [9]
201 62.1 £ 6.5 83/118 200 61.9+6.8 77/123
China Prospective 50 22-57 24/26 30 20-54 14/16 PVRV No [6]
China Prospective 69 382+7.1 28/41 70 39.3+6.9 37/33 PCECV No [15]
India Prospective 124 29.1 £ 8.8 - 121 27.2+73 - PCECV No [16]
China 3950 - - 2151 - - PVRV No [17]
Retrospective
China Prospective 598 33.96 £12.20 - 604 33.86 +£11.91 - PVRV No [18]
Turkey Prospective 607 1-98 - 154 1-98 - PVRV Yes [19]
China Prospective 437 18-59 263/174 400 18-59 159/141 PCECV No [20]
China Prospective 4972 33.7+19.8 2608/2364 5587 33.5+20.4 2878/2709 PVRV No [21]
China Prospective 57 61.7 £8.2 27/30 50 59.6 +6.3 22/28 PVRV No [22]
China 102 6-81 52/50 116 3-85 53 /63 PVRV No [23]
Retrospective
China Prospective 450 - - 450 - - PVRV No [24]
China Prospective 91 26.8 +8.2 91 47/44 274+84 46/45 PVRV No [25]

F: Female; HDCV: Human diploid cell vaccine; M: Male; PCECV: Purified chick embryo cell; PVRV: Purified Vero cell rabies vaccine; RIG: Rabies immunoglobulin.

rate are shown in Figure 3. At day 7, the percentage of individual with adequate RVNA titers under the Zagreb
regimen was significantly higher than the Essen regimen (RR: 1.22; 95% CI: 1.15-1.30; I? = 0%). One week after
the third vaccine dose (day 14), almost all subjects under both regimens reached to positive for rabies antibody and
no difference between two groups was found (RR: 1.00; 95% CI: 0.99-1.01; I? = 0%); this result remained at day
42, 3 weeks after the last injection in Zagreb and 2 weeks in Essen (RR: 1.00; 95% CI: 0.99-1.00; I* = 0%). For
long-term efficacy, the overall estimate at day 365 showed that possibly the Zagreb regimen was again noninferior
to the Essen regimen (RR: 0.95; 95% CI: 0.90-1.00; I* = 0%).

There were totally six studies reporting RVNA concentration. In these studies, subjects having previously received
any rabies vaccine were excluded and no rabies immunoglobulin was involved in the whole vaccination treatment.
Estimates of RVNA concentration at 7, 14, 42 and 365 days postimmunization were tested in 4, 6, 5 and 3 studies,
respectively. On day 7, the results showed that both regimens attained comparable RVNA concentration (WMD:
-0.25; 95% CI: -0.67-0.17; I* = 93%); omitting the study of Mahendra et a/. decreased the heterogeneity to 7%
but did not affect the result and the reason for this may be a few subjects enrolled in this study exhibited RVNA
concentration >0.5 IU/ml before vaccination. Antibody concentration remained comparable from D14 (WMD:
-0.71; 95% CI: -1.53-0.10; I? = 26%), but there was a trend of lower concentration in the Zagreb group according
to the higher 95% CI. Expectedly, 3 weeks later (D42) patients with rabies vaccination under the Zagreb regimen
achieved significantly lower RVNA concentration compared with those in the Essen regimen (WMD: -3.40, 95%
CI: from -6.24 to -0 .56; I> = 81%). In the interpretation of heterogeneity of concentration on day 42, sensitivity
analysis revealed that data of Li ez a/. from children group had an impact on the heterogeneity but did not change
the result. One year after the first dose (day 365), RVNA concentration in both regimens returned to comparable
levels (WMD: -0 .03; 95% CI: -0.54-0.48; I = 0%).

