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ABSTRACT
This first-in-human study (NCT03032588), conducted in Belgium, evaluated a new inactivated poliovirus 
vaccines (IPV) candidate based on Sabin poliovirus strains grown on the high-yield PER.C6® cell line. 
Healthy adults (N = 32) were randomized (1:1) to receive a single dose of PER.C6-based Sabin-IPV (sIPV, 
15:35:112.5 DU/dose) or conventional Salk-IPV (cIPV, 40:8:32 DU/dose). Reactogenicity was assessed up to 
7 days after vaccination, immunogenicity 28 days after vaccination, and safety up to 6 months after 
vaccination.

Solicited adverse events (AEs) were mild to moderate, no changes of concern in vital signs or safety 
laboratory values were observed, and no severe AEs (SAEs) or vaccine-related unsolicited AEs were 
reported after vaccination. A trend to more frequent solicited AEs after sIPV than after cIPV administration 
was observed. Most participants had preexisting neutralizing antibodies against poliovirus types (titer ≥8), 
which were strongly boosted by sIPV. Post-vaccination geometric mean titers were high (≥12,000) and 
similar across the two vaccination groups. Only participants with very high preexisting antibody levels did 
not show a vaccine-induced response, defined in seropositive participants as a 4-fold titer increase. The 10 
initially seronegative (titer <8) participants (n = 5 in each study group) seroconverted and all participants 
had seroprotective antibody levels post-vaccination. The antibodies elicited by sIPV neutralized both 
Sabin and Salk poliovirus strains.

In conclusion, the PER.C6®-based sIPV was well tolerated and highly immunogenic in adults with 
preexisting antibodies to poliovirus.
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Introduction

Broad use of inactivated polio vaccines (IPV) and oral polio 
vaccines (OPV), from the mid-1950s, first in industrialized coun-
tries, then in worldwide polio immunization programs, rapidly 
decreased the global incidence of poliomyelitis.1 In 2017, 30 years 
after the World Health Organization’s (WHO) resolution to era-
dicate polio,2 endemic wild poliovirus was reduced to only three 
countries and the number of yearly reported cases of poliomyelitis 
had fallen from 350,000 to 20.3,4 In 2018, 33 confirmed cases have 
been reported in two countries, and 165 in 2019.5

Trivalent live-attenuated OPV was the cornerstone of that 
success, particularly through its ability to induce herd immu-
nity. Yet, as the end of wild poliovirus transmission seems near, 
the routine use of OPV will also have to come to an end. The 
same trait that made OPV an efficient protection tool when the 
disease was highly prevalent, its live replicating nature, carries 
inherent risks. Indeed, OPV related vaccine associated paraly-
tic poliomyelitis, that is linked to the reversion to virulence of 
the attenuated strains in OPV and the potential for circulation 
of vaccine derived poliovirus are antagonistic to the final stages 
of poliovirus eradication.6 Consequently, in 2008, the World 
Health Assembly endorsed the cessation of OPV routine 

vaccination after polio eradication.7 Following last detection 
in 1999, the eradication of wild poliovirus type 2 was certified 
in 2015 and the type 2 component was withdrawn from all 
OPV immunization programs in April 2016.8,9 As a result, at 
least one dose of trivalent IPV is now advocated to ensure 
immunity against type 2.10,11 Ultimately, once polio is eradi-
cated, the aim is to transition to two or three doses of IPV.

