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SUMMARY
Background: Rabies is a fatal zoonotic infectious disease, which can be prevented by prompt post-exposure prophylaxis that could be expensive in countries with a large population. The Essen protocol with injection of 5 single
doses of human rabies vaccine on separate days is a well-known rabies prophylaxis schedule. Decreasing the
number of vaccine doses and the number of clinical visits due to an effective alternative schedule is strongly needed. The 2-1-1 regimen, known as Zagreb, is one of the best candidates to succeed Essen.
Methods: To evaluate the effectiveness of Zagreb regimen in the Iranian population by using the Purified Vero cell
Rabies Vaccine (PVRV), anti-rabies antibody titer was measured in volunteers with second and third exposure
through Rapid Fluorescent Focus Inhibition Test (RFFIT) and Enzyme Linked Immunosorbent Assay (ELISA)
test and compared with patients, who were treated according to the Essen protocol.
Results: In all participants, anti-rabies antibody titer reached the protective level with no suppressive effect of
rabies immunoglobulin in patients with third exposure in Zagreb regimen.
Conclusions: Zagreb regimen could be considered a suitable alternative for the Essen protocol.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.180619)
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INTRODUCTION
Rabies is an acute and progressive encephalomyelitis,
which is the most important deadly zoonotic disease
caused by an RNA virus belonging to the Rhabdoviridae family and genus Lyssavirus. The virus sheds in saliva of an infected animal at a high concentration and is
transmitted through direct contact by the bite or scratch
of a rabid animal to other animals or humans [1-4]. In
order to better understand the risks of infection and performing appropriate anti-rabies prophylaxis strategy, the
World Health Organization (WHO) categorized types of
rabies exposure as: category I - touching or feeding animals, licks on the skin; category II - nibbling of uncov-
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Vaccine, Rabies Treatment and Prophylaxis, Pasteur Institute of Iran. The rabies vaccine injected to all participants was PVRV and the immunoglobulin used for
treatment in 3rd exposure was Human rabies immunoglobulin (HRIG), and the dosages were in accordance
with WHO recommendations [1,12]. There were inclusion and exclusion criteria for selecting the volunteers:
they had no history of immunodeficiency or hypersensitivity to any vaccine and were immune-competent, all
of them had no history of rabies vaccination, were not
taking immune-suppressive or Choloroquine, had not
been immunized with other killed or live vaccines within the last 3 weeks of rabies vaccination, and did not
have any acute febrile disease. For female volunteers,
pregnancy and breast feeding were considered exclusion
criteria. All volunteers were injected intramuscularly
with 0.1 mL of PVRV as it has been used in PREP strategy for many years in our country. This project was designed according to the Helsinki Declaration, the aim of
the project and the blood sampling procedures were explained to the patients clearly and the consent form was
signed by each volunteer or their official custodian.
This study was approved by the Ethical Committees of
Pasteur Institute of Iran, and the committee of Rabies
Control, Ministry of Health, Treatment and Medical Education of Iran.
During this study, three blood samples were taken from
all volunteers in each group on days 0, 21, and 35
(14 and 7 days after the last anti-rabies vaccination, respectively).
The rapid fluorescent focus inhibition test (RFFIT) was
used for measuring the rabies neutralizing antibody titer
as recommended and described by WHO using international reference sera as control [12,13]. Briefly, The
BSR cells (a clone of baby hamster ovary cells) were
grown and used in the test as described previously [1116]. Sera were diluted at 1:3 in the 96-wells micro
plates. A positive serum control standard diluted to a
potency of 0.5 IU/mL and a negative serum control
standard with a potency of < 0.1 IU/mL were prepared
and included in each test. The international reference
anti-rabies immunoglobulin with a known potency of
30 IU was diluted to a potency of 2.0 IU/mL to be used
for comparison and expressing the results of anti-rabies
antibody titers in IU/mL.
Diluted sera were mixed with a constant dose of challenge virus sufficient to cause infection in 80% of the
cells and the mixture was incubated at 37°C for 1 hour.
After incubation, susceptible cells were added to the
serum-virus mixtures and incubated again for 24 hours.
Then, the cellular monolayer was acetone fixed and
stained with anti-nucleocapsid conjugate (Bio-Rad,
France) according to the manufacturer’s instructions to
detect the presence of non-neutralized rabies virus
(fluorescent foci). The fluorescent foci were counted
and the results were calculated by using the Reed and
Muench method [12,13]. The results of antibody titers
were expressed in IU/mL in comparison with the international reference anti-rabies immunoglobulin serum

