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Abstract.  The aim of this Phase 3, randomized study was to assess the 
immunogenicity and safety of a purified Vero cell rabies vaccine, PVRV-
NG2, compared with the current rabies standard of care vaccine (PVRV), 
using a simulated post-exposure prophylaxis regimen with intradermal 
(ID) vaccination on day (D) 0, D3, D7, and D28 in healthy pediatric 
(≥1 to <18 years of age) and adult (≥18 years of age) participants, with 
concomitant administration of rabies immunoglobulin [RIG]).  Rabies virus 
neutralizing antibody (RVNA) titers were determined on D0, D14, D42, 
and D90.  Enrolled participants (n = 402) consisted of pediatrics (n = 168) 
divided into two groups, Group 1 receiving PVRV-NG2 (n = 112) and Group 
2 receiving PVRV (n = 56), and of adults (n = 234) divided into 4 groups, 
Group 3 receiving PVRV-NG2+equine RIG (ERIG, n = 26), Group 4 receiving 
PVRV+ERIG (n = 14), Group 5 receiving PVRV-NG2+human RIG (HRIG, 
n = 129), and Group 6 receiving PVRV+HRIG (n = 65).  By D14, nearly all 
pediatric participants achieved RVNA titer ≥0.5 IU/ml, while only 52-75% 
of adults achieved this titer when both vaccines were co-administered with 
RIGs.  By D42, 96 and 100% of adults who received PVRV-NG2 and PVRV 
respectively, had RVNA titers ≥0.5 IU/ml.  By D90, all, except two, pediatric 
participants had RVNA titers that persisted at ≥0.5 IU/ml, while 75 and 78% 
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INTRODUCTION

R a b i e s  c a u s e s  a b o u t  5 9 , 0 0 0 
human deaths annually worldwide, 
the  ma jor i ty  o f  which  occur  in 
children under 15 years of age in 
poor and rural areas of Africa and 
Asia (Knobel et al, 2005; Hampson et 
al, 2015; Durrheim, 2017), although, 
owing to the widespread under-
reporting of rabies cases, the true 
death toll is probably much higher.  
Rabies is endemic in Thailand, with 
40% of those bitten by suspected 
rabid animals being children (WHO, 
2024a).  Surveillance data showed 
fatalities across Thailand peaking 
at  18 fatal  cases  in  2018 (WHO, 
2024b).  In Thailand, children have 
the  highest  exposure  rate ,  with 

189.7 exposures/100,000 population, 
compared with other age groups 
( Jane Ling et al, 2023).

Effective rabies prevention relies 
on increas ing  awareness  o f  the 
disease, enhancing access to vaccines 
for high-risk populations, ensuring 
timely wound care management in 
the event of exposure, and limiting 
rabies in domestic and wild animals 
through control efforts including 
a n i m a l  va c c i n a t i o n  p r o g r a m s .  
Therefore, access to effective rabies 
vaccines and immunoglobulins is 
central to rabies management. 

Mult iple  rabies  vacc ines  are 
available globally; these are prepared 
using different substrates, such as 
human tissue culture (human diploid 
cell vaccine [HDCV]), primate tissue 
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of adults who received PVRV-NG2 and PVRV respectively, had maintained 
this titer.  No safety concerns were identified, and safety profiles were 
similar across groups.  Overall, the immunogenicity and safety profiles of 
PVRV-NG2 when administered alone or co-administered with HRIG were 
comparable with those of PVRV, supporting the application of intradermal 
administration for post-exposure vaccination using the updated Thai Red 
Cross vaccination schedule (Clinicaltrials.gov no: NCT04478084). 
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cultures (purified Vero cell vaccine 
[PVRV]) or avian tissue (purified 
chick embryo cell culture vaccine 
[PCECV]).  Currently, Sanofi has two 
standard-of-care vaccines available, 
H D C V  ( I m o va x  r a b i e s ®;  S a n o fi , 
Lyon, France) or PVRV (Verorab®; 
S a n o fi ,  L y o n ,  F r a n c e ) ,  b o t h  o f 
which have well-defined safety and 
immunogenicity profiles (Plotkin, 
2000 ;  Toovey,  2007) .   However , 
despite the availability of multiple 
rabies vaccines, access is not always 
secured owing to  supply issues 
(Abela-Ridder et al, 2016).

A  n e w  g e n e r a t i o n  P V R V 
vaccine (PVRV-NG) was developed, 
prepared from Wistar Rabies Pitman 
Moore/WI 38 1503-3M strain.  The 
PVRV-NG vaccine has an extremely 
low res idua l  DNA content  and 
i s  m a n u f a c t u r e d  w i t h o u t  r a w 
materials of human or animal origin 
or antibiotics, which is consistent 
with the World Health Organization 
(WHO) and European Medicines 
Agency recommendations (WHO, 
2003; EMA, 2011).  Two candidate 
P V R V - N G  f o r m u l a t i o n s  w e r e 
developed:  PVRV-NG2 conta ins 
increased antigen content compared 
to PVRV-NG and displayed similar 
immunogenicity and safety to HDCV, 
a n d  wa s  t h e r e f o r e  s e l e c t e d  f o r 

evaluation in Phase 3 trials (Pichon 
et al, 2023; Pineda-Peña et al, 2024).

Intradermal (ID) administration 
of rabies vaccine is supported by the 
WHO and has been implemented in 
multiple countries (WHO, 2018b).  
W h e n  a d m i n i s t e r e d  v i a  t h e  I D 
route, current vaccines have shown 
comparable immunogenicity with 
the same vaccine administered via 
the intramuscular (IM) route (WHO, 
2018b; Denis et al, 2019; Moulenat et al, 
2020).  ID administration has several 
advantages over IM administration.  
For  example,  IM administrat ion 
requires an entire vial of vaccine, 
whereas ID administration requires 
only a fraction of the vial’s content, 
allowing a vial to be used among 
several vaccine recipients, thereby 
i n c r e a s i n g  va c c i n e  a va i l a b i l i t y 
(Denis  et  al ,  2019).   In addition, 
despite a lower amount of rabies 
antigen being injected via the ID 
route,  the high concentration of 
a n t i g e n - p r e s e n t i n g  c e l l s  i n  t h e 
dermis is expected to provide a strong 
immunologic response (WHO, 2017; 
WHO, 2018b) .   Furthermore,  ID 
administration reduces the cost of 
vaccination by 60-80% compared to 
an IM schedule for the same vaccine 
(Tarantola et al, 2015; Salahuddin et 
al, 2016; Denis et al, 2019).



93

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

This study aimed to describe the 
immunogenicity and safety profiles 
of PVRV-NG2 in healthy pediatric 
(≥1 to <18 years of age) and adult 
(≥18 years of age) populations in 
Thailand in comparison with the 
current  rab ies  s tandard-of -care 
vaccine, PVRV, using a simulated 
ID post-exposure prophylaxis (PEP) 
regimen.  The expected outcome 
was that PVRV-NG2 would show 
comparable immunogenicity and 
safety to PVRV when administered 
as a simulated ID PEP regimen. 