As progress is being made toward polio eradication, atten-
tion has turned to the requirements of a polio-free world and 
available options to reach adequate IPV supply.12,13 This is 
currently constrained and based on traditional Vero-based 
manufacturing. In addition, as the incidence of poliomyelitis 
falls, vaccine production facilities themselves become focal 
points for a potential poliovirus transmission risk. 
Consequently, use of poliovirus strains with lower biosafety 
risk has been called for, along with the search for affordability 
solutions.7 Initiatives have focused on Sabin14 or genetically 
modified15 poliovirus strains to decrease biosafety risks during 
production. In parallel, increasing capacity has been targeted 
through the use of fractional intradermal16 or adjuvanted17 

IPV doses. To date several Sabin-IPV (sIPV) have been 
assessed within clinical trials in adults18,19 and infants,20–25 

and some are licensed in Japan26 and China.23
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The IPV evaluated here is based on the safer-to- 
manufacture Sabin poliovirus strains and the PER.C6® plat-
form. This platform supports a high productivity of 
polioviruses,27–29 which showed immunogenicity in preclinical 
models.29 We describe here the first clinical assessment of the 
PER.C6® sIPV in adult volunteers.

Methods

Design and objectives

This Phase 1, randomized, controlled, double-blind study was 
conducted at a single study center in Belgium (Center for 
Vaccinology, Ghent University Hospital) between October 23 
2017 and May 18 2018 (Clinicaltrials.gov identifier: 
NCT03032588). The clinical procedures were approved by 
the Ethical Committee of the study center and the study was 
carried out according to good clinical practice principles, in 
accordance with the declaration of Helsinki.30,31 All partici-
pants provided written informed consent before undergoing 
the screening procedures.

The primary objective of the study was to assess the safety 
and tolerability of PER.C6®-based sIPV in terms of solicited 
local and systemic adverse events (AEs) in the 7 days after 
vaccination, unsolicited events in the 28 days after vaccination, 
and serious AEs (SAEs) in the 6 months following vaccination. 
Information on safety laboratory parameters was also collected 
at screening, immediately before vaccination, and 7 days after 
vaccination.

The immunogenicity of the vaccine was assessed as 
a secondary objective by measuring neutralizing antibody titers 
against the three poliovirus types, immediately before and 
28 days after vaccination.

Study participants

The study was designed to vaccinate 32 healthy adults aged 
between 18 and 45 years. Participants were randomized 1:1 to 
receive a single dose of the PER.C6®-based sIPV or the con-
ventional cIPV (Salk-IPV, Sanofi Pasteur’s Imovax™).

Before receiving study vaccine, participants were screened 
for eligibility based on physical examination, medical his-
tory, vital signs, and clinical laboratory tests. The main 
exclusion criteria from study participation were: polio vac-
cination in the past 6 months; allergy; immunological defi-
ciency, immune-suppressive treatment, or autoimmune 
disease; any other vaccination received within the 30-day 
period before vaccination, or planned vaccination up to 
4 weeks post-vaccination; acute disease and/or fever at the 
time of vaccination; investigational drug received within 
3 months or an experimental vaccine received within 
6 months before administration of study vaccine; participa-
tion in another investigational study during the course of 
this study; pregnancy or breastfeeding. The effect of this 
vaccine on a fetus as well as the effect on sperm is unknown. 
From the day of first vaccination until 3 months after vacci-
nation, male participants had to use a condom when enga-
ging in sexual intercourse and women of childbearing 

potential had to agree to practice a highly effective method 
of contraception.

Vaccination

The PER.C6®-based sIPV candidate was produced by Janssen 
with a target antigen content of 15 D-antigen units (DU) for 
poliovirus type 1, 35 DU for type 2, and 112.5 DU for type 3.

The conventional cIPV contained 40 DU of poliovirus type 
1 (Mahoney), 8 DU of type 2 (MEF-1), and 32 DU of type 3 
(Saukett).

The vaccine was administered into the deltoid muscle. Study 
vaccines were prepared and administered by designated 
unblinded study personnel who were not involved in the post- 
vaccination assessment of participants.

