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Summary

Background—*Following the proposed worldwide switch from trivalent oral poliovirus vaccine
(tOPV) to bivalent types 1 and 3 OPV (bOPV) in 2016, inactivated poliovirus vaccine (IPV)

will be the only source of protection against poliovirus type 2. With most countries opting for

one dose of IPV in routine immunisation schedules during this transition because of cost and
manufacturing constraints, optimisation of protection against all poliovirus types will be a priority
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of the global eradication programme. We assessed the immunogenicity and safety of a novel
monovalent high-dose inactivated poliovirus type 2 vaccine (mIPV2HD) in infants.

Methods—This observer-blind, comparative, randomised controlled trial was done in a single
centre in Panama. We enrolled healthy infants who had not received any previous vaccination
against poliovirus. Infants were randomly assigned (1:1) by computer-generated randomisation
sequence to receive a single dose of either mIPV2HD or standard trivalent IPV given concurrently
with a third dose of bOPV at 14 weeks of age. At 18 weeks, all infants were challenged with

one dose of monovalent type 2 OPV (mOPV?2). Primary endpoints were seroconversion and
median antibody titres to type 2 poliovirus 4 weeks after vaccination with mIP\VV2HD or IPV

and safety (as determined by the proportion and nature of serious adverse events and important
medical events for 8 weeks after vaccination). The primary immunogenicity analyses included all
participants for whom a post-vaccination blood sample was available. All randomised participants
were included in the safety analyses. This trial is registered with ClinicalTrials.gov, number
NCT02111135.

Findings—Between April 14 and May 9, 2014, 233 children were enrolled and randomly
assigned to receive mIPV2HD (117 infants) or IPV (116 infants). 4 weeks after vaccination

with mIPVV2HD or IPV, seroconversion to poliovirus type 2 was recorded in 107 (93:0%, 95% CI
86-8-96-9) of 115 infants in the mIPVV2HD group compared with 86 (74-8%, 65-8-82-4) of 115
infants in the IPV group (difference between groups 18-3%, 95% CI 5-0-31-1; p<0-0001), and
median antibody titres against poliovirus type 2 were 181 (95% CI 72:0-362:0) in the mIPV2HD
group and 36 (18-:0-113-8) in the IPV group (difference between groups 98-8, 95% CI 60-7-136-9;
p<0-0001). Serious adverse events were reported for six (5%) of 117 infants in the mIP\V2HD
group and seven (6%) of 116 infants in the IPV group during the 8-week period after vaccination;
none were related to vaccination. No important medical events were reported.

Interpretation—Our findings lend support to the use of mIPV2HD as an option for stockpiling
for outbreak response or primary protection in selected areas at risk for emergence of poliovirus
type 2 during the next phase of the polio eradication plan.

Funding: Bill & Melinda Gates Foundation.

Introduction

The worldwide eradication of polio is closer than ever, with the number of cases caused by
wildtype poliovirus decreasing substantially in recent years.! Currently, only two countries,
Pakistan and Afghanistan, are regarded as endemic for polio, where transmission of wild
poliovirus has never been interrupted.2 Also, of the three serotypes of wild poliovirus, only
type 1 is currently circulating in these endemic countries. Wild poliovirus type 2 is deemed
eradicated because the last naturally occurring case was seen in 1999. However, Sabin
poliovirus type 2 accounts for roughly 97% of recent circulating vaccine-derived poliovirus
outbreaks that typically occur in areas with low immunisation coverage and about 26-31%
of cases of vaccine-associated paralytic poliomyelitis.3 No cases of wild poliovirus type 3
have been reported since November, 2012, the longest period ever for interruption of type 3
circulation.

Lancet Infect Dis. Author manuscript; available in PMC 2022 May 16.


https://ClinicalTrials.gov/
https://clinicaltrials.gov/ct2/show/NCT02111135

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Séez-Llorens et al.

Page 3

With such historic progress being made in interrupting transmission of wild poliovirus,
estimates suggest that the current burden of vaccine-related poliomyelitis is probably greater
than that caused by wild poliovirus.! The overall worldwide risk of vaccine-associated
paralytic poliomyelitis is estimated to be 4.7 cases per million livebirths, which means an
annual incidence of about 498 cases.3 Additionally, the mean number of reported cases of
circulating vaccine-derived poliovirus has been 76 per year during the period between 2005
and 2013.1 By contrast, the total number of polio cases caused by wildtype strains was 416
in 2013 and 359 in 2014.4 Therefore, vaccination policies for the eradication programme
need to ensure that adequate focus is given to the elimination of all types of polioviruses to
achieve and sustain polio eradication in the long term.