ered skin, minor scratches or abrasions without bleeding, licks on broken skin; and category III - single or
multiple transdermal bites or scratches, contamination
of mucous membrane with saliva from licks; exposure
to bat bites or scratches [2,3]. Despite its deadly nature,
it could be prevented by avoiding viral exposure and administration of proper prophylaxis strategy using potent
rabies vaccines, according to the World Health Organization recommendations [1,4-6]. There are two main
post-exposure prophylaxis protocols with Intramuscular
(IM) administration of Purified Vero-cell Rabies Vaccines (PVRV) [1-3]. The traditional Essen protocol consists of five single doses of human rabies vaccine injected intramuscularly over a 28-day period, which has
been modified in order to decrease the number of injections to four doses and also, the number of clinic visits.
It was found effective, especially in immunocompetent
individuals, thus it must be considered as an alternative
Rabies Post-Exposure Prophylaxis (RPEP) protocol
with precaution [5,6]. The Zagreb regimen, also known
as the 2-1-1 protocol, consists of bilateral administration of vaccine on day zero, followed by a single dose
on day seven and 21 [5-7]. In both protocols, when a
category III exposure takes place, injection of anti-rabies immunoglobulin on day zero is mandatory, as
strongly recommended by WHO [2,3,5,6]. Although
human rabies has dropped in Iran during the past few
years due to a well-organized surveillance system, continuing health education, and the availability of a potent
human rabies vaccine, there is still a strong need for an
alternative rabies vaccination schedule, which results in
a decrease in the cost of RPEP. This project was conducted following a previous study, which was done as a
pilot study on 25 volunteers with category II exposure
[11]. Herein, the current research evaluated the effectiveness of the Zagreb regimen in comparison with the
traditional Essen regimen in RPEP in volunteers with
second and third category type of exposure (according
to the WHO categories of rabies exposures), who had
been bitten by their pets.
MATERIALS AND METHODS
There were 42 and 30 healthy volunteers with 18 - 60
years old who experienced animal bites in second and
third categories of rabies exposure according to the
WHO recommendations, respectively [1,12]. The clear
and complete information such as the RPEP with focus
on especially Zagreb, the aims of this study, and the
number of required blood specimens was given to both
groups of volunteers. Those patients with exposure of
3rd category had been bitten by their pet animal. We
named these 2 groups of volunteers as Zagreb II and Zagreb III according to the WHO’s category of rabies exposure [1,12]. Also, we collaborated with another
15 healthy volunteers with 3rd rabies exposure experience who were under treatment with the Essen regimen.
All patients were under treatment in the Department of
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and prophylaxis centers is too far [14].
To reduce the cost of RPEP, many investigations have
been performed to estimate the possibility of reduction
in vaccine injections and number of clinic visits [5-10,
13,16-20].
Since rabies is an acute fatal disease, introducing a new
RPEP schedule or replacement of the current RPEP
strategy needs several extensive studies. Herein, this
study was conducted on the effectiveness of Zagreb regimen in an Iranian population, and included both second
and third category of exposures, because there were
some reports about inappropriate effectiveness of Zagreb schedule in patients with third category exposure
when injection with anti-rabies antibody is required,
such as Human Rabies Immune Globulin (HRIG) [2124].
To confirm that all participants in this study had no history of pre- or post- prophylaxis treatment, anti-rabies
antibody titration was done on all blood samples collected in their first visit, prior to initiation of treatment.
According to the WHO instructions for RPEP, the neutralizing antibody titer of ≥ 0.5 IU/mL, measured by
RFFIT method, was considered as the anti-rabies protective antibody titer [12,24].
Herein, the results of the RFFIT method showed that all
participants in this study in both Zagreb (II and III), and
Essen groups reached the protective neutralizing antibody titer (RFFIT ≥ 0.5 IU/mL) and almost four times
higher than that by day 21 (GMT = 17.83 IU/mL and
16.04 IU/mL in Zagreb II and III, respectively). Similar
results were also observed by using an ELISA kit
(2.87 EU/mL in Zagreb II and 2.1 EU/mL in Zagreb
III). These results in Zagreb II patients were in accordance with many studies evaluating the effectiveness of
the Zagreb regimen in different countries. However, the
type of human rabies vaccine or HRIG used in some of
the previous studies was different from those that were
used for RPEP in Iran [6,8,18-24]. Also, the current results in Zagreb III participants was in contrast with a
few reports about the suppression effect of rabies immunoglobulin injection on immune induction due to human
rabies vaccine in patients with third category exposure,
who received RPEP according to the Zagreb schedule
[22-24]. On day 35, one week after the last vaccination,
the anti-rabies antibody in all individuals who participated in this study still remained above the protective
level, as identified by using RFFIT and ELISA. These
observations were also in agreement with some other investigations [17,20-22]. In Zagreb II and III, according
to the RFFIT test, the GMT was calculated as 23.54
IU/mL and 21.46 IU/mL, respectively, while it was
31.32 EU/mL in the Essen group. Also, in the Enzyme
Linked Immunosorbent Assay (ELISA) test on day 35,
successful seroconversion with anti-rabies antibody titer
> 4 EU/mL was identified in all participants in both the
Zagreb and Essen group. The Essen regimen is the most
effective and safe RPEP, as proven by several investigations [2,3,6,8,11,16,17].
In the Zagreb group, GMTs showed slightly lower anti-

