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Abstract:
Introduction: Despite the effective pre- and post-exposure treatments, at least 60,000 deaths from rabies oc-
cur worldwide every year. Post-exposure treatment is considered as one of  the most significant measures for 
preventing human deaths in exposed individuals. The 2-1-1 rabies post-exposure treatment schedule known as 
Zagreb regimen is an abbreviated immunization plan in which a tissue culture rabies vaccine is administered 
intramuscularly at two sites on day 0 and at one site on days 7 and 21. Objectives: In this study the efficacy of 
rabies vaccine administration under Zagreb regimen in an Iranian group of  patients attending Pasteur Institute 
of  Iran was evaluated. Methods: Rabies neutralizing antibody titer was measured in 75 serum samples collected 
from 25 volunteers receiving post exposure treatment by rapid fluorescent focus inhibition test (RFFIT), and 
ELISA. Results: All patients were negative for rabies antibody in both ELISA and FRRIT tests on day 0. A 
satisfactory rabies virus antibody response with the titer of  ≥0.5 IU/ml was detected in all patients on day 21 
and two weeks after the completion of  vaccination (day 35). Conclusions: Rabies immunization with rabies Ve-
ro-cell vaccine (PVRV) under the 2-1-1 schedule (Zagreb regimen) could result in an adequate immune response 
without any adverse effect. However a more comprehensive comparative study is underway to confirm these 
findings. Vac Res, 2014, 1 (1): 25 - 27
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INTRODUCTION
 
Human rabies is a viral encephalitis caused by RNA vi-
ruses belonging to the family Rhabdoviridae, genus Lys-
savirus with high mortality that is usually transmitted by 
the bite or scratch of a rabid animal to humans [1]. 
Treatment of the exposed person depends on the appraisal 
of the risk of infection and consists of no treatment for 
category I, vaccine alone for category II and immediate 
treatment of category III by vaccination therapy with ra-
bies immunoglobulin [2]. There are two main post-expo-
sure prophylaxis protocols with intramuscular (IM) ad-

ministration of cell culture rabies vaccines recommended 
by WHO [2, 3]. The Essen protocol is the gold standard 
for immunization consisting of 5 single doses of vaccine 
injected intramuscularly over a 28-day period and the 
Zagreb regimen known as 2-1-1 protocol is administered 
over a 21-day duration with two doses at two separate 

*Corresponding Author: Pooneh Rahimi
Department of Hepatitis and AIDS, Pasteur Institute of Iran, No. 69, 
Pasteur Ave, Tehran, Iran, 1316943551. 
Email: Prahimi@pasteur.ac.ir 
Tel: +98 21 64112240                   Fax: +98 21 66969291

Original Article

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
va

cr
es

.1
.1

.2
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 v
ac

re
s.

pa
st

eu
r.

ac
.ir

 o
n 

20
25

-0
7-

13
 ]

 

                               1 / 3

http://dx.doi.org/10.18869/acadpub.vacres.1.1.25
http://vacres.pasteur.ac.ir/article-1-32-en.html


26Volume 1 - Number 1 - Aug 2014

sites on D0, followed by single doses on days 7 and 21 
[4].
Human diploid cell culture vaccine (HDCV) was used 
throughout the country prior to 1992, but was replaced by 
rabies Vero-cell vaccine (Aventis Pasteur, France) under 
the Essen 5- dose regimen for both pre- and post exposure 
immunization [5, 6, 7]. Post exposure vaccination using 
ESSEN regimen has been very successful in reducing the 
number of human deaths due to rabies however, simpli-
fy-ing the procedure could save time and money and con-
sequently result in better patient compliance especially for 
those living in remote areas. The 2-1-1 regimen needing 
only 3 visits to the health centers seems a more acceptable 
alternative both economically and time-wise. This study 
was undertaken to assess the antibody level raised in pa-
tient volunteers immunized with 2-1-1 schedule.
 
MATERIALS AND METHODS

Patients. Participants were 25 healthy volunteers with 
animal bites of the second category who were under treat-
ment in the Department of Vaccine, Rabies Treatment and 
Prophylaxis, Pasteur Institute of Iran. According to the 
Helsinki Declaration, the aim of the project and the blood 
sampling procedures were explained to the patients and 
the consent form was signed by each volunteer.
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 Edu-
cation of Iran. Patients were between 18-60 years old and 
immune-competent, had no history of rabies vaccination, 
were not taking immune-suppressives 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. Three blood samples were 
taken on days 0, 21 and 35.