With this epidemiological backdrop, the Polio Eradication and Endgame Strategic Plan
2013-2018 was developed by the Global Polio Eradication Initiative (GPEI) in 2013 with
the aim of wiping out the last cases of polio from all causes by 2018.% As a first step towards
eliminating vaccine-related polio disease, the Endgame Plan recommends replacement of
trivalent oral poliovirus vaccine (tOPV, which protects against types 1, 2, and 3), with
bivalent oral poliovirus vaccine (bOPV, which protects against types 1 and 3), by April,
2016, preceded by the introduction of at least one dose of inactivated poliovirus vaccine
(IPV) in routine immunisation programmes worldwide. From 2016 onwards, a mixed bOPV-
IPV regimen in the Expanded Program on Immunization schedule is recommended, in
which the one dose of IPV would be used with the primary intent to prime the population
for immunity against poliovirus type 2. Additionally, this dose of IPV will boost immunity
against types 1 and 3. The final step of the Endgame Plan would be to stop all OPV use after
2018-19 and to use only IPV for protection against polio.>® This strategy was endorsed by
the Strategic Advisory Group of Experts on immunization (SAGE) in October, 2015.7

The current formulation of IPV with D-antigen (D-Ag) content of 40, 8, and 32 units

for poliovirus types 1, 2, and 3, respectively, in IPV stand-alone or combination vaccines
was established on the basis of a series of pivotal studies by Salk and his co-workers.8-12
Although the formulations containing 320-32-64 and 80-8-16 D-Ag units produced higher
rates of seroconversion, the 40-8-32 D-Ag unit formulation was chosen because it induced
sufficient immune response in infants after administration in full primary series of three
or more doses and could be manufactured in adequate quantities.13 The immune response
from IPV to poliovirus type 2 is low and might be related to its sensitivity to formalin
inactivation.14 When given at or after 2 months of age, currently available IPV provides
32-77% seroconversion against poliovirus type 2.15-18 Achieving better protection against
poliovirus type 2 from a single dose of inactivated vaccine could have substantial public
health benefit, particularly during the period when tOPV will be replaced by bOPV
worldwide, putting type 2 protection at some risk.

With the aim of improving type 2 immunogenicity with a single dose, monovalent high-dose
inactivated poliovirus type 2 vaccine (mIPV2HD) was formulated, containing 32 D-Ag units
of poliovirus type 2, which is four times the content in IPV. The content of poliovirus

type 2 in this monovalent formulation is equivalent to that in the previous experimental
320-32-64 unit trivalent formulation, which was not associated with any safety issues in
initial studies.8-10.13 The advantages of such a high-dose type 2 formulation could be a
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higher proportion of infants protected from paralysis with a single dose, better kinetics of
priming, or both. These characteristics would be important for a stockpile vaccine candidate
in case of an outbreak of poliovirus type 2 from sources such as undetected circulation

of vaccine-derived poliovirus type 2 after the switch from tOPV to bOPV, accidental (or
intentional) release from a laboratory or vaccine manufacturer, or immunodeficiency-related
vaccine-derived poliovirus excretion in a population with low coverage. Since bOPV has
been shown to be more immunogenic than tOPV,19 the omission of poliovirus types 1 and

3 from IPV and focus on type 2 response could also allow the use of this vaccine in routine
immunisation along with bOPV for a limited period of time in selected areas at high risk for
type 2 emergence.

Although there were a priori no major safety concerns for this mIPV2HD vaccine candidate,
the safety profile of this formulation was assessed in a phase 1 study in 80 healthy adults

in Belgium (NCT01997632). No vaccine-related serious adverse events were reported up

to 6 months after vaccination and no treatment-emergent clinically significant abnormal
laboratory values were seen. The reactogenicity profile for mIPV2HD was similar to that

of the control, commercially available IPV. We report the results of a phase 2 trial of this
vaccine in a naive human population.

Study design and participants

This observer-blind, comparative, randomised, controlled, clinical trial was done between
April 10, 2014, and Jan 30, 2015, in a single centre in Panama. Parents or legal guardians
were advised about the trial during the late stage of pregnancy or at the first postnatal visit,
when the physician assessed eligibility and obtained written informed consent.

Participants were healthy infants aged about 6 weeks (accepted range 5-8 weeks). Only
one infant was enrolled per household. Infants were excluded if they had been previously
vaccinated against poliovirus, had a confirmed or suspected immunodeficiency, a low
birthweight (<2500 g), or had a known allergy to any component of the study vaccines.
Infants were also excluded if a household member had received OPV within the previous 3
months or was scheduled to receive OPV during the study period.

Other vaccines were provided according to the national immunisation schedule of Panama
to ensure that participants were fully protected (appendix). The study vaccines were thus
given concomitantly (but in a different limb) with DTPw-HBV-Hib (diphtheria, tetanus,
whole-cell-pertussis plus hepatitis B virus plus Haemophilus influenzae type b) or DTPw-
Hib, followed by hepatitis B vaccine, pneumococcal conjugate vaccine, and oral rotavirus
vaccine.