with a known potency of 30 IU that had been diluted to
a potency of 2.0 IU/mL. A titer of > 0.5 IU/mL antibody was considered "protective" against rabies.
Herein, we also used an ELISA kit (Bio-Rad, Platelia,
Rabies II, USA) which is based on the extracted rabies
virus glycoprotein and a peroxidase conjugate (protein
A from staphylococcus aureus) as an alternative method
to determine anti-rabies neutralizing antibody titers in
EU/mL according to the manufacturer`s instructions.
Statistical analysis
Data from both laboratory methods used in measuring
anti-rabies antibody titer was analyzed using the repeated measure analysis of variance. Gender and age were
considered as the covariates in this study; p-values
< 0.05 were considered significant.
RESULTS
In two Zagreb groups males made up 31 (77.5%) and
females made up 11 (27.5%) of 42 patients with second
exposure and 22 (73.3%) males and 8 (26.7%) females
(a total of 30 patients) were the volunteers with 3rd exposure. In the Essen group with 15 volunteers there
were 9 (60%) males and 6 (40%) females. No serious
adverse reactions were observed in this study. No participant had any detectable anti-rabies antibody titer prior to vaccination.
The geometric mean titer (GMT) was calculated for
each group according to the type of exposure, RPEP
(Zagreb or Essen), and the laboratory method used for
anti-rabies antibody measurement on both blood samples collected on days 21 and 35, separately. The results
are depicted in Table 1.
Successful seroconversion was confirmed in all participants in both Zagreb II and III and also in Essen group.
Also, it remained at the protective level 1 week after the
last vaccination. GMT results were also compared between males and females and between age groups and
no statistically significant difference was observed (p >
0.05).
DISCUSSION
There are a few fatal diseases with no cure after initiation of symptoms and rabies, with approximately
60,000 deaths each year worldwide, is the most famous
amongst them. However, it is almost completely preventable by using pre- and post-exposure prophylaxis
and human rabies vaccines, such as PVRV, under different vaccination schedules, according to the WHO
recommendations [5]. In Iran, the Essen protocol has
been performed for many years with significant results
in reducing human deaths. Yet still some RPEP failures
occur that are the result of delay in clinic visits or even
incomplete vaccination, especially when the distance
between the patients' residences and the rabies treatment
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Table 1. Geometric mean titer of RPEP in patients with 2nd or 3rd category exposure under Zagreb or Essen schedule.
Type of RPEP 1