Safety analyses

Safety laboratory assessments were performed on blood sam-
ples collected at screening, before administration of the vac-
cine, and 7 days thereafter for the detection of emerging 
laboratory abnormalities. Laboratory abnormalities were deter-
mined according to the FDA/CBER toxicity grading tables32 

and the normal ranges of the testing laboratory.
Participants were observed for 30 minutes after vaccination 

at the study site. Vital signs were measured immediately before 
and 30 minutes after vaccination. Participants received diary 
cards for daily recording of their body temperature and occur-
rences of solicited local and systemic AEs in the 7 days after 
vaccination. Information on other (unsolicited) AEs and on 
concomitant medication related to AEs/SAEs was collected at 
every study visit and additional contact until Week 4 after 
vaccination. Information on potential SAEs was collected 
until 6 months after vaccination.

Electronic data capture for the safety analyses was per-
formed using Medidata Rave®.

Immunogenicity analyses

A blood sample was collected immediately before and 
28 days after vaccination for measuring neutralizing antibody 
titers against the wild-type Salk poliovirus strains (type 1 
[Mahoney], type 2 [MEF-1], and type 3 [Saukett]), as well 
as the Sabin poliovirus strains (types 1, 2, and 3) in accor-
dance with the WHO recommendations for immunogenicity 
assessment of IPV.33 The assays were performed at Centers 
for Disease Control and Prevention in the United States. 
Polio neutralizing antibodies were determined by 2-fold 
serial dilution of serum, which was added to HEp-2(C) cells 
for 5 days, together with Salk Polio (Mahoney, MEF-1, or 
Saukett) or Sabin (type 1, 2, or 3) virus at 100 CCID50/25 μl, 
at 35°C. Cells were stained by crystal violet (0.05%) and titer 
was determined by the mean of the triplicate, based on the 
number of wells positive for neutralization.34 The assay range 
was extended to 18.5 log2 to allow the measurement of 
unusually high titers induced by boosting pre-immune 
adults.
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Statistical analyses

The primary population for the safety and immunogenicity 
analyses consisted, respectively, of all vaccinated participants 
with safety data available and of all vaccinated participants with 
post-vaccination immunogenicity data available.

Statistical analyses for phase 1 reporting were performed 
using SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA).

Regarding demographic characteristics, mean and standard 
deviation were provided for age, height, weight, and body mass 
index.

Baseline for safety laboratory tests and vital signs was 
defined as the last evaluation before vaccination. Safety data 
were analyzed descriptively. The verbatim terms used to iden-
tify unsolicited AEs were coded using the Medical Dictionary 
for Regulatory Activities (MedDRA version 21). All solicited 
and unsolicited AEs with onset within 7 or 28 days, respec-
tively, after vaccination, including abnormalities in safety 
laboratory values and vital signs in the 7 days after vaccination, 
were included in the analysis. For each AE, the percentage of 
participants who experienced at least one occurrence of the 
event was calculated per vaccine group.

The proportion of participants with antibody titers against 
poliovirus ≥8, seroprotective threshold in the Salk neutralizing 
assay, and geometric mean titers (GMT) with 95% confidence 
intervals (Cis) were calculated per vaccination group for each 
poliovirus type in the two assays. Means with 95% CI of the 
log2 transformed values were back-transformed to estimate 
GMT with 95% CI. As per WHO’s definition,33 seroconversion 
was defined for initially seronegative (titer <8) individuals as 
a post-vaccination antibody titer ≥8 and for individuals who 
were initially seropositive (titer ≥8) as a ≥ 4-fold increase in 
antibody titer, testifying of a vaccine-induced immune 
response. Reverse cumulative distribution curves of antibody 
titers were plotted per vaccine group for each poliovirus type.

Results

A total of 32 participants were vaccinated and included in the 
analysis of safety and immunogenicity data. The disposition of 
the study participants is presented in Figure 1.

Demographics

Demographic characteristics were similar across the two 
groups (Table 1). More women than men were enrolled in 
each study group.