The study was approved by the ethical review board of the Hospital del Nino, Panama,
and was done in accordance with the Declaration of Helsinki, the International Conference
on Harmonisation guideline for Good Clinical Practice, and the codes and regulations of
Panama regarding research on human participants. Oversight of the study was provided by
an independent data safety and monitoring board.
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Randomisation and masking

Procedures

Eligible infants were randomly assigned (1:1) into the two study groups by computer-
generated randomisation envelopes. Randomisation was done directly by the unmasked
personnel administering the corresponding vaccine prescribed on the envelope assignation.
The randomisation list remained concealed from the sponsor, investigators, and the data
safety and monitoring board unless the board ruled otherwise. The study was open-label

for the vaccine administrators, but the site staff responsible for safety follow-up (who were
different from the vaccinating nurses) and parents or guardians of the study participants were
not aware of the treatment group to which the child had been assigned. Laboratory personnel
responsible for processing and analysing samples and all other assessments were blinded to
group allocation.

Infants first received two doses of bOPV (Sanofi Pasteur, Lyon, France) at 6 and 10 weeks
of age. At 14 weeks, infants received one intramuscular dose of either mIPV2HD (0-5 mL;
Bilthoven Biologicals, Bilthoven, Netherlands) containing 32 D-Ag units of inactivated type
2 poliovirus or IPV (0-5 mL; Sanofi Pasteur), which was given concurrently with a third
dose of bOPV. At 18 weeks, all infants were challenged with one dose of mMOPV2 (Polio
Sabin Mono Two; GlaxoSmithKline, Rixensart, Belgium).

Neutralising antibody titres for poliovirus types 1, 2, and 3 were assessed at 6, 14, 15,

18, and 19 weeks of age. Serum samples were prepared immediately after collection

of blood, stored at —20°C, and sent frozen to the US Centers for Disease Control and
Prevention (CDC, Atlanta, GA, USA) laboratory for analysis using the WHO standard
microneutralisation assay, as described previously.18 Neutralisation titres were estimated by
the Spearman-Karber method2? and expressed as the reciprocal titre of the calculated 50%
endpoint. Titres greater than 1448 (the highest dilution tested) were attributed the value
1448. Intestinal shedding of poliovirus type 2 was assessed in stool samples (5-10 g per
sample) collected by WHO-approved protocols and kits once weekly during a period of 3
weeks after mOPV2 challenge; samples were transported frozen to the CDC laboratory for
analysis by culture in accordance with the WHO protocol.2! Antibody titres against type 2
poliovirus were expressed as logig 50% cell culture infective dose (CCIDsgg) per gram of
stool.

Study staff recorded medical history and provided training and a diary card for parents

to record safety data and medication use. In addition to filling out the cards, parents or
guardians were asked at each of the site visits to provide information about any adverse
event that occurred since their last visit. A toll-free telephone number was also provided for
parents or guardians to call the study team if medical advice was required. Solicited local
and general adverse events were recorded for 1 week after administration of study vaccines;
unsolicited adverse events and concomitant drug treatment were recorded for 4 weeks post
vaccination; and serious adverse events were recorded over the entire study period of 34
weeks. Important medical events, defined as medically significant events that did not meet
the criteria for a serious adverse event, but that required medical or surgical consultation

or intervention to prevent the event from becoming serious, were also recorded during the
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entire study period. Two blood samples were collected (before vaccination and 1 week after)
for routine serum chemistry and haematological laboratory testing.

Primary immunogenicity outcomes were the proportion of infants with antibody
seroconversion to poliovirus type 2 and median antibody titres against poliovirus type 2

at 18 weeks of age (ie, 4 weeks after vaccination with mIPVV2HD or IPV). For infants

who were seronegative (titre <8) at the time of vaccination, seroconversion was defined

as achieving an antibody titre of at least eight after vaccination; for infants who were
seropositive (titre =8), seroconversion was defined as a titre four times higher than the
expected fall in maternal antibody concentrations based on the prevaccination titre (using a
half-life of 24 days for maternal antibody). Secondary immunogenicity outcomes included
the proportion of infants with seroconversion to poliovirus type 2 and median antibody
titres 1 week after vaccination; quantitative index (percentage of infants who shed the virus,
amount of virus shed, duration of shedding) of type 2 viral shedding during a 3-week period
after mOPV2 challenge; and the proportion of infants with seroconversion and median
antibody titres for poliovirus types 1 and 3 at 14 and 18 weeks of age.