Safety
In order to evaluate the safety of rabies vaccination under the Zagreb and the Essen regimens, both the most common
local and systemic adverse events were extracted and meta-analyzed. No deaths related to rabies virus were reported
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among 14 analyzed studies [6,8,9,13,15-17,19-25]. Table 2 showed the summary of the safety comparison between the
two groups. When comparing local symptoms in the overall population, incidences of pain, induration, pruritus
and swelling were comparable among subjects following either regimen; however, erythema was more frequently
in the Essen regimen than in the Zagreb regimen. The overall estimates of systemic adverse events, irrespective of
population, showed that a significant difference was only found in fever and there were no differences in other
systemic symptoms (malaise, nausea, headache, myalgia and fatigue). When analyzing fever, an 12 of 50% was found.
Subgroup analyses stratified by age showed that the difference in the incidence of fever became less significant in
the adults group (>18 years old) based on its RR of 1.31 (95% CI: 1.10-1.57) and heterogeneity decreased to 8%,
while in the children group (<18 years old), the difference becomes more significant according to its RR of 1.75
(95% CI: 1.46-2.10) and heterogeneity decreased to 32%.
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Study %
ID RR (95% Cl) weight
7d
Fang (2014; 1) ———— 1.19 (0.94-1.50) 6.62
Fang (2014; 2) — 1.40 (1.14-1.71) 8.31
Hu (2014) — 1.24 (1.05-1.48) 11.90
Liu (2011) + 1.49 (0.97-2.28) 2.40
Ma (2014) 1.01 (0.38-2.74) 0.96
Mahendra (2015) —— 1.31 (1.17-1.46) 12.70
Miao (2018) — 1.24 (1.02-1.49) 15.68
Shao (2013) —— 1.13 (1.03-1.24) 36.71
Shi (2017) * 1.25 (0.79-1.97) 3.97
Wang (2017) * 1.23 (0.42-3.63) 0.74
Subtotal (I-squared = 0.0%; p = 0.631) < 1.22 (1.15-1.30) 100.00
14d
Chen (2018) * 1.00 (0.99-1.01) 16.86
Hu (2014) * 1.00 (0.99-1.01) 8.92
Li (2015; 1) * 1.00 (0.98-1.02) 7.75
Li (2015; 2) ¢ 1.00 (0.97-1.02) 12.66
Liu (2011) - 1.01 (0.95-1.06) 2.39
Ma (2014) 1.02 (0.98-1.07) 4.32
Mahendra (2015) 1.00 (0.98-1.02) 7.88
Miao (2018) 1.00 (0.97-1.03) 18.78
Shi (2017) 1.01 (1.00-1.02) 17.04
Wang (2017) 1.00 (0.97-1.04) 3.40
Subtotal (I-squared = 0.0%; p = 0.985) 1.00 (0.99-1.01) 100.00
42d
Chen (2015) 1.00 (0.99-1.01) 6.88
Hu (2014) 1.00 (0.98-1.02) 4.09
Huang (2014) 1.00 (1.00-1.00) 28.66
Li (2015; 1) 1.00 (0.98-1.02) 3.93
Li (2015; 2) 1.00 (0.99-1.01) 6.48
Liu (2011) 1.01 (0.95-1.07) 1.13
Ma (2014) 1.00 (0.97-1.03) 2.25
Mahendra (2015) 1.00 (0.98-1.02) 3.96
Miao (2018) 0.99 (0.97-1.01) 18.92
Shao (2013) 0.99 (0.97-1.01) 13.27
Shi (2017) 1.00 (0.99-1.01) 8.71
Wang (2017) 1.00 (0.97-1.04) 1.72
Subtotal (I-squared = 0.0%; p = 0.734) 1.00 (0.99-1.00) 100.00
365d
Fang (2014; 1) 0.95 (0.89-1.02) 14.36
Fang (2014; 2) 0.94 (0.88-1.02) 18.93
Hu (2014) 0.94 (0.87-1.01) 19.18
Ma (2014) 0.95 (0.88-1.03) 16.90
Shi (2017) 0.93 (0.80-1.09) 26.98
Wang (2017) 1.02 (0.69-1.50) 3.66
Subtotal (I-squared = 0.0%; p = 0.997) 0.95 (0.90-1.00) 100.00
T T
0.276 1.0 3.63

Figure 3. Forest plots of the overall pooled seroconversion rates at D7, 14, 42 and 365.
RR: Risk ratio.
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Table 2. Summary of safety analysis in the overall population comparing the Zagreb and the Essen regimens.
Adverse events Number of study Analysis model RR 95% Cl (%) 12 value (%) Significant difference’

Local symptoms

- Pain 13 RE 1.11 0.98-1.25 1" No
- Induration 1 FE 0.92 0.74-1.14 0 No
— Erythema 7 FE 0.67 0.50-0.88 0 Yes
- Pruritus 7 FE 1.01 0.82-1.24 45 No
- Swelling 8 FE 0.99 0.94-1.05 24 No
Systemic symptoms

- Fever 12 FE 1.55 1.37-1.76 50 Yes
- Malaise 6 FE 1.27 0.90-1.80 0 No
- Nausea 14 FE 1.03 0.85-1.24 9 No
— Headache 9 FE 1.12 0.93-1.33 5 No
- Myalgia 7 FE 0.87 0.57-1.33 0 No
- Fatigue 8 FE 1.02 0.91-1.15 40 No

TSignificant differences of outcomes between the Zagreb and the Essen regimens.
FE: Fixed-effects model; RE: Random-effects model; RR: Risk ratio.

Evaluation of publication bias

Begg’s and Egger’s test were performed based on studies with data on the seroconversion rate at 42 days, local
symptoms and systemic symptoms, which suggested no publication bias among the included studies (p = 0.279, p
=0.388 and p = 0.253, respectively).

Discussion

Rabies is an acute neurological disease with almost 100% of fatality rate [26]. Postexposure prophylaxis is the most
important method to prevent and control rabies, including timely vaccination with full doses [1]. Intramuscular
rabies vaccination after exposure to the virus has been established for several decades and the traditional five-
dose Essen regimen recommended by the WHO had been widely adopted in the world 4,27. However, exposed
individuals often withdrew midway and failed to complete the vaccine schedule and thus remained a high risk of
rabies virus infection, especially in low-income areas. In order to reduce costs and develop simpler regimens, WHO
started to recommend an abbreviated four-dose Zagreb regimen in 1992 [28]. Since then, this Zagreb scheme has
been intensively investigated from aspects of immunogenicity and safety.