Polio vaccination of children before the age of 18 months 
was made mandatory in Belgium in 1967. The complete polio 
vaccination coverage rate in Belgium in 2016 was 93%; there-
fore, it is assumed that a similar proportion of enrolled parti-
cipants had received primary vaccination against poliovirus 
during childhood.35 Previous polio vaccination history was 
not recorded at study entry, but information was sought at 
the end of the trial from four participants with high pre- 
vaccination titers who had not shown a 4-fold increase in 
titer: two had received an IPV booster as travel vaccines 4 
and 5 years before the trial respectively, the other two partici-
pants had no vaccination records nor memory of receiving 
a polio vaccine booster in preceding years.

Safety results

Most study participants – 15 (93.8%) in the sIPV group and 10 
(62.5%) in the cIPV group – experienced AEs at the injection 
site: these were almost exclusively occurrences of pain/tender-
ness (Figure 2). A single occurrence of swelling/induration was 
reported in the sIPV group; erythema was not reported. Local 
solicited AEs were all graded 1 (mild) in intensity, except one 
occurrence of pain/tenderness in the cIPV group, which was of 
Grade 2 intensity (moderate). Most participants in the two 
groups reported systemic AEs: 13 (81.3%) in the sIPV group 
and nine (56.3%) in the cIPV group. The most frequent event 
was fatigue, described by nine (56.3%) participants in the sIPV 

Figure 1. Study disposition. cIPV = conventional Salk-IPV; sIPV = Sabin-IPV.

Table 1. Demographic characteristics of vaccinated participants (mean ± SD).

sIPV (n = 16) cIPV (n = 16)

Age (year) 29.8 ± 8.33 29.1 ± 8.40
Gender (female/male) 11/5 12/4
Height (cm) 168.9 ± 8.70 169.6 ± 9.56
Weight (kg) 69.6 ± 9.79 67.5 ± 11.18
BMI (kg/m2) 24.3 ± 3.34 23.4 ± 2.63

BMI = body mass index 
SD = standard deviation
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group and seven participants (43.8%) in the cIPV group, fol-
lowed by myalgia, reported in eight (50%) of the sIPV partici-
pants and four (25%) of the cIPV recipients. Systemic AEs 
judged as caused by vaccination were reported with 
a frequency of 62.5% in the sIPV group and 50% in the cIPV 
group. Most solicited systemic AEs were mild in intensity. 
There was a single occurrence of Grade 2 for each of the 
solicited systemic AEs in the sIPV group. Grade 2 fever 
(38.5–38.9°C) in one participant was present on the day of 
vaccination only; the event lasted 1 day, was resolved by Day 
2 and was considered related to vaccination. No Grade 3 events 
were reported during the study. The median time to onset of 
solicited AEs was similar in the two groups: 1 day for local AEs 
and 2 days for most systemic events. The median duration was 
1 day for all solicited AEs in the two groups.

Other (unsolicited) AEs were reported by five study parti-
cipants (31.3%) in the sIPV group and 10 participants (62.5%) 
in the cIPV group. One occurrence of hemorrhage at the 
injection site (in the cIPV group) was caused by the vaccination 
procedure. Unsolicited AEs were mainly represented by 
respiratory tract infections and headache (11 out of 15 occur-
rences), and none was judged as causally related to the admin-
istration of the study vaccines.

One safety laboratory abnormality emerging after vaccina-
tion was detected in each group: a marginal increase in aspar-
tate aminotransferase concentration of approximately 1.2-fold 
compared to the upper limit of normal, which met the defini-
tion of a Grade 1 increase (defined as a 1.1–2.5-fold increase).

No SAEs were reported during the 6-month post- 
vaccination period, and overall the vaccine was well tolerated, 
showing an acceptable safety profile within this population.