The primary safety outcome was the proportion of infants with serious adverse events and
important medical events during the 8-week period after vaccination with mIPV2HD or IPV.
Secondary safety outcomes included the proportion of infants with serious adverse events
and important medical events during the entire study; the frequency and severity of solicited
local and systemic adverse events on the day of vaccination with mIPV2HD or IPV and the
following 7 days; frequency of abnormal laboratory values on the day of vaccination with
mlIPV2HD or IPV and 1 week later; and frequency and severity of unsolicited adverse events
from the day of vaccination with mIPVV2HD or IPV and the following 28 days.

Statistical analysis

For sample size calculations, the proportion of infants with seroconversion to poliovirus
type 2 after one dose of mIPVV2HD was considered to be 45%. With a sample size of 108
infants, the power of the study was 90% to declare superiority of mIP\V2HD over IPV

if seroconversion was 23% higher in the mIPVV2HD group than in the IPV group. This
sample size also provided 90% power to declare superiority of mIPVV2HD over IPV if the
difference in median neutralisation titres against type 2 poliovirus was greater than nine;

it also provided a 95% probability of detecting any safety signal with a true frequency of
about one in 40 participants, using the rule of three. Assuming that 10% of the participants
would not be evaluable, 120 infants were recruited in each group. The actual retention was
adequate for power calculations for primary outcomes.

For the primary objective related to immunogenicity, we used the 95% Fisher exact CI for
the difference in binomial proportions to assess the superiority of the proportion of type

2 seroconversion. Superiority was to be concluded if the 95% CI did not include the null
value. We also compared the proportion of infants with seroconversion between groups with
Fisher’s exact test. A Hodges-Lehmann estimate, together with the 95% distribution-free

ClI (ie, Moses confidence limit) and a Mann-Whitney-Wilcoxon test, was used to determine

Lancet Infect Dis. Author manuscript; available in PMC 2022 May 16.
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whether the difference between the type 2 median neutralisation titres in the two groups was
statistically significant.

Intestinal immunity to poliovirus type 2 was assessed with the quantitative shedding index,18
which was based on the average logo-transformed values of virus concentration in stool
samples collected at three different timepoints at weekly intervals. Titres of virus shed

at each timepoint and the shedding index were compared between groups using the Mann-
Whitney-Wilcoxon test.

The primary immunogenicity analyses included all participants for whom a post-vaccination
blood sample was available. All randomised participants were included in the analyses of
safety and reactogenicity. Analyses were done with SAS version 9.2. This trial is registered
with ClinicalTrials.gov, number NCT02111135.

Role of the funding source

Results

One of the authors of this report (ASB) is an employee of the study sponsor, and was
involved in the study design, data interpretation, and writing of the report. All authors had
full access to all the data from the study; the corresponding author had final responsibility
for the decision to submit for publication.

Between April 14 and May 9, 2014, 233 infants were enrolled and randomly assigned to
receive mIPV2HD (n=117) or IPV (n=116; figure). All 233 infants received the allocated
polio vaccines at 6 weeks (bOPV), 10 weeks (bOPV), and 14 weeks (bOPV and mIPV2HD
or IPV) of age and 230 (99%) infants received the mOPV2 challenge 4 weeks later at 18
weeks of age. Overall, 201 (87%) randomised infants completed the study.

The mean age of the infants at enrolment was 6:1 weeks (SD 0:9) and most were Hispanic
(90%). The two groups were well-balanced with respect to sex, breastfeeding, and day-care
attendance (table 1).

At baseline, 139 (60%) of infants had detectable maternal antibodies against poliovirus type
2 (71 [62%] in the mIPV2HD group; 68 [59%] in the IPV group). This number fell to 83
(35%) at the time of vaccination with mIPVV2HD or IPV at 14 weeks of age (44 [38%] in

the mIPV2HD group; 39 [33%] in the IPV group). 4 weeks after vaccination (at 18 weeks
of age), seroconversion to poliovirus type 2 was recorded in 107 (93:0%; 95% CI 86-8-96-9)
of 115 infants in the mIPVV2HD group and 86 (74-8%; 65-8—-82-4) of 115 infants in the

IPV group (difference between groups 18-3% [95% CI 5:0-31-1]; p<0-0001; table 2). The
median neutralising antibody titre against type 2 poliovirus 4 weeks after vaccination (18
weeks of age) was 181 (95% CI 72:0-362:0) in the mIPV2HD group and 36 (18-0-113-8) in
the IPV group (difference between groups 98-8 [95% CI 60-7-136-9]; p<0:0001).

A significant difference between groups in the proportion of infants with seroconversion

to poliovirus type 2 was seen as early as 1 week after vaccination with mIPV2HD or IPV
(93:0% [95% CI 86-8-96-9] in the mIPV2HD group vs76-3% [67-4-83-8] in the IPV group;
p<0-0001; table 2). Median antibody titres against type 2 poliovirus were also higher in the
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mIPV2HD group than in the IPV group at this time (288 [95% CI 90-5-910-2] vs45 [18.-0-
114-0]). 1 week after the mOPV2 challenge, seroconversion to poliovirus type 2 reached
98:2% (95% CI 93:7-99-8) in the mIP\VV2HD group compared with 91:2% (84:5-95.7) in the
IPV group, indicating priming for type 2 from the single dose of inactivated vaccines. One
of the two infants who remained seronegative after vaccination with mIPV2HD and seven of
eight infants who remained seronegative after vaccination with IPV seroconverted within a
week of challenge.