MATERIALS AND METHODS

Study design and participants

A  P h a s e  3 ,  r a n d o m i z e d , 
o b s e r v e r - b l i n d e d ,  c o n t r o l l e d , 
multicenter study was conducted 
at three study centers in Thailand, 
n a m e l y ,  t h e  I n t e r n a l  M e d i c i n e 
D e p a r t m e n t  o f  S r i n a g a r i n d 
Hospital in Khon Kaen Province, 
and the Department  of  Tropical 
Pediatrics  and the Vaccine Trial 
Center at the Faculty of Tropical 
Medicine of  Mahidol  University 
i n  B a n g k o k ,  b e t we e n  5  Au g u s t 
2020 and 21 July 2022.   Healthy 
participants (n = 402) ≥1 year of age 
were recruited.  Exclusion criteria 
were ( i )  receipt  of  any previous  
pre-exposure prophylaxis (PrEP) 

or PEP vaccination against rabies; 
(ii) exposure to a potentially rabid 
animal within the prior 6 months; 
(iii)  those at high risk for rabies 
e x p o s u r e  ( eg ,  a n i m a l  h a n d l e r s , 
laboratory workers and others in 
similar risk situations); (iv) receipt 
of any vaccination in the 4 weeks 
preceding the first study vaccination 
or planned day (D) 90; (v) receipt 
o f  i m m u n o g l o b u l i n s ,  b l o o d  o r 
blood-derived products within the 
previous 3 months; (vi) with known 
or suspected congenital or acquired 
immunodeficiency ;  (v i i )  rece ipt 
o f  i m m u n o s u p p r e s s i ve  t h e r a p y 
within the  preceding 6  months ; 
(viii) receipt of long-term systemic 
corticosteroid therapy; (ix) receipt of 
chloroquine or hydroxychloroquine 
up to 2 months prior to the study 
o r  u p  t o  D 9 0  o f  t h e  s t u d y ;  ( x ) 
self-reported thrombocytopenia, 
bleeding disorders,  or receipt of 
anticoagulants in the 3 weeks prior 
the  s tudy;  (x i )  known sys temic 
h y p e r s e n s i t i v i t y  t o  a n y  o f  t h e 
vaccine or rabies immunoglobulin 
( R I G )  c o m p o n e n t s ,  i n c l u d i n g 
a  pos i t ive  sk in  tes t  reac t ion  to 
equine RIG (ERIG) at visit 1 for the 
adults enrolled; and (xii) history 
of  a  l i fe- threatening react ion to  
a vaccine containing any of the same 
substances as the study vaccines.
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Vaccination protocol

The test  vaccine,  PVRV-NG2, 
and the control vaccine, PVRV, are 
both purified inact ivated rabies 
vaccines prepared in a Vero cell 
line in serum-free conditions and 
prov ided  in  f reeze -dr ied  form.  
Each vaccine dose (0.5 ml) contained 
≥2.5  IU inact ivated rabies  virus 
(Wistar Rabies Pitman Moore/WI 38 
1503-3M strain), as per the National 
Institutes of Health (NIH) potency 
tes t  (WHO,  2018b) .   The  ac tual 
antigen content for all batches was as 
follows: 8.0 IU/dose for PVRV-NG2 
(batch S4497) and 3.25 IU/dose for 
PVRV (batches R1F31 and T1A79).  
The antigen content of each vaccine 
was determined by enzyme-linked 
immunosorbent assay (ELISA) as 
previously described (Chabaud-
Riou  et al ,  2017;  Morgeaux  et al , 
2017). 

In  addit ion,  the  adul t  s tudy 
g r o u p s  r e c e i v e d  e i t h e r  E R I G 
(Thai  Red Cross  Soc ie ty  [TRC] , 
Bangkok, Thailand) provided as a 
liquid solution in 5-ml vials, with 
purified equine rabies antiserum 
at a concentration of  200 IU/ml, 
or human rabies immunoglobulin 
( H R I G )  ( I M O G A M ®  R a b i e s - H T ; 
S a n o fi ,  M a r c y  l ’ E t o i l e ,  F r a n c e ) 
provided as a l iquid solution in 

2-ml vials  containing 150 IU/ml 
purified human rabies antiserum.  
The HRIG potency assessed using 
a rapid fluorescent focus inhibition 
tes t  (RFFIT)  (T imiryasova  e t  a l , 
2019; Timiryasova et al, 2020) was 
193 IU/ml. 

E l i g i b l e  p a r t i c i p a n t s  w e r e 
r a n d o m i z e d  i n  a  2 : 1  r a t i o  t o 
receive either PVRV-NG2 or PVRV 
u s i n g  a n  I n t e r a c t i ve  R e s p o n s e 
Technology, with permuted block 
randomization stratified by center 
and age group.  Staff, who were 
n o t  i n v o l ve d  i n  t h e  s a f e t y  a n d 
other study evaluations, prepared 
and adminis tered  the  vacc ines .  
Part ic ipants ,  invest igators ,  s taff 
in charge of  safety assessments, 
and sponsor staff were blinded to 
participant group allocations. 

Originally,  participants were 
assigned to the following groups: 
Group 1 ,  pediatr ic  par t ic ipants 
rece iv ing  PVRV-NG2;  Group 2 , 
pediatr ic  part ic ipants  receiving 
PVRV; Group 3, adult participants 
r e c e i v i n g  P V R V - N G 2  w i t h 
concomitant ERIG at D0; and Group 
4 ,  a d u l t  p a r t i c i p a n t s  r e c e i v i n g 
PVRV with concomitant ERIG at 
D0.  However, following reports of 
serious adverse events (SAEs) of 
hypersensitivity, the use of ERIG 
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was discontinued and vaccination 
of Groups 3 and 4 was halted on 30 
September 2020.  New participants 
were recruited and randomized to 
Group 5 (PVRV-NG2+ HRIG at D0) 
and Group 6 (PVRV+HRIG at D0). 

All participants received a total 
o f  four  doses  (e ight  in jec t ions) 
of PVRV-NG2 or PVRV, given as 
two 0.1 ml aliquot ID injections in 
each arm per vaccination, on D0 
(visit 1), D3 (visit 2), D7 (visit 3), 
and D28 (visit  5) (Fig 1),  in l ine 
with the vaccination schedule of 
t h e  I n s t i t u t  Pa s t e u r  C a m b o d g e 
( I P C )  u p d a t e d  T h a i  R e d  C r o s s 
recommendations (WHO, 2018b).  
ERIG (40 IU/kg) or HRIG (20 IU/
kg)  was administered IM in the 
anterolateral thigh at D0 of adult 
participants only.  All participants 
provided blood samples (3 ml for 
participants ≥1 to <2 years of age; 5 
ml for participants ≥2 to <18 years 
of age, and 6 ml for adults) prior 
to the vaccination at D0 (baseline 
titer ), then at D14 (7 days after the 
third vaccine dose), D42 (14 days 
after the fourth vaccine dose), and 
D90 (3 months after the first vaccine 
dose) (Fig 1).  Blood samples were 
allowed to clot for 1-24 hours (with 
storage at  room temperature for 

up to  2  hours  and refr igerat ion 
at 2-8 oC beyond 2 hours) before 
centrifugation and transfer of the 
serum into two cryotubes.  Serum 
samples were stored at -20 oC until 
their shipment on dry ice to the 
Sanofi Global Clinical Immunology 
laboratory, Swiftwater, PA, USA, 
for quantification of rabies virus 
neutralizing antibodies (RVNA) in 
serum samples using RFFIT (Smith 
et al, 1973; Timiryasova et al, 2019).

Safety was assessed throughout 
the study.  Participants recorded 
safety information on diary cards 
throughout the study period (until 
6 months post-last vaccination). 

Expected outcomes

The primary objective was to 
d e s c r i b e  t h e  i m m u n e  r e s p o n s e 
induced by PVRV-NG2 and PVRV at 
D14 (to assess the immune response 
a f t e r  t h r e e  d o s e s )  a n d  D 4 2  ( t o 
assess the immune response after 
four doses) when administered as 
a stand-alone vaccine in a healthy 
pediatr ic  populat ion  (Groups  1 
and 2)  or when co-administered 
with HRIG at D0 in healthy adults 
(Groups 5 and 6).  An RVNA titer 
of 0.5 IU/ml, as recommended by 
the WHO as a measure of adequate 
response  to  vacc inat ion  (WHO, 



96

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.1  January  2025

2018b),  and 0.2 IU/ml, the lower 
level of quantification of the assay, 
were used in this study as a proxy 
of complete rabies neutralization 
( T i m i r ya s o va  e t  a l ,  2 0 1 9 ) .   T h e 
resulting primary endpoints for the 
evaluation of immunogenicity were 
the proportion of participants with 
RVNA ≥0.5 IU/ml at D0, D14 and 
D42; the proportion of participants 
with an RVNA titer ≥0.2 IU/ml (the 
lower limit of quantification) at D0, 
D14 and D42; and geometric mean 
titers (GMTs) at D14 and D42. 