Immunogenicity results

Similar immunogenicity results were obtained using the Salk and 
Sabin neutralization assays for the primary analysis (Table 2). 
From here on, immunogenicity data are provided from the Salk 
neutralization assay. Most participants (12–16 from a total of 16) 
had seroprotective titers (≥8) of neutralizing antibodies against 
at least one poliovirus type before vaccination. sIPV vaccination 
induced a strong increase in polio neutralizing antibody titers as 
measured 28 days later (Table 2, Figure 3). Overall, the magni-
tude of the increase in titers was similar with each vaccine, as 
illustrated by reverse cumulative distribution curves (Figure 4). 
Due to the limited group size, no formal statistical comparison of 

titers was performed. All participants mounted titer increases of 
at least 4-fold, with the exception of two in the sIPV group and 
four in the cIPV group. After vaccination, all initially seronega-
tive participants (for polio types 1, 2, and 3: n = 4, n = 2, and 
n = 4, respectively in the sIPV group; n = 4, n = 1, and n = 4, 
respectively in the cIPV group) had mounted antibody titers ≥8 
which defines seroprotection as measured in the Salk assay. 
Overall, the sIPV candidate was immunogenic toward the 
three types of Salk and Sabin poliovirus strains.

Discussion

The first demonstration of the feasibility for the use of Sabin PV 
strains for IPV was obtained in 1988 in a clinical study in adults, 
where the vaccine boosted preexisting neutralizing antibody levels 
and induced seroprotection in seronegative individuals.36 The 
current first-in-human study assessed the safety and immuno-
genicity of a new Sabin-based IPV for which the polio virus strains 
were grown on the high yield PER.C6® cell line. This vaccine 

Figure 2. Local and systemic solicited adverse events reported during the 7 days after vaccination. cIPV = conventional Salk-IPV; sIPV = Sabin-IPV.

Table 2. Poliovirus neutralizing antibody seroprotection rates and seroconversion 
rates for wild-type and Sabin poliovirus strains before and 28-days post- 
vaccination.

Salk Virus Neutralization Assay

sIPV cIPV

SP n (%) SC n (%) SP n (%) SC n (%)

sIPV cIPV

SP n (%) SC n (%) n ≥ 8 (%) SC n (%)

Type 1 (Mahoney)
Pre (n = 16) 12 (75.0) – 12 (75.0) –
Post (n = 16) 16 (100.0) 14 (87.5) 16 (100.0) 15 (93.8)
Type 2 (MEF-1)
Pre (n = 16) 14 (87.5) – 13 (81.3) –
Post (n = 16) 16 (100.0) 15 (93.8) 16 (100.0) 12 (75.0)
Type 3 (Saukett)
Pre (n = 16) 12 (75.0) – 12 (75.0) –
Post (n = 16) 16 (100.0) 16 (100.0) 16 (100.0) 13 (81.3)

Sabin Virus Neutralization Assay
Type 1
Pre (n = 16) 15 (93.8) – 13 (81.3) –
Post (n = 16) 16 (100.0) 14 (87.5) 16 (100.0) 15 (93.8)
Type 2
Pre (n = 16) 15 (93.8) – 13 (81.3) –
Post (n = 16) 16 (100.0) 15 (93.8) 16 (100.0) 15 (93.8)
Type 3
Pre (n = 16) 15 (93.8) – 12 (75.0) –
Post (n = 16) 16 (100.0) 16 (100.0) 16 (100.0) 15 (93.8)

SP (seroprotection) = neutralization titer ≥8 
SC (seroconversion) = post-vaccination titer ≥8 in initially seronegative partici-

pants and ≥4-fold increase in titer in initially seropositive participants
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Figure 4. Reverse cumulative distribution curves of poliovirus neutralizing antibody titers against Salk strains before and 28 days after vaccination. Dotted line = before 
vaccination; Solid line = 28 days after vaccination. The vertical line at 2.7 shows the lower limit of quantitation of the assay. Red line = subjects who received sIPV; Blue 
line = subjects who received cIPV. cIPV = conventional Salk-IPV; sIPV = Sabin-IPV.