Zagreb II 2

Zagreb III 3

Essen

Day of blood
sample
collection→
Laboratory
Method↓

Day 21

Day35

Day21

Day 35

Day 21

Day 35

RFFIT 4
(IU/mL)

17.83
(5.7 - 29.6)

23.54
(6.84 - 31.2)

16.04
(4.2 - 27.4)

21.46
(7.45 - 29.6)

28.41
(8.1 - 36.5)

31.32
(8.9 - 41.6)

ELISA
(EU/mL)

2.87
(1.32 - > 4)

>4

2.1
(0.83 - > 4)

>4

3.1
(2.8 - > 4)

>4

Two blood samples were collected on days 21 and 35 from volunteers with second category (nibbling of uncovered skin, minor scratches or
abrasions without bleeding, licks on broken skin), and third category exposure (single or multiple transdermal bites or scratches, contamination of mucous membrane with saliva from licks; exposure to bat bites or scratches according to the WHO categories for rabies exposure), who
were treated under Zagreb (2-1-1) regimen with injection of two doses of Purified Vero cell Rabies Vaccine (PVRV) on day zero and the remaining two doses were injected separately on days seven and 21. In the group of volunteers with third category exposure, anti-rabies immunoglobulin was injected on day zero. There was also a group of a few volunteers with third category exposure, who were treated under the
Essen protocol with injection of single dose of rabies vaccine (PVRV) on days zero, three, seven, 14, and 28 and anti-rabies immunoglobulin on
day zero. Geometric mean titer (GMT) was calculated according to the anti-rabies antibody titer measured using Rapid Fluorescent Focus Inhibition Test (RFFIT), which is presented in IU/mL and ELISA kit (Bio-Rad, Platelia, Rabies II, USA), which is presented in EU/mL.
1
Rabies Post-exposure Prophylaxis.
2
Group of volunteers with the 2nd category of rabies exposure, who received RPEP under the Zagreb regimen (2-1-1 vaccination protocol).
3
Group of volunteers with the third category of rabies exposure, who received RPEP under the Zagreb regimen (2-1-1 vaccination protocol).
4
Rapid Fluorescent Focus Inhibition Test.

visits is important for developing countries. According
to the results of this study, the Zagreb regimen elicited
high titers of anti-rabies antibody in both second and
third category exposure in the Iranian population with
no adverse effects in the third category exposure; thus,
it could be considered a suitable replacement for the
Essen schedule.

body titer in individuals with third category exposure
compared to those of second category exposure. However, there was no statistically significant difference in
anti-rabies neutralization antibody titers, measured on
day 21 (17.83 IU/mL versus 16.04 IU/mL) for second
and third category exposure, respectively, and on day 35
(23.54 versus 21.46 IU/mL) for second and third category exposure, respectively (p > 0.05). These results
were not in agreement with some reports of inhibitory
effects of anti-rabies antibody injection on anti-rabies
antibody production in patients with third category exposure, who were undergoing RPEP based on the Zagreb regimen [22-24].
Making a significant comparison of RPEP effectiveness
between Zagreb and Essen regimens, this study included 15 volunteers with third category exposure.
However, the results showed that the anti-rabies antibody titer was higher in these patients on both days 21
and 35 in comparison with the results of both Zagreb
groups. These differences were not statistically significant (p > 0.05).
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CONCLUSION
The Essen schedule is one of the most effective protocols and WHO approved the RPEP protocol, and it has
been used for several years in Iran with successful reduction in the number of human rabies deaths. Despite
all these advantages, searching for an effective and alternative RPEP with lower cost and number of clinic
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