The secondary immunogenicity 
ob jec t ives  were  to  descr ibe  the 

i m m u n e  r e s p o n s e  i n d u c e d  b y 
PVRV-NG2 and PVRV at D14 after 
co-adminis trat ion with  ERIG at 
D0 in  heal thy adults  (Groups 3 
and 4) and to describe the immune 
response induced by PVRV-NG2 
and PVRV when administered as a 
stand-alone vaccine in a pediatric 
population (Groups 1 and 2) and 
a t  D 9 0  a f t e r  c o - a d m i n i s t r a t i o n 
with HRIG at D0 in healthy adults 
( G r o u p s  5  a n d  6 ) .   S e c o n d a r y 
immunogenicity endpoints  were 
the proportion of participants with 
an RVNA titer ≥ 0.5 IU/ml at D0 and 
D14 (Groups 3 and 4) and at D90 

Fig 1 - Study schedule

Study design showing planned visits,  injections,  blood sample 
collections, and follow-up.  Concomitant administration of equine or 
human rabies immunoglobulin occurred in adult participants only.

D: day; M: month; V: visit
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(Groups 1, 2, 5, and 6). 

The secondary safety objective 
was to describe the safety profile 
after  each vaccination of  PVRV-
N G 2  a n d  P V RV  a s  s t a n d - a l o n e 
vaccines in the pediatric population 
(Groups 1  and 2)  and when co-
administered with ERIG (Groups 
3 and 4) or HRIG (Groups 5 and 
6) in adults.  The secondary safety 
endpoints were the occurrences of: 
( i )  unsol ic i ted systemic adverse 
event (AE) reports in the 30 minutes 
after each vaccination; (ii) solicited 
injection-site reactions occurring 
within 7 days after each vaccination; 
( i i i )  sol ici ted systemic reactions 
occurr ing between the  first  and 
second injections, the second and 
third injections, and during the 7 days 
after the remaining injections; (iv) 
spontaneously reported unsolicited 
injection-site AEs occurring within 
28 days after each vaccination and 
unsolicited systemic AEs between 
each vaccination and up to 28 days 
after the last vaccination; and (v) 
SAEs and AEs of special interest 
(AESIs)  (anaphylact ic  react ions, 
e n c e p h a l i t i s  a n d  c o n v u l s i o n s ) 
throughout the study and up to 6 
months after the last vaccination. 

Statistical analysis

T h e  s a m p l e  s i z e  w a s  n o t 
powered.  All immunogenicity and 
safety analyses were descriptive.  
I m m u n o g e n i c i t y  a n a l y s e s  we r e 
p e r f o r m e d  i n  t h e  p e r - p r o t o c o l 
analysis set (PPAS), the full analysis 
set for immunogenicity (FASI), and 
in the full analysis set (FAS), the 
l a tt e r  i n c l u d e d  a l l  r a n d o m i z e d 
participants who received at least 
one dose of the vaccine.  FASI is 
defined as a subset of the FAS that 
included all participants from FAS 
with a baseline RVNA titer  <0.5 
I U / m l .   P PA S  f o r  D 1 4  a n d  D 4 2 
included all  participants in FAS 
who met all protocol specifications 
up to D14 and D42 respectively.  
A  s a f e t y  a n a l y s i s  s e t  ( S a f A S ) , 
which inc luded a l l  part ic ipants 
who received at least one dose of 
PVRV-NG2 or PVRV, was used for 
all safety analyses. 

For immunogenicity analyses, 
a s s u m i n g  t h a t  t h e  l o g 1 0 
transformation of the titers/data 
followed a normal distribution, the 
mean and 95% confidence interval 
( C I )  w e r e  c a l c u l a t e d  a s  l o g 1 0 
(titers/data),  using the Student’s 
t distribution with n-1 degrees of 
freedom.  Antilog transformations 
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were applied to the results of the 
calculations to provide geometric 
means and their 95% CIs.  The 95% 
CIs for  the s ingle proportion in 
immunogenicity and safety results 
were  calculated using the exact 
binomial method (Clopper-Pearson 
method) (Newcombe, 1998). 

Ethical considerations 

The s tudy was conducted in 
accordance with the protocol and 
consensus ethical principles derived 
f r o m  i n t e r n a t i o n a l  g u i d e l i n e s , 
including the Declaration of Helsinki 
and the International Council for 
Harmonisation for Good Clinical 
Practice, and all applicable laws, 
rules and regulations.  The study 
was reviewed and approved by an 
Independent Ethics Committee or 
Institutional Review Board of each 
site.  Prior written informed consent 
was obtained from each participant 
or parent/legal guardian.

RESULTS

Study design,  participants  and 
protocol amendment

Healthy participants (n = 402) 
were enrolled between 5 August 
2020 and 20 December 2021 and 
randomized among 6  groups as 

f o l l o w s :  G r o u p  1  [ P V RV - N G 2 , 
pediatric (n = 112)], Group 2 [PVRV, 
pediatric (n = 56)], Group 3 [PVRV-
NG2+ERIG, adult (n = 26)], Group 4 
[PVRV+ERIG, adult (n = 14)], Group 
5  [PVRV-NG2+HRIG,  adult  (n = 
129)], and Group 6 [PVRV+HRIG, 
adult (n = 65)] (Fig 2). 

Originally, adult participants 
(n = 168) were planned to receive 
either PVRV-NG2+ERIG (Group 3) 
or PVRV+ERIG (Group 4); however, 
due  to  three  repor ts  o f  ser ious 
hypersensitivity in adults receiving 
concomitant  ERIG,  the  sponsor 
assessed the benefit/risk ratio of the 
ERIG administration as unfavorable 
for  a  s imulated PEP regimen in 
healthy participants.  Vaccinations 
were  hal ted in  Groups 3  and 4 .  
H e n c e ,  t h e  a d u l t  p a r t i c i p a n t s 
randomized to Group 3 (n =  26) 
and Group 4 (n = 14) were excluded 
from the PPAS for D42, as they were 
unable to complete the four-dose 
vaccination schedule as planned, 
and 15/40 adult participants were 
excluded from the PPAS for D14, 
as they were unable to complete 
the first three doses of vaccination 
as planned.  Because the protocol 
allowed replacement of participants 
who withdrew from the study or 
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Fig 2 - Participants’ disposition flow chart

Groups 1 and 2 included pediatric participants only. Groups 3-6 
included adult participants only.

AE: adverse event; D: day; ERIG: equine rabies immunoglobulin; HRIG: 
human rabies immunoglobulin; Pd: protocol deviation; PVRV: purified 
Vero rabies vaccine; PVRV-NG2: new generation purified Vero rabies 
vaccine formulation 2
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who were vaccinated outside of the 
specified time windows, additional 
participants (n = 26) were allocated 
to Groups 5 and 6 for the following 
reasons: received COVID-19 vaccine 
during the active phase of the study 
(Group 5, n = 15; Group 6, n = 9), 
or had already received vaccination 
against rabies (Group 6, n = 2).  As 
a result, the final adult participants 
were as follows: Group 3 (n = 40), 
Group 5 (n = 129) and Group 6 (n = 
65) (Fig 2; Table 1). 

A m o n g  t h e  r a n d o m i z e d 
participants (n = 402), 84% (336/402) 
participants completed the active 
phase of the study from D0 to D90 
(100% of pediatric participants in 
Groups 1 and 2, 88% (114/129) of 
adult participants in Group 5 and 
83% (54/65) of adult participants 
i n  G r o u p  6 )  ( F i g  2 ) .   N o  a d u l t 
par t i c ipants  in  Groups  3  and 4 
completed the act ive phase due 
to the termination of the study as 
described above. 

The baseline demographics for 
the FAS indicated that overall, 55% 
of the participants were female, the 
mean age was 27.2 years (standard 
deviation = 16.8) and all participants 
were of Asian origin (Table 2).

Immunogenicity

A t  D 1 4 ,  e v e r y  p e d i a t r i c 
participant who received PVRV-
NG2 (Group 1) and 98% of those 
w h o  r e c e i ve d  P V RV  ( G r o u p  2 ) 
achieved RVNA titer ≥0.5 IU/ml; by 
D42, 100% of participants in Groups 
1 and 2 achieved RVNA titer ≥0.5 
IU/ml; by D90, 99% of those who 
received PVRV-NG2 (Group 1) and 
98% of those who received PVRV 
(Group 2) maintained an RVNA titer 
≥0.5 IU/ml (Table 3).  All pediatric 
participants had RVNA titer ≥0.2 IU/
ml at D14, D42 and D90.  