Figure 3. Geometric mean titers (with 95% CI) of poliovirus neutralizing antibodies before and after vaccination. Neutralizing titers to Salk (A) or Sabin (B) virus type 1, 2 
and 3 are plotted for each group (n = 16 per group). Blue bars show the baseline titers of the subjects before vaccination, yellow bars the titers 28 days after vaccination. 
The lower limit of detection of the assay is 22,7 (6.49). Seroprotection in the Salk assay is a titer of 8 for each type 1, 2 and 3. Seroprotection titers for Sabin (type 1, 2 
and 3) are not defined. cIPV = conventional Salk-IPV; CI = confidence interval; sIPV = Sabin-IPV.
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candidate supports the aim of lower risk manufacturing while the 
use of the PER.C6® cell line platform has the potential for the 
production of a sIPV with lower cost-of-goods than conventional 
production platforms.

The primary objective of our study was to assess the safety 
of a high dose of the sIPV candidate in healthy adult volun-
teers. The vaccine appeared safe and was well tolerated overall. 
No changes of concern in laboratory safety parameters or vital 
signs were noted. The local and systemic AEs classically asso-
ciated with vaccination were reported as mild or moderate, and 
the only noteworthy observation was their higher frequency in 
the sIPV group, which may be explained by the high vaccine 
dose (15:35:112.5 DU). Of note, an imbalance in the other 
direction (i.e., more frequently reported in the cIPV group), 
was observed for unsolicited symptoms, which were not judged 
as caused by vaccination. This highlights the possible chance 
occurrence of imbalances with such small sample sizes. Further 
assessment of this sIPV candidate in pediatric studies will 
include formulations with lower total antigenic content than 
the dose used in this Phase 1 study.

The reactogenicity and safety data of this study showed 
similar trends to previous reports obtained with a sIPV assessed 
in adults in Poland18 and Cuba,19 although administered at other 
dosages. As in the current study, AEs were generally mild and 
moderate in intensity; the main local AE was injection-site pain. 
Although it is currently not possible to compare antigenic con-
tents of different sIPVs, the establishment of the first WHO 
international standard is underway and will make this feasible 
in the future.37

The robust boosting of poliovirus neutralizing antibody levels 
observed in this study was also reported for adults immunized in 
infancy and childhood in Poland and Cuba.18,19 Although 
a direct comparison was not possible, due to the different antigen 
contents of these vaccines, the post-vaccination GMTs in the 
adult study in Poland were very similar to those from our study 
in Belgium.18 In the latter, the response to poliovirus type 2 was 
strong, confirming previous findings that the lower immuno-
genicity of Sabin type 2 strains in rodent models is not observed 
in humans.19 The antibodies elicited by sIPV neutralized both 
the Salk and the Sabin poliovirus strains. Recent data have 
indicated that sIPV are able to elicit a broad neutralizing 
humoral immunity against a diversity of wild and vaccine- 
derived poliovirus,38 confirming sIPV as a valuable tool in the 
prevention of poliomyelitis.

Our study illustrates the limitations inherent to Phase 1 
trials and the small sample size does not permit the precise 
determination of the frequency of AEs.

Both the sIPV and cIPV were highly immunogenic in this adult 
population (likely vaccinated against polio during childhood) in 
which approximately 75% of individuals had preexisting immu-
nity against poliovirus at baseline. After vaccination, all partici-
pants had poliovirus neutralizing antibody titers above 
seroprotective levels, including those participants with undetect-
able preexisting immunity. The acceptable safety and immuno-
genicity profile justifies further evaluation of this new sIPV in the 
pediatric population. A Phase 2 study in infants is currently 
ongoing.

Polio eradication efforts will require more IPV to accom-
pany the withdrawal of type 2 OPV. In addition, once OPV is 

discontinued entirely post-eradication, the global public health 
system will need significantly more IPV at an affordable price 
than is currently available to support IPV-only immunization 
programs. sIPV manufactured on the highly productive PER. 
C6® cell line has the potential to be a safe, effective, and 
affordable alternative IPV for the sustained protection of global 
populations against polio.
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