This meta-analysis was conducted to compare the immunogenicity and safety for the use of rabies vaccination
administered intramuscularly under the Zagreb and Essen regimens. Our results showed that the Zagreb schedule
is noninferior in terms of immunogenicity to the conventional Essen schedule by day 14 and 42 as far as the rates of
seroconversion concerned; regarding safety, this four-dose regimen causes slightly more fever, especially in children,
which may be due to a double dose at first time vaccination and physiological responses to primary immunization,
but noninferiority is demonstrated in other adverse events.

In immunogenicity analysis, data synthesis revealed a significant difference between the two groups on D7
in terms of seroconversion, indicating that the Zagreb induces much earlier antibody comparing with the Essen
regimen, which might be more suitable for seriously exposed patients to develop protective antibodies as soon as
possible and thus decrease the risk of human rabies. In the analysis of RVNA concentration, the estimates in the
Zagreb group were comparable with the Essen group at D7 and 14 after the first injection, but were significantly
lower from D42. However, no significant differences were observed in the seroconversion rates between the two
regimens from D14 and 42 and these results are in line with the meta-analysis by Scott er /. examining the
immunogenicity of PCECV under four- or five-dose regimens [29]. Furthermore, we meta-analyzed the antibody
persistence at D365 postimmunization and again found no significant difference between the two groups, but the
higher 95% CI of 1.00 precluded us to make a conclusion and thus further studies are needed to provide more
robust evidence on this issue.

Adverse events were considered as the biggest challenge for rabies vaccination under the Zagreb regimen due to
the administration of a double-dose vaccine on the first day. In the present study, local adverse events were reported
as pain, induration, erythema, pruritus and swelling. The Zagreb was found noninferior to the Essen regimen in
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these local symptoms and even can decrease the possibility of erythema. Systemic adverse events were analyzed
as fever, malaise, nausea, headache, myalgia and fatigue. It is observed that the Zagreb schedule induces more
fever, especially in <18-year-old patients, which may be associated with more rapid stimulus in a short time and
the relatively low immunity of children. However, equivalences were demonstrated between the two schedules in
other systemic symptoms. Therefore, the four-dose Zagreb vaccination regimen having an acceptable safety profile
is evidence based, as reported by many previous studies [9,15,16]. However, in order to avoid serious side effects
caused by fever, particular care needs to be well-prepared and exercised when clinical rabies immunization under
the Zagreb regimen is used in children and adolescents.

As a simpler vaccination schedule, the Zagreb regimen was shown to be as effective as the conventional Essen
regimen for preventing human rabies and to have a quick response to immunization. Furthermore, this regimen
cuts the whole vaccination period from 28 to 21 days, which can greatly reduce workload and improve patients’
compliance [9,14,30]. The findings of this study may provide more information to vaccinees and medical personnel
and authorities to have confidence in the four-dose Zagreb regimen. To our knowledge, this is the first meta-analysis
specially comparing the Zagreb and the Essen regimens in terms of immunogenicity and safety. The present study,
however, may have some limitations. First, rare adverse events were not covered in our analysis due to limited data,
even if the safety population was larger than the immunogenicity population. Second, significant heterogeneity
in the estimate of RVNA concentration on D42 was caused by the study analyzing children, which suggests that
age may be a factor influencing the antibody response, but further analyses were unavailable because of lack of
data. Third, for the reason that all the selected studies were conducted in Asian countries and most in China,
geographical factor could bring some bias in the final analysis.

Conclusion

The immunogenicity analysis showed that the Zagreb regimen was noninferior to the Essen regimen in preventing
rabies in human and had an acceptable safety profile. This more practical vaccination schedule shows fewer doses
and lower cost, which is worth promoting. However, given a double dose at the first injection, this four-dose
Zagreb regimen might induce more fever. Close attention should be paid, particularly in children, when adopting
the Zagreb regimen for rabies immunization. Further studies are encouraged to provide more robust evidence.

Summary points

e Rabies is a fetal zoonotic disease but can be prevented and controlled by timely active vaccination under a
scientific regimen after exposure to the virus.

e The Essen regimen and the Zagreb regimen are two immunization regimens for intramuscular postexposure
prophylaxis recommended by WHO.

e This is the first meta-analysis specially comparing the Zagreb and the Essen regimens in terms of immunogenicity
and safety.

e A total of 18 studies were included in this meta-analysis. For immunogenicity, seroconversion rate and rabies virus
neutralizing antibody concentration were examined. For safety, local and systemic adverse events were analyzed.

e The meta-analysis found that the Zagreb regimen and the Essen regimen had similar immunogenicity, with the
comparable seroconversion rates at D7 and 14.

e The Zagreb regimen induced more fever, especially in children, but was noninferior to the Essen regimen in other
adverse events (pain, induration, erythema, pruritus, swelling, malaise, nausea, headache, myalgia and fatigue).

e The Zagreb regimen was noninferior to the Essen regimen in preventing rabies in human and had an acceptable
safety profile.

e Close attention should be paid, particularly in children, when adopting the Zagreb regimen for rabies
immunization.
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