At D14, the proportion of adult 
p a r t i c i p a n t s  w i t h  RV N A  t i t e r s 
≥0.5  IU/ml was s imilar  between 
P V RV - N G 2  a n d  P V RV  g r o u p s , 
ranging from 52 to 75%, but this 
was lower than that of the pediatric 
participants (Table 3).  By D42, 96 
and 100% of participants in Group 5 
and 6 respectively, achieved RVNA 
titer ≥0.5 IU/ml; in Group 5, one 
participant had an RVNA titer <0.2 
IU/ml.  By D42, the proportion of 
adult participants achieving RVNA 
t i ters  ≥0 .2  IU/ml  had increased 
but dropped slightly by D90, but 
the proportion remained similar 
between the two groups at each of 



101

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

Ta
bl

e 
1

Po
pu

la
tio

n 
an

al
ys

is
 s

et
s 

fo
r 

im
m

un
og

en
ic

ity
 a

nd
 s

af
et

y 
an

al
ys

es
 (r

an
do

m
iz

ed
 p

ar
tic

ip
an

ts
)

Po
pu

la
tio

n
G

ro
up

 1
(n

 =
 1

12
)

G
ro

up
 2

(n
 =

 5
6)

G
ro

up
 3

(n
 =

 2
6)

G
ro

up
 4

(n
 =

 1
4)

G
ro

up
 5

(n
 =

 1
29

)
G

ro
up

 6
(n

 =
 6

5)
To

ta
l

(n
 =

 4
02

)

FA
S,

 n
 (%

)
11

2 
(1

00
)

56
 (1

00
)

26
 (1

00
)

14
 (1

00
)

12
9 

(1
00

)
65

 (1
00

)
40

2 
(1

00
)

FA
SI

, n
 (%

)
10

0 
(8

9)
53

 (9
5)

24
 (9

2)
13

 (9
3)

11
2 

(8
7)

56
 (8

6)
35

8 
(8

9)

PP
A

S 
on

 D
14

, n
 (%

)
98

 (8
8)

49
 (8

8)
16

 (6
2)

9 
(6

4)
10

6 
(8

2)
54

 (8
3)

33
2 

(8
9)

PP
A

S 
on

 D
42

, n
 (%

)
98

 (8
8)

52
 (9

3)
0 

(0
)

0 
(0

)
78

 (6
0)

37
 (5

7)
26

5 
(6

6)

Sa
fA

S,
 n

 (%
)

11
2 

(1
00

)
56

 (1
00

)
26

 (1
00

)
14

 (1
00

)
12

9 
(1

00
)

65
 (1

00
)

40
2 

(1
00

)

G
ro

up
 1

: P
V

RV
-N

G
2 

al
on

e 
(p

ed
ia

tr
ic

); 
G

ro
up

 2
: P

V
RV

 a
lo

ne
 (p

ed
ia

tr
ic

); 
G

ro
up

 3
: P

V
RV

-N
G

2 
+ 

ER
IG

 (a
du

lt)
; 

G
ro

up
 4

: P
V

RV
 +

 E
R

IG
 (a

du
lt)

; G
ro

up
 5

: P
V

RV
-N

G
2 

+ 
H

R
IG

 (a
du

lt)
; G

ro
up

 6
: P

V
RV

 +
 H

R
IG

 (a
du

lt)

D
: d

ay
; E

R
IG

: e
qu

in
e 

ra
bi

es
 im

m
un

og
lo

bu
lin

; F
A

S:
 fu

ll 
an

al
ys

is
 s

et
; F

A
SI

: f
ul

l a
na

ly
si

s 
se

t f
or

 im
m

un
og

en
ic

ity
; 

H
R

IG
: h

um
an

 r
ab

ie
s 

im
m

un
og

lo
bu

lin
; P

PA
S:

 p
er

-p
ro

to
co

l 
an

al
ys

is
 s

et
; P

V
RV

: p
ur

ifi
ed

 V
er

o 
ra

bi
es

 v
ac

ci
ne

; 
PV

RV
-N

G
2:

 n
ew

 g
en

er
at

io
n 

pu
ri

fie
d 

V
er

o 
ra

bi
es

 v
ac

ci
ne

 fo
rm

ul
at

io
n 

2;
 S

af
A

S:
 s

af
et

y 
an

al
ys

is
 s

et
 



102

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.1  January  2025

Ta
bl

e 
2

Ba
se

lin
e 

de
m

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 r

an
do

m
iz

ed
 p

ar
tic

ip
an

ts
 (f

ul
l a

na
ly

si
s 

se
t)

C
ha

ra
ct

er
is

tic
G

ro
up

 1
(n

 =
 1

12
)

G
ro

up
 2

(n
 =

 5
6)

G
ro

up
 3

(n
 =

 2
6)

G
ro

up
 4

(n
 =

 1
4)

G
ro

up
 5

(n
 =

 1
29

)
G

ro
up

 6
(n

 =
 6

5)
To

ta
l

(n
 =

 4
02

)

A
ve

ra
ge

 a
ge

, m
ea

n 
± 

SD
10

.1
 (4

.3
)

10
.8

 (3
.8

)
36

.2
 (1

0.
4)

37
.3

 (1
1.

1)
40

.2
 (1

1.
1)

39
.2

 (1
0.

9)
27

.2
 (1

6.
8)

A
ge

 g
ro

up
, n

 (%
)

12
-2

3 
m

on
th

s
2 

(2
)

1 
(2

)
N

/A
N

/A
N

/A
N

/A
3 

(1
)

2-
11

 y
ea

rs
54

 (4
8)

27
 (4

8)
N

/A
N

/A
N

/A
N

/A
81

 (2
0)

12
-1

7 
ye

ar
s

56
 (5

0)
28

 (5
0)

N
/A

N
/A

N
/A

N
/A

84
 (2

1)

18
-4

0 
ye

ar
s

N
/A

N
/A

15
 (5

8)
8 

(5
7)

65
 (5

0)
38

 (5
8)

12
6 

(3
1)

41
-6

4 
ye

ar
s

N
/A

N
/A

11
 (4

2)
6 

(4
3)

60
 (4

7)
26

 (4
0)

10
3 

(2
6)

≥6
5 

ye
ar

s
N

/A
N

/A
0 

(0
)

0 
(0

)
4 

(3
)

1 
(1

)
5 

(1
)

G
en

de
r,

 n
 (%

)

M
al

e
58

 (5
2)

32
 (5

7)
8 

(3
1)

5 
(3

6)
51

 (4
0)

26
 (4

0)
18

0 
(4

5)

Fe
m

al
e

54
 (4

8)
24

 (4
3)

18
 (6

9)
9 

(6
4)

78
 (6

1)
39

 (6
0)

22
2 

(5
5)

G
ro

up
 1

: P
V

RV
-N

G
2 

al
on

e 
(p

ed
ia

tr
ic

); 
G

ro
up

 2
: P

V
RV

 a
lo

ne
 (p

ed
ia

tr
ic

); 
G

ro
up

 3
: P

V
RV

-N
G

2 
+ 

ER
IG

 (a
du

lt)
; 

G
ro

up
 4

: P
V

RV
 +

 E
R

IG
 (a

du
lt)

; G
ro

up
 5

: P
V

RV
-N

G
2 

+ 
H

R
IG

 (a
du

lt)
; G

ro
up

 6
: P

V
RV

 +
 H

R
IG

 (a
du

lt)

ER
IG

: e
qu

in
e 

ra
bi

es
 im

m
un

og
lo

bu
lin

; H
R

IG
: h

um
an

 ra
bi

es
 im

m
un

og
lo

bu
lin

; N
/A

: n
ot

 a
pp

lic
ab

le
; P

V
RV

: p
ur

ifi
ed

 
V

er
o 

ra
bi

es
 v

ac
ci

ne
; 

PV
RV

-N
G

2:
 n

ew
 g

en
er

at
io

n 
pu

ri
fie

d 
V

er
o 

ra
bi

es
 v

ac
ci

ne
 f

or
m

ul
at

io
n 

2;
 S

D
: 

st
an

da
rd

 
de

vi
at

io
n



103

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

the two time points.  At D90, 75 and 
78% of participants in Group 5 and 
6 respectively, achieved RVNA titer 
≥0.5 IU/ml (Table 3). 