Following mOPV2 challenge, 80 (84%) of 95 infants in the mIPVV2HD group and 76 (84%)
of 91 infants in the IPV group shed type 2 poliovirus at any timepoint (table 3). The
shedding index was 3:95 log1g CCIDsg in the mIPV2HD group and 4-07 logyg CCIDgg in
the IPV group; the distribution of shedding indices in the two groups is shown as reverse
cumulative distribution curves in the appendix. Virus titres and the proportion of infants
shedding virus in each group were highest 1 week after challenge and diminished thereafter;
there were no significant differences between study groups.

At 6 weeks of age, the proportions of infants with neutralising antibodies against poliovirus
type 1 were 62% and 73% in the mIPVV2HD and IPV groups, respectively, and the
proportions of infants with neutralising antibodies against poliovirus type 3 were 36% and
30%, respectively (table 4). At 14 weeks of age (ie, 4 weeks after the second dose of bOPV),
seroconversion to poliovirus type 1 was 92% in the mIPV2HD group and 87% in the IPV
group; seroconversion to poliovirus type 3 was 97% in the mIPVV2HD group and 97% in

the IPV group. At this timepoint, at least 99% of infants had protective antibody levels
against poliovirus types 1 and 3, and median antibody titres were 1448. A third dose of
bOPV together with mIPVV2HD (no type 1 or 3 polio antigen) or IPV led to all infants being
seroprotected with no further increase in antibody titres.

During the course of the study, eight (7%) of 117 infants in the mIPVV2HD group and 15
(13%) of 116 infants in the IPV group had serious adverse events; of these, six (5%) infants
and seven (6%) infants, respectively, had serious adverse events during the 8-week period
after vaccination with mIPVV2HD or IPV (table 5). None of the serious adverse events were
judged to be related to vaccination. No important medical events were reported during this
8-week period. No clinically relevant differences were apparent in the proportion, nature,
or severity of solicited injection site reactions and systemic events between the two vaccine
groups. The proportion of infants who had other, unsolicited events during the 28-day period
after mIP\VV2HD or IPV vaccination was also similar in the two groups. The causal relation
between the polio vaccines and the systemic reactogenicity cannot be determined with
certainty, because other Expanded Program on Immunization vaccines were given at the
same visit. Nearly all laboratory values that were out of the normal range before and after
vaccination were deemed as without clinical relevance; no change in laboratory parameter
was attributed to the study vaccines.

Discussion

This study is the first to report safety, reactogenicity, and immunogenicity of a novel
mIPV2HD formulation. It is also an important addition to the clinical evidence base on
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new polio vaccination schedules with bOPV and IPV that will soon be adopted worldwide
in accordance with the Endgame Strategic Plan.>22 Our study shows that one dose of
mIPV2HD induces a superior humoral immune response against poliovirus type 2 compared
with IPV when given at 14 weeks in the Expanded Program on Immunization schedule
along with the third dose of bOPV, as measured by differences in seroconversion and in
median antibody titres. Furthermore, the kinetics of the immune response to poliovirus type
2 after the two vaccines was different, with a significantly higher proportion of infants

with seroconversion in the mIPVV2HD group than the IPV group as early as 1 week after
vaccination.

The superior humoral immune response induced by one dose of mIPVV2HD did not

translate into improved intestinal immunity compared with standard IPV. After the challenge
dose of mMOPV2, the percentage of infants who shed virus, the quantity of virus shed,

and the duration of shedding did not significantly differ between the two groups. This
finding is consistent with earlier studies showing that IPV provides poor primary intestinal
immunogenicity.17:23.24

Our results also show that two doses of bOPV for poliovirus types 1 and 3 induced excellent
humoral immunogenicity in the population and environment studied. A third dose of bOPV
along with IPV in the control group added only marginally to the high response from

the first two doses. This finding will be important for the worldwide switch from tOPV

to bOPV, which is scheduled for April, 2016, and preceded by the introduction of at

least one dose of IPV. The promising data for priming for poliovirus type 2 from one

dose of inactivated vaccine (IPV or mIPVV2HD) in such schedules suggest potential for
rapid immune response to a type 2 exposure in the future. These data also suggest that,

for poliovirus types 1 and 3, bOPV produces very high proportions of seroconversion to
types 1 and 3 when given in an Expanded Program on Immunization series and thus the
lack of protection to these serotypes in the mIPVV2HD candidate is not of major concern,
particularly in settings similar to where this study was performed.