Assessment of post-immunization immune response. 
Rabies neutralizing antibody titer was measured using 
the rapid fluorescent focus inhibition test (RFFIT) as 
described by WHO [8, 9] using international reference 
sera as control. Briefly, The BSR cells (a clone of baby 
hamster ovary cells) were grown and used in the test as 
described previously [9]. Sera were diluted at 1:3 in the 
96-wells micro plates and mixed with a constant dose of 
challenge virus sufficient to cause infection in 80% of the 
cells and the sera-virus mixture was incubated at 37°C 
for 1 h. After incubation, susceptible cells were added to 
the serum-virus mixtures, and after a further 24 h of incu-
bation, the cell monolayer was acetone fixed and stained 
with anti-nucleocapsid conjugate (Bio-Rad, France) ac-
cording to the manufacturer`s instructions and the fluo-
rescent foci counted. Calculations were done by the Reed 
and Muench method [8].
Anti-rabies neutralizing antibody titers were also deter-
mined by ELISA (Bio-Rad, USA) according to the manu-
facturer`s instruction.

Statistical Analysis. Data from RFFIT and ELISA were 
analyzed using the repeated measure analysis of variance.  
Sex and age were considered as the covariates in this 

study and p-values <0.05 were considered significant.

RESULTS

Of the total of 25 patients 15 (60%) were male and 10 
(40%) female with the median age of 27.2 and 26 respec-
tively. All patients were negative for rabies antibody in 
both ELISA and FRRIT tests on D0.
An antibody response significantly higher than >0.5 
IU/ml was detected in all subjects on day 21 and on 
day 35.

The geometric mean titer (GMT) of the RFFIT test was 
15.6 and 27.3 IU/ml in serum samples of D21 and D35 
respectively (Table 1), and 2.31 and 4.9 in sera of D21 and 
D35 by ELISA (Table 2).

In this study, there was no significant correlation be-
tween sex and age (covariates) and the titer of the an-
ti-rabies antibody (P >0.6), but the difference between the 
antibody level on D0, D21 and D35 was statistically sig-
nificant (P <0.016). No adverse effects such as pruritus, 
erythematous rash, fever, nausea, pain were observed in 
the vaccines.

DISCUSSION

The onset of clinical symptoms in human rabies invaria-
bly results in death, but prompt and appropriate post-ex-
posure prophylaxis prevents the fatalities [2]. Selection of 
an appropriate regimen for post-exposure treatment from 
the several approved by WHO is a decision made by indi-
vidual countries. The efficacy of an immunization proto-
col is judged by the presence of neutralizing antibody in 
the sera of the vaccinees to the level of >0.5 IU/ml by day 
14 as recommended by WHO [2, 10]. Essen immunization 
which is the gold standard of rabies post-exposure treat-
ment (PET) consists of 5 intramuscular injection of 0.1 ml 
out of an 0.5 ml PVRV vial which has to be used within 
6-8 h after opening with or without rabies immunoglob-
ulin. The cost of the vaccine, coupled with expenditures 
incurred for travelling, visits to the clinics and other ser-

Table 1. Rabies antibody titer obtained by rapid fluorescent 
focus inhibition test (RFFIT)

*ND: Not Detectable

Table 2. ELISA results of rabies antibody titer

*ND: Not Detectable

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
va

cr
es

.1
.1

.2
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 v
ac

re
s.

pa
st

eu
r.

ac
.ir

 o
n 

20
25

-0
7-

13
 ]

 

                               2 / 3

http://dx.doi.org/10.18869/acadpub.vacres.1.1.25
http://vacres.pasteur.ac.ir/article-1-32-en.html


27 Volume 1 - Number 1 - Aug 2014

vices over a period of 28 days make this protocol a costly 
one. It has been estimated that the cost of PET in Asia and 
Africa accounts for 83% of the total budget allocated for 
rabies control [11]. Zagreb regimen is a shortened version 
of Essen treatment, reducing the number of injections, 
visits and duration of the treatment, making it economi-
cally more acceptable. Clinical trials and epidemiological 
studies have demonstrated the efficacy of Zagreb protocol 
[8, 10, 12]
All patients were negative for anti-rabies antibody pri-
or to treatment (D0) but subsequently showed significant 
increase in anti-rabies antibody on day 21 (Table 1). In a 
study conducted in China using locally produced PVRV 
administered under the 2-1-1 regimen similar anti-body 
levels were reported [8]. Furthermore, Liu et al. [8] did 
not observe a significant difference in antibody level be-
tween subjects undergoing vaccination under Essen proto-
col with those of Zagreb method. 
In line with the WHO recommendations, antibody ti-ters 
of ≥0.5 IU/ml was considered indicative of seroconver-
sion and in this study, this value was almost 3 times high-
er; therefore seroconversion was 100% by day 21. In con-
clusion, this study showed that rabies vaccination with 
PVRV under the 2-1-1 schedule (Zagreb regimen) could 
results in satisfactorily seroconversion without any ad-
verse effect.
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