At D14, GMTs were higher in 
p e d i a t r i c  p a r t i c i p a n t s  ( G r o u p s 
1  a n d  2 )  t h a n  t h o s e  i n  a d u l t 
participants (Groups 3-6) (Fig 3A).  
Overall, GMTs increased from D14 
to D42, with values being higher 
in pediatric participants (Groups 
1 and 2) than in adult participants 
(Groups 5 and 6) (Fig 3B).  By D90, 
GMTs had decreased in pediatric 
and adult  part ic ipants  to  levels 
similar to those at D14 (Fig 3C). 

Safety outcome

No major safety concerns were 
reported in the pediatric groups 
(Groups 1 and 2) or in adults with 
concomitant HRIG administration 
(Groups 5 and 6)  (Table 4) .   No 
d i ff e r e n c e s  i n  t h e  m a j o r  s a f e t y 
concerns were observed between 
pediatr ic  part ic ipants  receiving 
PVRV-NG2 and PVRV as a stand-
alone vaccine or in adult participants 
when administered concomitantly 
with HRIG. 

No immediate unsolicited AEs 
were reported after  any vaccine 
injection in any group.  There was  

a trend towards a higher proportion 
( 7 0 % )  o f  p e d i a t r i c  p a r t i c i p a n t s 
( G r o u p s  1  a n d  2 )  r e p o r t i n g  a 
solicited injection site reaction after 
any injection compared with adult 
participants (Group 5, 44%; Group 
6, 46%); the most common injection-
site reaction was swelling among 
pediatr ic  par t ic ipants  and pain 
among adult participants (Table 4).  
On the other hand, the proportion 
of participants reporting at least 
one solicited systemic reaction was 
higher for adults (Group 5, 52%; 
Group 6, 49%) than for pediatrics 
(Group 1, 31%; Group 2, 27%), with 
headache and myalgia being the 
most common of these reactions.  
The majority of solicited reactions 
were mild to moderate in intensity 
and occurred within three  days 
of vaccination (Table 4).  Overall, 
the occurrence and the intensity 
o f  s o l i c i t e d  i n j e c t i o n  s i t e s  a n d 
solicited systemic events tended to 
decrease with incremental number 
of  injections of  both vaccines in 
both age groups (Tables 5 and 6).

During the  act ive  phase ,  s ix 
participants (23 % [95 % CI = 9- 44]) 
in Group 3 and two participants 
(14% [95% CI:  2-43])  in Group 4 
were discontinued from the study 
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Fig 3 - Geometric mean titers in the per-protocol analysis set (PPAS)

Bar graphs showing geometric mean titers for Groups 1, 2, 5, and 6 at 
three different time points.  A: D14 (PPAS for D14). B: D42 (PPAS for D42).  
C: D90 (PPAS for D42) 

D: day; ERIG: equine rabies immunoglobulin; HRIG: human rabies 
immunoglobulin; PPAS: per-protocol analysis set; PVRV: purified 
Vero rabies vaccine; PVRV-NG2: new generation purified Vero rabies 
vaccine formulation 2
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due to at least one AR (Table 4). 

N o  S A E s  w e r e  r e p o r t e d  i n 
p e d i a t r i c  p a r t i c i p a n t s  ( G r o u p s 
1 and 2).  Overall,  11 SAEs were 
r e p o r t e d  d u r i n g  t h e  s t u d y ,  a l l 
among adults ,  s ix  who received 
PVRV-NG2 (Groups 3 and 5) and five 
who received PVRV (Groups 4 and 
6) (Table 4).  Three of the reported 
SAEs were considered related to 
ERIG by the sponsor, namely, one 
participant who received PVRV-
NG2+ERIG (hypersensitivity) and 
t w o  p a r t i c i p a n t s  w h o  r e c e i ve d 
PVRV+ERIG (a l le rg ic  vascul i t i s 
and angioedema of lips), which led 
to discontinuation of ERIG.  The 
remaining SAEs were considered 
not related to the vaccine or the 
RIG.  No death or AESI was reported 
during the study.

DISCUSSION

PVRV-NG2 and PVRV displayed 
c o m p a r a b l e  i m m u n o g e n i c i t y 
patterns and similar safety profiles 
in pediatric and adult participants.  
PVRV has been licensed for over 
thirty years and is currently used 
in around 80 countries worldwide.  
WHO also prequalifies PVRV and 
recommends vaccination through 
both IM and ID routes (Gongal and 

Sampath, 2019; Moulenat et al, 2020). 

All participants received four 
d o s e s  o f  r a b i e s  va c c i n e s ,  e a c h 
comprising two 0.1 ml injections 
administered ID into each arm, as 
a stand-alone vaccine in healthy 
p e d i a t r i c  p a r t i c i p a n t s  o r  c o -
administered with RIG at  D0 in 
healthy adults.  An updated four-
dose TRC intradermal regimen was 
chosen for this study.  Although the 
current WHO guidelines recommend 
a three-dose regimen, these are in 
the process of  being adopted or 
have not yet been adopted in several 
countries where rabies is endemic 
(WHO, 2018a); nonetheless, we also 
evaluated samples seven days after 
the third dose to allow for informed 
comparison with the recommended 
regimen. 

This study showed that at D42 
(14  days  af ter  the  fourth dose) , 
almost  al l  part icipants achieved 
RV N A  t i t e r  ≥ 0 . 5  I U / m l .  G M Ts 
ranged from 3.13 to 11.4 in both 
age groups and were comparable 
be tween  PVRV-NG2 and PVRV.  
These results are in line with the 
literature, as almost all participants 
achieved RVNA titers ≥0.5 IU/ml 
using the ID route with currently 
licensed vaccines (Preiss et al, 2018; 
Moulenat et al, 2020; Xu et al, 2021). 
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By D14 (seven days after the 
third dose), the proportion of adult 
participants with RVNA titers ≥0.2 
IU/ml  ranged from 85% (Group 
5)  to  87% (Group 6) ,  indicat ing 
the  development  of  an  immune 
response.  However, approximately 
half of all adult participants (Group 
5,  59%;  Group 6,  52%) achieved 
RVNA titers ≥0.5 IU/ml.  As such, 
the immunogenicity observed in 
adult participants at D14 after three 
doses of either vaccine was lower 
than the historical data using the 
ID route regarding the proportion 
of  part ic ipants  achieving RVNA 
t i ters  ≥0 .5  IU/ml  (More l l i  e t  a l , 
2022).   Notably, almost all  adult 
participants achieved RVNA titers 
≥0.5 IU/ml by D42 (Group 5, 96%; 
Group 6, 100%).  Considering the 
e x t e n s i ve  d a t a  a va i l a b l e  o n  I D 
administration of PVRV in adult 
participants, the immunogenicity 
r e s u l t s  a t  D 1 4  o b s e r ve d  i n  t h e 
current  s tudy were  unexpected 
a n d  h a v e  n o t  b e e n  o b s e r v e d 
elsewhere (Moulenat  e t  a l ,  2020; 
Auerswald et al, 2023).  In contrast, 
nearly al l  pediatr ic  part ic ipants 
a c h i e ve d  RV N A  t i t e r s  ≥ 0 . 5  I U /
ml by D14, with GMTs increasing 
from baseline through D42.  These 
results are consistent with those 

in the literature, which describes 
a rapid immunological response in 
the pediatric population (Xu et al, 
2021).