The safety profile of mIPV2HD was similar to that of IPV when given concomitantly in a
paediatric vaccination schedule and there were no differences in safety events between the
two groups. All serious adverse events and important medical events reported during the
study were events that are routinely seen in children younger than 1 year of age and all were
deemed unrelated to vaccination. There were no clinically relevant differences in injection
site events between the two vaccines.

This study had limitations. There was no “OPV only” or “no polio vaccine” control group.
Thus, although intestinal immunogenicity did not differ between groups, the effects of
mIPV2HD on viral shedding compared with no vaccine or OPV administration could not be
assessed. Also, the study was done in Panama where tOPV was still being used for routine
immunisation, although no national or regional OPV immunisation campaigns were ongoing
during the study period; thus, some background exposure of study participants to Sabin

type 2 polioviruses could not be ruled out. However, with the measures taken to minimise
this effect, and also the fact that any such effect would have affected both study groups,
there is no reason to believe that this factor had any substantial effect on the findings and
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interpretations. Lastly, we studied the effect of a single dose of mIPVV2HD; inclusion of
booster dose(s) in the study design would have allowed an assessment of potential additional
effects on intestinal mucosal immunity via activation of memory B cells. Future studies

will also need to investigate a potential effect of mIPV2HD on concomitantly administered
antigens.

In conclusion, one dose of mIPV2HD was well tolerated in infants and induced a superior
humoral immune response, both in terms of magnitude as well as kinetics of the response,
compared with a single dose of currently available IPV. On the basis of the promising
humoral immunogenicity and safety data from this study, mIPV2HD could be considered

an important addition to the options of the polio endgame plan. Also, unlike the live
attenuated mOPV2, mIPV2HD does not carry the rare but serious risk of generating new
vaccine-derived polioviruses or vaccine-associated paralytic poliomyelitis. Nevertheless, the
effect of mIPVV2HD on primary intestinal immunogenicity was similar to current IPV.
Among other factors, the effect of IPV on intestinal immunity depends on previous exposure
to OPV. Two studies from India have shown that one dose of IPV given to OPV-vaccinated
children significantly boosted intestinal mucosal immunity compared with no vaccine and
this boost was higher than that achieved with an additional dose of OPV.2526 Previous
studies and reviews have also shown that when IPV was given to children who did not have
previous OPV exposure, it had a marginal effect in reducing duration and median titre of
viral shed, but the overall impact on viral shedding was substantially lower than that induced
by OpP\V.1.18,23

Considering all of these factors, mIPVV2HD could have an important role in individual
protection and prevention of cases of paralysis by closing any humoral immunity gap

and would also be effective in boosting intestinal immunity for OPV-vaccinated children.
But with limited effects on inducing intestinal immunity in naive children, mIPVV2HD is
unlikely to be the only intervention for large-scale outbreak control of poliovirus type 2.
This new formulation could indeed be stockpiled for concomitant use in outbreak response
for control and prevention of poliovirus type 2 outbreaks following the transition from
tOPV to bOPV. In situations where the risk of generating new vaccine-derived polioviruses
with the use of mOPV2 is deemed high in an outbreak response scenario (eg, in areas

of very poor immunisation coverage), mIPVV2HD could also be an alternative to mOPV2
because it does not have any risk of generation of vaccine-associated paralytic poliomyelitis
or vaccine-derived poliovirus. This situation might also apply to areas surrounding the
epicentre of an outbreak. Enhanced environmental surveillance to rapidly detect any silent
virus circulation after such use of inactivated vaccines in these areas would add value to the
overall response strategy.

In view of the supply and cost constraints of IPV,>2” mIPV2HD could be an alternative

to IPV for primary protection against poliovirus type 2 during the period after OPV2
withdrawal and before all OPV cessation. However, such benefits have to be balanced with
issues such as absence of any type 1 and 3 protection compared with IPV, need for an
accelerated pathway for licensure for use in routine immunisation, and the challenges of
multiple short-term changes in immunisation programmes before moving to use of IPV
only by 2019. Although the safety and immunogenicity data of this candidate vaccine

Lancet Infect Dis. Author manuscript; available in PMC 2022 May 16.
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look promising, additional information such as immunogenicity in different age groups and
with multiple doses, concomitant use with mOPV2 for outbreak control, and eventually
alternative needle-free administration methods for easier use in outbreak response settings
would further support informed policy decisions for polio vaccination for the endgame and
beyond.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

In 2012, to phase out the use of live type 2 poliovirus vaccine, WHO’s Strategic
Advisory Group of Experts on Immunization (SAGE) recommended that trivalent oral
polio vaccine (tOPV) be replaced with bivalent oral polio vaccine (bOPV) containing
only poliovirus types 1 and 3 in all countries by 2016. This change is to be preceded

by the introduction of at least one dose of conventional trivalent inactivated poliovirus
vaccine (IPV) in routine immunisation programmes to provide immunity to poliovirus
type 2. However, a dose of inactivated poliovirus type 2 higher than the standard

dose (8 D-Ag units) may be needed to ensure adequate immunity. With the aim of
improving type 2 immunogenicity with a single dose, a new monovalent high-dose
inactivated poliovirus vaccine (mIPVV2HD), which contains four times the standard dose
of inactivated poliovirus type 2 (32 D-Ag units), was formulated. Higher D-Ag content of
IPV was investigated by Salk and co-workers in a series of dose-ranging studies several
decades ago. We searched PubMed for papers published between Jan 1, 1955, and Feb
28, 2013, with the terms “IPV”, “high-dose”, “poliovirus”, and/or “type 2” and identified
several published reports of clinical trials investigating high-dose IPV formulated from
inactivated Sabin strains of poliovirus. However, we are not aware of any other published
study in which a monovalent high-dose inactivated vaccine was compared with trivalent
IPV in a mixed bOPV-IPV schedule, and where mOPV2 was used to assess intestinal
immunity in such schedules.

Added value of this study

To our knowledge, this study is the first to report data for safety and humoral and
intestinal immunogenicity of mIPV2HD formulation in a naive infant population using
a mixed bOPV-IPV schedule. The humoral immune response to poliovirus type 2 with
mlIPV2HD was superior to that of IPV and the intestinal immunity to poliovirus type 2
was similar in both groups. These results provide evidence that mIPV2HD can be safely
used in infants and show that a combined bOPV-mIPV2HD schedule would adequately
protect against all three poliovirus types.

Implications of all the available evidence

With the upcoming worldwide switch from tOPV to bOPV, the only protection against
poliovirus type 2 will come from IPV. In view of the supply and cost constraints of IPV,
higher immunogenicity against poliovirus type 2 from a single dose of a monovalent
high-dose formulation could be of advantage in settings at risk of emergence of this
serotype. Our study showed an excellent safety and immunogenicity profile of mIPV2HD
compared with currently available IPV and therefore is an important addition to the
clinical evidence base for vaccine options for the polio endgame.
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240 infants aged 6 weeks assessed for enrolment

7 did not meet inclusion criteria

3 moved to another city

2 parents withdrew

1 lost to follow-up

1ineligible due to medical event

233 infants enrolled and randomly assigned

v

117 assigned to mIPY2HD group

v

117 received mIPV2HD*

6 weeks of age
(study day 0)

14 weeks of age
(study week 8)

2 discontinued
N 1 parents' withdrawal
of consent
1 lack of compliance

A

115 challenged with mOPV 2

18 weeks of age
(study week 12)

S discontinued

2 parents' withdrawal
— of consent
2 lost to follow-up
1unknown reason

A

110 came to last visit

21weeks of age
(study week 15)

—p  11lost to follow-up

r

99 followed up by telephone call

Figure. Trial profile

40 weeks of age
(study week 34)

v

116 assigned to IPV group

v

116 received IPV*

Page 14

1 discontinued
1 unknown reason

y

115 challenged with mOPY2+

>

2 discontinued
1 moved to another city
1 discontinued

A

113 came to last visit

—p 11 lost to follow-up

h 4

102 followed up by telephone call

Polio vaccines were administered at 6 weeks (bOPV), 10 weeks (bOPV), and 14 weeks of
age (bOPV and mIPV2HD or IPV). Infants received the mOPV2 challenge at 18 weeks of
age. mIPVV2HD=monovalent inactivated poliovirus vaccine, type 2, high dose. IPVV=trivalent
inactivated poliovirus vaccine. mOPV2=monovalent oral poliovirus vaccine, type 2. *All
randomised participants were included in the analyses of safety and reactogenicity. tThe

Lancet Infect Dis. Author manuscript; available in PMC 2022 May 16.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Séez-Llorens et al.

Page 15

primary immunogenicity analyses included all participants for whom a post-vaccination
blood sample was available.
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Participant characteristics
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Table 1:

mIPV2HD group (n=117) IPV group (n=116)

Age (weeks) 6-1 (0-84) 6-1(0:91)
Sex

Male 58 (50%) 63 (54%)

Female 59 (50%) 53 (46%)
Race

White 2 (2%) 1 (1%)

Black or African-American 5 (4%) 10 (9%)

Asian 0 0

Hispanic 107 (91%) 102 (88%)

Other 3(3%) 3(3%)
Breastfed

Yes 114 (97%) 112 (97%)

No 3(3%) 4 (3%)
Attending a day-care centre

Yes 1(1%) 0

No 116 (99%) 116 (100%)