T o  b e tt e r  u n d e r s t a n d  t h e 
abovementioned results, extensive 
i n ve s t i g a t i o n s  we r e  c o n d u c t e d 
i n t o  s t u d y  s i t e s ,  p r o d u c t s  a n d 
laboratory procedures;  however, 
no root cause for the unexpected 
results could be identified.  At the 
site level, there were no deviations 
f r o m  t h e  o p e r a t i n g  p r o c e d u r e s 
and no issues with product quality 
or laboratory/sample procedures.  
WHO has previously emphasized 
t h e  i m p o r t a n c e  o f  a  c o r r e c t  I D 
technique, which should result in 
a  wheal /papule  a t  the  in jec t ion 
s i te  (Dreesen  e t  a l ,  1984 ;  WHO, 
2018b); however, the potential for 
incorrect ID administration at one 
par t i cu lar  s tudy  s i t e  could  not 
be  excluded due to  the  absence 
of documentation describing the 
observation of the wheal/papule 30 
minutes post-exposure (Papania et 
al, 2018).  Although the personnel 
who performed the ID injections 
we r e  t r a i n e d  b e f o r e  t h e  s t u d y , 
t h e y  c a n n o t  b e  c o n s i d e r e d  I D 
vaccination experts.  Furthermore, 
all adult participants with RVNA 
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t i t e r s  ≤ 0 . 5  I U / m l  a t  D 1 4  w e r e 
vacc ina ted  a t  th i s  s ing le  s tudy 
site, and all participants received 
c o n c o m i t a n t  a d m i n i s t r a t i o n  o f 
either ERIG or HRIG.  To ensure 
t h a t  t h e  c o r r e c t  p r o c e d u r e  i s 
fo l lowed,  fu ture  inves t iga t ions 
should document the observation 
of the wheal/papule following ID 
vaccine administration. 

Numerous clinical effectiveness 
studies and large post-marketing 
e x p e r i e n c e  s u p p o r t  I D  P V R V 
PEP, regardless of schedule, with 
almost all  participants achieving 
a  s u ffi c i e n t  i m m u n e  r e s p o n s e 
a t  D 1 4  ( M o u l e n a t  e t  a l ,  2 0 2 0 ) .  
F o r  e x a m p l e ,  a  p r e v i o u s  s t u d y 
investigating PVRV found that a 
three-dose  ID IPC PEP regimen 
is as effective at inducing a high 
immune response as a four-dose 
ID Essen PEP regimen, with almost 
all participants achieving sufficient 
neutralizing antibody titers (≥0.5 
IU/ml)  by D14 (Auerswald  e t  a l , 
2023).   A systematic review also 
found that ID PVRV PEP induces 
a  rapid  and pers i s tent  immune 
response, regardless of the regimen 
used (Moulenat  e t  a l ,  2020) .   I t 
i s  important  to  note  that  in  the 
current study immune responses 

were similar between PVRV and 
PVRV-NG2.  In keeping with the 
trend reported here, data generated 
through mul t ip le  c l in ica l  t r ia l s 
assessing IM administration also 
support the immunogenicity and 
favorable safety profile of PVRV-
NG2 (Chansinghakul  et  al ,  2024; 
Pineda-Peña et al, 2024).  Of note, 
during the current study, the IPC 
regimen was evaluated at D14 (7 
days after the third vaccination), 
w i t h  n o  f u r t h e r  t i m e  p o i n t s  t o 
assess the kinetics of the immune 
response over t ime,  as al l  study 
participants received a fourth dose 
at D28.

A simulated PEP regimen is the 
most stringent evaluation of a rabies 
vaccine (WHO, 2018b; Morelli et al, 
2022; Schreuder et al, 2020), and the 
potential for enhanced interference 
of RIG in a simulated PEP setting 
should be noted as a contributing 
factor  to the unexpected results 
among the adult participants.  In 
th i s  s imula ted  PEP setting ,  the 
full RIG dose was injected IM into 
the participants’ thighs; whereas 
according to the WHO guidelines, 
RIGs should be infiltrated in and 
around the wound in the event of 
exposure to a suspect rabid animal 
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(WHO,  2018a) .   In ter ference  o f 
RIG with  the  vacc ine  i s  a  wel l -
known phenomenon for both IM 
and ID routes of  administration 
(Loofbourow  e t  a l ,  1971;  Matson 
et al, 2020; Bookstaver et al, 2021).  
RVNA t i ters  are  o f ten  lower  in 
t h o s e  r e c e i v i n g  H R I G  o r  E R I G 
compared with those receiving the 
vaccine alone (Preiss  et  al ,  2018; 
Quiambao et al, 2020).  Despite its 
known inter ference  wi th  rabies 
vaccinations, RIG for Category III 
wounds remains essential to cover 
the  ear ly  pos t -exposure  per iod 
(Khawplod et al, 2002; WHO, 2018a).

I n  t h e  c u r r e n t  s t u d y ,  t h e 
i m m u n o g e n i c i t y  r e s u l t s  a t  D 9 0 
supported the persistence of the 
immune response ,  whereby >98 
%  o f  t h e  p e d i a t r i c  p o p u l a t i o n 
s t i l l  s h o we d  RV N A  t i t e r s  ≥ 0 . 5 
IU/ml ,  which is  consistent  with 
t h e  l i t e r a t u r e  ( Q u i a m b a o  e t  a l , 
2019).  On the other hand, a lower 
proportion of the adult participants 
showed RVNA t i ters  ≥0 .5  IU/ml 
for both groups at D90 (75% for 
PVRV-NG2+HRIG at D0 and 78% 
f o r  P V RV + H R I G  a t  D 0 )  w h e n 
compared with  PVRV his tor ica l 
data (Dreesen, 1997; Toovey, 2007; 
Pichon et al, 2023).  These results 

may be related to the low immune 
response observed in this age group 
at D14 and the possibility that ID 
administration was suboptimal. 

PVRV-NG2 was well tolerated 
and displayed a comparable safety 
profile to that of PVRV.  In addition, 
both vaccines were well tolerated in 
adults who received concomitant 
HRIG administrat ion (Groups 5 
and 6).   PVRV has been licensed 
for decades and listed as a WHO-
prequalified rabies vaccine since 
2005 (Toovey, 2007), with a well-
e s t a b l i s h e d  s a t i s f a c t o r y  s a f e t y 
profile.  As PVRV-NG2 is a purified 
version of PVRV, developed using 
the  same Wis tar  Rabies  P i tman 
Moore/WI 38 1503-3M strain, and 
is  pharmaceut ical ly  comparable 
to PVRV, it was expected to show 
a similar safety profile to PVRV.  
The satisfactory safety profile of 
PVRV-NG2 observed in the current 
s tudy  was  a l so  cons i s tent  wi th 
previous studies using the IM route 
of administration (Chansinghakul 
et al, 2024; Pineda-Peña et al, 2024).

As previously mentioned, the 
resul t s  observed in  the  current 
s tudy with  the  immunogenic i ty 
o f  PVRV-NG2 v ia  the  IM route 
were unexpected but isolated in 
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c o m p a r i s o n  w i t h  o t h e r  s t u d i e s 
(Chansinghakul et al, 2024; Pineda-
Peña et al, 2024).  Despite extensive 
investigations into the unexpected 
results, no single cause was identified 
and is likely multifactorial.  Further 
investigation is required to better 
u n d e r s t a n d  t h e  i m m u n o l o g i c a l 
response through administration via 
the ID route with concomitant RIG.

I n  c o n c l u s i o n ,  P V R V - N G 2 
a n d  P V RV  s h o we d  c o m p a r a b l e 
i m m u n o g e n i c i t y  a n d  e q u a l l y 
favorable safety profiles after ID 
adminis t ra t ion ,  e i ther  a lone  or 
concomitantly with HRIG, in a PEP 
regimen at all time points.  By D14, 
after three vaccinations, PVRV-NG2 
elicited a favorable immune response 
among the pediatric participants, 
whereas a lower immune response 
was observed in adults who received 
c o n c o m i t a n t  H R I G .   H o we ve r , 
by  D28 ,  a f ter  four  vacc inat ions 
via the ID route,  al l  age groups 
demonstrated an adequate immune 
response.  Overall, PVRV-NG2 was 
well tolerated in both pediatric and 
adult participants, with no safety 
concerns identified.

ACKNOWLEDGEMENTS

The authors thank the following 

Sanofi employees for their valuable 
contributions:  Christele Augard, 
Son ia  Benamor ,  Caro le  Bourot , 
C a t h e r i n e  B r a v o ,  F r a n c o i s e 
Guinet -Morlot ,  Cather ine  Huoi , 
Gouthami  Kannabattula ,  Cha l i t 
Kosolsak,  Ada-Maria  Minutel lo , 
Auriane Nadal, Mae Ann Verdan, 
and Yuancheng Wang; and Isabel 
G r e g o i r e  f o r  c o o r d i n a t i n g  t h e 
manuscript preparation.  Medical 
writing support was provided by 
D r  S t e ve n  G o o d r i c k  a n d  H o l l y 
McAlister, Springer Healthcare Ltd, 
UK, and was funded by Sanofi. 

T h e  s t u d y  wa s  f u n d e d  a n d 
s p o n s o r e d  b y  S a n o fi .  S a n o fi 
participated in the study design and 
managed all operational aspects of 
the study, including data collection, 
a n a l y s i s  a n d  i n t e r p r e t a t i o n , 
preparation of the article, and decision 
to submit the article for publication.

CONFLICT OF INTEREST 
DISCLOSURE

D a n a y a  C h a n s i n g h a k u l , 
Carina Frago, Qian Jiang, Andrea-
Clemenc ia  P ineda-Peña ,  Ce l ine 
Pet i t ,  E l i sa  Valero ,  and Manuel 
Vangelisti are employees of Sanofi 
and may hold shares and/or stock 
options in the company.



119

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

K r i e n g s a k  L i m k i tt i k u l  a n d 
Piroon Moots ikapun declare  no 
conflicts of interest.

DATA AVAILABILITY

Q u a l i fi e d  r e s e a r c h e r s  m a y 
r e q u e s t  a c c e s s  t o  p a t i e n t - l e ve l 
data and related study documents 
i n c l u d i n g  t h e  c l i n i c a l  s t u d y 
report ,  s tudy protocol  with any 
amendments ,  b lank  case  repor t 
form, statistical analysis plan, and 
dataset  spec ificat ions .   Pat ient -
l eve l  data  wi l l  be  anonymized, 
a n d  s t u d y  d o c u m e n t s  w i l l  b e 
redacted to protect the privacy of 
study participants.  Further details 
r e g a r d i n g  S a n o fi  d a t a - s h a r i n g 
criteria, eligible studies and process 
for requesting access can be found 
at https://www.vivli.org/.

REFERENCES

Abela-Ridder B, Martin S, Gongal G, 
Engels D. Rabies vaccine stockpile: 
fixing the supply chain. Bull World 
Health Organ 2016; 94(9): 635-635A.

Auerswald H,  Maestr i  A,  Touch S , 
e t  a l .  S ide-by-s ide  comparat ive 
study of the immunogenicity of 
the intramuscular and intradermal 
rabies post-exposure prophylaxis 
regimens in a cohort of suspected 

rabies virus exposed individuals. 
Clin Infect Dis 2023; 77(6): 910-6.

Bookstaver PB, Akpunonu P, Nguyen 
H B ,  S wa n  J T,  H o w i n g t o n  G T. 
A d m i n i s t r a t i o n  o f  r a b i e s 
i m m u n o g l o b u l i n :  I m p r o v i n g 
e v i d e n c e - b a s e d  g u i d a n c e  f o r 
wound infiltration. Pharmacotherapy 
2021; 41(8): 644-8.

Chabaud-Riou M, Moreno N, Guinchard 
F, et al. G-protein based ELISA as 
a potency test for rabies vaccines. 
Biologicals 2017; 46: 124-9.

Chansinghakul  D,  Tantawichien  T, 
Limkittikul K,  et al .  Randomized 
c o n t r o l l e d  t r i a l  o f  t h e 
immunogenicity and safety of a 
serum-free purified Vero rabies 
v a c c i n e  ( P V RV - N G 2 )  u s i n g  a 
s imulated postexposure Zagreb 
r e g i m e n  w i t h  h u m a n  r a b i e s 
i m m u n o g l o b u l i n  i n  a d u l t s  i n 
Thailand. Open Forum Infect Dis 
2024; 11(11): ofae633.

D e n i s  M ,  K n e z e v i c  I ,  W i l d e  H , 
Hemachudha T, Briggs D, Knopf L. 
An overview of the immunogenicity 
and effectiveness of current human 
rabies vaccines administered by 
intradermal route.  Vaccine  2019; 
37(Suppl 1): A99-A106.

Dreesen DW, Brown WJ,  Kemp DT, 
Brown J, Reid FL, Baer GM. Pre-
e x p o s u r e  r a b i e s  p r o p h y l a x i s : 
efficacy of a new packaging and 



120

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.1  January  2025

delivery system for intradermal 
administration of human diploid 
cel l  vaccine.  Vaccine  1984;  2(3) : 
185-8.

Dreesen DW. A global review of rabies 
vaccines for human use. Vaccine 
1997; 15 (Suppl): S2-6.

Durrheim D. Childhood rabies deaths 
and the rule of rescue. Trop Med 
Infect Dis 2017; 2(2): 9.

European Medicines Agency (EMA). 
Note for guidance on minimising 
the  r isk  of  t ransmitting animal 
s p o n g i f o r m  e n c e p h a l o p a t h y 
agents via human and veterinary 
medicinal  products,  2011 [cited 
2 0 2 4  F e b  2 0 ] .  Ava i l a b l e  f r o m : 
URL:  https : / /www.ema.europa .
e u / e n / d o c u m e n t s / s c i e n t i fi c -
g u i d e l i n e / m i n i m i s i n g - r i s k -
transmitting-animal-spongiform-
encephalopathy-agents-human-
veterinary-medicinal_en.pdf

Gongal G, Sampath G. Introduction 
of intradermal rabies vaccination 
- A paradigm shift in improving 
post-exposure prophylaxis in Asia. 
Vaccine 2019; 37(Suppl 1): A94-8.

Hampson K, Coudeville L, Lembo T, et 
al. Estimating the global burden of 
endemic canine rabies. PLoS Negl 
Trop Dis 2015; 9(4): e0003709.

Jane Ling MY, Halim A,  Ahmad D, 
et al. Rabies in Southeast Asia: a 
systematic review of its incidence, 

r isk factors  and mortal i ty.  BMJ 
Open 2023; 13(5): e066587.

Khawplod P, Wilde H, Tepsumethanon 
S, et al. Prospective immunogenicity 
s t u d y  o f  m u l t i p l e  i n t r a d e r m a l 
injections of rabies vaccine in an 
effort to obtain an early immune 
r e s p o n s e  w i t h o u t  t h e  u s e  o f 
immunoglobulin.  Clin Infect  Dis 
2002; 35(12): 1562-5.

Knobel  DL,  Cleaveland S,  Coleman 
PG, et al. Re-evaluating the burden 
of rabies in Africa and Asia. Bull 
World Health Organ 2005;  83(5) : 
360-8.

Loofbourow JC, Cabasso VJ, Roby RE, 
Anuskiewicz W. Rabies immune 
globulin (human). Clinical trials 
and dose  determinat ion.  JAMA 
1971; 217(13): 1825-31.

M a t s o n  M A ,  S c h e n k e r  E ,  S t e i n  M , 
Zamfirova V, Nguyen HB, Bergman 
GE.  Safe ty  and efficacy  resul t s 
o f  s i m u l a t e d  p o s t - e x p o s u r e 
prophylaxis with human immune 
g l o b u l i n  ( H R I G ;  K E D R A B )  c o -
administered with active vaccine 
in healthy subjects: a comparative 
p h a s e  2 / 3  t r i a l .  H u m  Va c c i n 
Immunother 2020; 16(2): 452-9.