Data are mean (SD) or n (%). mIPV2HD=monovalent inactivated poliovirus vaccine, type 2, high dose. IPV=trivalent inactivated poliovirus

vaccine.
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Quantitative viral shedding for poliovirus type 2 after mOPV2 challenge

Table 3:

mIPV2HD group  |IPV group p value
19 weeks (1 week after challenge)
n/N 88/108 83/106
% (95% CI) 81.5% (72:9-88:3)  78:3% (69-2-85-7)  0.6109~
Median (log) CCIDsg (IQR) 4.86 (2-84-6-20) 4.45(2.75-622)  0.4740F
20 weeks (2 weeks after challenge)
n/N 67/108 64/105
% (95% CI) 62:0% (52:2-71-2)  60-9% (50-9-70-3)  0.8888™
Median (log) CCIDsg (IQR) 2.83 (2:75-4-83) 3.06 (275-472) 08173
21 weeks (3 weeks after challenge)
n/N 46/101 46/100
% (95% CI) 45.5% (35.6-55.8)  46:0% (36-:0-56-3)  1.0000 ™
Median (log) CCIDsq (IQR) 2.75 (2:75-3-47) 275 (2.75-447) 05365~
Infants shedding virus at any timepoint
n/N 80/95 76/91
% (95% CI) 84-2% (75-3-90:9)  83-5% (74-3-90:5) 1-0000
Shedding indext 7
Median (log) CCIDsq (IQR) 3:95 (3:18-4-85) 4.07 (3-21-4-84)  0-6429

Page 18

The proportions of infants shedding virus were compared between groups using Fisher’s exact test Viral titres were compared between groups
using the Mann-Whitney-Wilcoxon test. mOPV2=monovalent oral poliovirus vaccine, type 2. mIP\VV2HD=monovalent inactivated poliovirus

vaccine, type 2, high dose. IPV=trivalent inactivated poliovirus vaccine. n=number of infants shedding virus. N=total number of infants at each
timepoint. CCID50=50% cell culture infective dose.

*
Exploratory analysis.

fComputed as the average of log1(-transformed values of viral titres measured in stool collected on 7, 14, and 21 days after mOPV2 challenge.
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Table 4:

Seroprotection, seroconversion, and median neutralising antibody titres for poliovirus type 1 and type 3, by
age

mlPV2HD group (n=115) |PV group (n=115)
n/N Outcome” n/N Outcome”
Typel
6 weeks
Seroprotection 71/114 62:3% (52:7-71-2) 84/115 73:0% (64-:0-80-9)
Reciprocal titre . 11-31 (5:66-36:00) . 1800 (7:11-90:51)
14 weeks

Seroprotection ~ 114/115 99.1% (95-3-100-0)  114/115 99-1% (95-3-100-0)
Seroconversion  106/115 92:1% (85-5-96-3) 100/115 87-0% (79-4-92:5)
Reciprocal titre . 1448 (1448-1448) . 1448 (1448-1448)

18 weeks
Seroprotection ~ 115/115 100:0% (96-8-100-0)  115/115 100:0% (96-8-100-0)
Seroconversion  110/115 95.-6% (90-1-98-6) 105/115 91-3% (84-6-95-8)

Reciprocal titre . 1448 (1448-1448) . 1448 (1448-1448)
Type3
6 weeks

Seroprotection 41/114 36:0% (27-2—-45-5) 35/115 30-4% (22-2-39-7)

Reciprocal titre . 5.66 (5:66-14-22) . 5.66 (5:66-11-31)
14 weeks

Seroprotection ~ 115/115 100:0% (96-8-100-0)  114/115 99-1% (95:3-100:0)

Seroconversion  111/115 96-5% (91-3-99-0) 112/115 97-4% (92-6-99-5)

Reciprocal titre . 1448 (1152-06-1448) . 1448 (910-17-1448)
18 weeks

Seroprotection  115/115 100:0% (96-8-100-0)  115/115 100:0% (96-8-100-0)

Seroconversion  113/115 98:2% (93:8-99-8) 113/115 98-3% (93:9-99-8)

Reciprocal titre .. 1448 (1448-1448) . 1448 (1448-1448)

Data for seroprotection and seroconversion are % (95% CI); data for reciprocal titre are median (IQR). Seroprotection defined as neutralising titre
of at least 8. Seroconversion assessed with respect to status at 6 weeks of age. For infants who were seronegative (titre <8), seroconversion was
defined as achieving an antibody titre of at least 8; for infants who were seropositive (titre =8), seroconversion was defined as a titre four times
higher than the expected fall in maternal antibody concentrations based on the prevaccination titre. mIPV2HD=monovalent inactivated poliovirus
vaccine, type 2, high dose. IPV=trivalent inactivated poliovirus vaccine.

*
n=114 at 6 weeks
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