Morelli F, Augard C, Bourhy H, et al. 
Immunogenicity of rabies vaccines 
i n  p o s t e x p o s u r e  p r o p h y l a x i s 
(PEP) or simulated PEP regimens: 
a  s y s t e m a t i c  l i t e r a t u r e  r e v i e w 



121

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

a n d  m e t a - a n a l y s i s .  P r e s e n t e d 
at  Internat ional  Conference  on 
Rabies in the Americas; 2022 Oct 
2 3 - 2 8 ;  Q u e r é t a r o ,  M e x i c o .  I t s 
Abstract is available from: URL: 
https://rabiesintheamericas.com/
wp-content/uploads/2022_RITA_
XXXIII.pdf 

Morgeaux S, Poirier B, Ragan CI,  et 
al. Replacement of in vivo human 
rabies vaccine potency testing by 
in vitro glycoprotein quantification 
u s i n g  E L I S A  –  R e s u l t s  o f  a n 
international collaborative study. 
Vaccine 2017; 35(6): 966-71.

Moulenat T,  Petit  C,  Bosch Castells 
V, Houillon G. Purified Vero cell 
rabies vaccine (PVRV, Verorab®): 
a systematic review of intradermal 
use between 1985 and 2019. Trop 
Med Infect Dis 2020; 5(1): 40.

Newcombe RG. Two-sided confidence 
intervals for the single proportion: 
comparison of seven methods. Stat 
Med 1998; 17: 857-72. 

Papania  MJ ,  Zehrung D,  Jar rahian 
C .  Te c h n o l o g i e s  t o  i m p r o v e 
i m m u n i z a t i o n .  I n :  Pl o t k i n  S A , 
Orenstein WA, Offit PA, Edwards 
KM, editors.  Plotkin’s Vaccines. 
7th ed. Philadelphia, PA: Elsevier; 
2018. p. 1320-1353.e7.

Pichon S, Guinet-Morlot F, Saleh J, et al. 
Safety and immunogenicity of three 
dose levels of an investigational, 

highly purified Vero cel l  rabies 
vaccine: a randomized, controlled, 
observer-blinded, Phase II study 
with a simulated post-exposure 
regimen in healthy adults.  Hum 
Vacc in  Immunothe r  2023 ;  19 (3 ) : 
2275453.

Pineda-Peña AC, Jiang Q, Petit C,  et 
al. Immunogenicity and safety of 
a purified Vero rabies vaccine – 
serum free,  compared with two 
licensed vaccines, in a simulated 
r a b i e s  p o s t - e x p o s u r e  r e g i m e n 
i n  h e a l t h y  a d u l t s  i n  F r a n c e :  a 
randomized controlled phase III 
trial.  Clin Infect Dis  2024; 78(6): 
1748-1756.

Plotkin SA. Rabies. Clin Infect Dis 2000; 
30(1): 4-12.

Preiss S, Chanthavanich P, Chen LH, 
et  al .  Post-exposure prophylaxis 
( P E P )  f o r  r a b i e s  w i t h  p u r i fi e d 
c h i c k  e m b r y o  c e l l  v a c c i n e :  a 
systematic literature review and 
meta-analysis. Expert Rev Vaccines 
2018; 17(6): 525-45.

Quiambao BP, Ambas C, Diego S, et al. 
Intradermal post-exposure rabies 
vaccination with purified Vero cell 
rabies vaccine: cComparison of a 
one-week, 4-site regimen versus 
updated Thai Red Cross regimen in 
a randomized non-inferiority trial 
in the Philippines. Vaccine  2019; 
37(16): 2268-77. 



122

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.1  January  2025

Quiambao BP, Ambas C, Diego S,  et 
al. Single-visit, 4-site intradermal 
( ID) rabies  vaccination induces 
robust immune responses 5 years 
after  1-week,  4-s i te  ID primary 
post-exposure prophylaxis in the 
Philippines.  Vaccine  2020; 38(21): 
3740-6.

Salahuddin N, Gohar MA, Baig-Ansari 
N. Reducing cost of rabies post 
exposure prophylaxis: experience 
o f  a  t e r t i a r y  c a r e  h o s p i t a l  i n 
Pakistan. PLoS Negl Trop Dis 2016; 
10(2): e0004448.

Schreuder I, De Pijper C, van Kessel 
R, Visser L, van den Kerkhof H; 
D u t c h  a d v i s o r y  c o m m i tt e e  o n 
rabies. Abandon of intramuscular 
a d m i n i s t r a t i o n  o f  r a b i e s 
immunoglobulin for post-exposure 
p r o p h y l a x i s  i n  t h e  r e v i s e d 
guidelines in the Netherlands in 
2018:  cost  and volume savings. 
Euro Surveill 2020; 25(38): 2000018. 

Smith JS, Yager PA, Baer GM. A rapid 
reproducible test for determining 
rabies neutralizing antibody. Bull 
World Health Organ  1973;  48(5) : 
535-41.

Tarantola A, Ly S, In S,  et al .  Rabies 
vaccine and rabies immunoglobulin 
in Cambodia:  use and obstacles 
to use. J  Travel Med  2015; 22(5): 
348-52. 

Timiryasova TM, Hodge SA, Zheng L, 

et al. Preparation and qualification 
o f  i n t e r n a l  r a b i e s  r e f e r e n c e 
standards for  use  in  the rabies 
rapid fluorescent focus inhibition 
test. Sci Rep 2020; 10(1): 9893.

Timiryasova  TM,  Luo  P ,  Zheng  L , 
e t  a l .  R a p i d  fl u o r e s c e n t  f o c u s 
inhibition test optimization and 
validation: iImproved detection of 
neutralizing antibodies to rabies 
virus. J Immunol Methods 2019; 474: 
112626.

Toovey S. Preventing rabies with the 
Verorab vaccine: 1985-2005 Twenty 
years of clinical experience. Travel 
Med Infect Dis 2007; 5(6): 327-48.

World Health Organization (WHO). 
R a b i e s  i n  t h e  S o u t h - E a s t  A s i a 
region, 2024a [cited 2024 Feb 20]. 
Available from: URL: https://www.
w h o . i n t / s o u t h e a s t a s i a / h e a l t h -
topics/rabies

World Health Organization (WHO). 
Rabies  vaccines:  WHO posit ion 
p a p e r  –  A p r i l  2 0 1 8 ,  2 0 1 8 a 
[ c i t e d  2 0 2 4  J u l  0 2 ] .  Ava i l a b l e 
from: URL: https://reliefweb.int/
attachments/343614ff-483c-3a15-
9a32-ac49ca2fc12c/WER9316.pdf 

World Health Organization (WHO). 
Reported number of human rabies 
deaths, 2024b [cited 2024 Sep 20]. 
Available from: URL: https://www.
who.int/data/gho/data/indicators/
indicator-details/GHO/reported-



123

INTRADERMAL PEP PVRV-NG2 RABIES VACCINE REGIMEN

Vol 56  No.1  January  2025

number-of-human-rabies-deaths 

World Health Organization (WHO). 
T h e  i m m u n o l o g i c a l  b a s i s  f o r 
i m m u n i z a t i o n  s e r i e s :  M o d u l e 
17: Rabies,  2017 [cited 2024 Feb 
20]. Available from: URL: https://
i r i s . w h o . i n t / b i t s t r e a m / h a n d
le/10665/259511/9789241513371-
eng.pdf?sequence=1

World Health Organization (WHO). 
WHO expert consultation on rabies. 
Third  report .  Technica l  Report 
Series 1012, 2018b [cited 2023 Mar 
13]. Available from: URL: http://
apps.who.int/iris/bitstream/hand
le/10665/272364/9789241210218-
eng.pdf?ua=1

World Health Organization (WHO). 
WHO Guidelines on transmissible 
s p o n g i f o r m  e n c e p h a l o p a t h i e s 
i n  r e l a t i o n  t o  b i o l o g i c a l  a n d 
pharmaceut ica l  products ,  2003 
[cited 2024 Feb 20]. Available from: 
URL: https://cdn.who.int/media/
docs/default-source/biologicals/
t r a n s m i s s i b l e - s p o n g i f o r m - e n-
cephalopathies/whotse2003.pdf?s-
fvrsn=3455219e_3&download=true 

X u  C ,  L a u  C L ,  C l a r k  J ,  e t  a l . 
Immunogenic i ty  af ter  pre-  and 
post-exposure rabies vaccination: 
a  sys temat ic  rev iew and dose-
response meta-analysis .  Vaccine 
2021; 39(7): 1044-50.


