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Clinical Infectious Diseases

BRIEF REPORT

The Immunogenicity of Fractional
Intradermal Doses of the Inactivated
Poliovirus Vaccine Is Associated With
the Size of the Intradermal Fluid Bleb

Jack Bibby,'® Yauba Saidu,"* Ama Umesi,' Ngozi Moneke-Anyanwoke,’

Adedapo 0. Bashorun,' Mariama Badjie Hydara,' Ikechukwu Adigweme,'

Jane U. Adetifa,' Michael Okoye,' Elishia Roberts,' Ralf Clemens,’

Ananda S. Bandyopadhyay,® Abdul K. Muhammad,' Sarah Mulwa,' Michael Royals,’
Courtney Jarrahian,’ David Jeffries,' Beate Kampmann,'® and Ed Clarke'

"Waccines and Immunity Theme, MRC Unit The Gambia, Fajara; “Research in Infectious
Diseases, Rio de Janeiro, Brazil; °Bill & Melinda Gates Foundation, Seattle, Washington;
*Thrivant Health, Portland, Maine; *PATH, Seattle, Washington; and ®Imperial College London,
United Kingdom

The immunogenicity of fractional (one-fifth, 0.1 mL) intra-
dermal doses of the inactivated poliovirus vaccine (ID fIPV)
is positively correlated with the size of the intradermal fluid
bleb. Training of vaccinators for campaign and routine ID fIPV
administration should focus on generating an 8- to 10-mm bleb
with each injection.

Clinical Trials Registration. NCT01847872
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The global effort to eradicate polio is now in its final endgame.
Wild-type poliovirus type 2 was declared eradicated in September
2015, and in April 2016 a synchronous switch from the use of the
trivalent oral poliovirus vaccine (OPV) containing the type 1, 2,
and 3 virus, to the bivalent format containing only the type 1 and
3virus, occurred globally [1]. The switch was to have been accom-
panied by the introduction of a routine dose of the (trivalent)
inactivated poliovirus vaccine (IPV) in all countries using OPV
only to mitigate against the risk of future type 2 disease in the
event of a vaccine-derived poliovirus type 2 (VDPV2) outbreak;
also, to enhance immunity against poliovirus types 1 and 3 [1].
However, requirements for IPV have outstripped manufacturing
capacity and resulted in a vaccine shortage that has both delayed
vaccine introduction and limited the vaccine stockpiles available
for outbreak response. Consequently, in June 2016, following the
detection of a VDPV?2 during routine environmental surveillance
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in Telangana state in India, a campaign using fractional (one-fifth,
0.1 mL) doses of IPV (fIPV) delivered by the intradermal (ID)
route was undertaken and included a total of 311 064 children
[2]. Certain Indian states and Sri Lanka have also introduced ID
fIPV into their routine immunization schedules and, in response
to the shortage, the World Health Organization (WHO) has now
strongly recommended that ID fIPV be used universally, both in
campaigns and routinely, advice which is expected to last until at
least mid-2018 [3-5].

Whereas previous studies have confirmed the immunogenic-
ity of ID fIPV, the per-dose seroconversion rates and geometric
mean neutralizing antibody titers are consistently lower than
those generated by a full (0.5 mL) intramuscular (IM) dose of
the same vaccine (Supplementary Table 1). This nested study
provides definitive data on the effect of ID fluid bleb size on the
immunogenicity of ID fIPV and should be used as a basis for
current training and vaccination practice.

METHODS

Study Design

The study was nested in a clinical trial undertaken to exam-
ine the immunogenicity of ID fIPV and the use of disposable
syringe jet injectors (DS]Is) to deliver IPV in 9- and 10-month-
old infants in The Gambia (NCT01847872) [6]. All infants had
received at least 3 previous doses of the trivalent oral poliovi-
rus vaccine (tOPV) at least 28 days prior to enrollment (see
Supplementary Table 2 for full eligibility criteria). The study
was approved by The Gambia Government/MRC Joint Ethics
Committee and was conducted according to the International
Conference on Harmonization Good Clinical Practice and local
ethical and regulatory guidelines. Full details of the enrollment
procedures have previously been reported [6]. In brief, follow-
ing informed consent, infants were block-randomized into 1 of
8 groups, of which 4 provided data for this study. Two groups
received ID fIPV, the first using a needle and syringe (N&S)
and the second using a DSJI (Tropis, PharmaJet). Two groups
received a full IM dose of IPV using either a N&S or a DSJI
(Stratis, PharmaJet). Immediately following each injection, any
fluid lost onto the skin was absorbed with a Whatman filter
paper disc and the ID bleb size was measured with a clear plastic
ruler. The area of wetness on the filter paper was outlined and
later compared in an observer-blinded fashion to a standard
scale, allowing the volume of fluid loss to be quantified.

Serological Endpoint Measurement

A prevaccination serum sample was taken prior to IPV admin-
istration, and a postvaccination sample was taken 4-6 weeks
later. There were no systematic differences in the timing of the
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postvaccination sample between groups. Poliovirus serotypes
1, 2, and 3 neutralizing antibody titers were assessed in a lab-
oratory observer-blinded fashion, as previously reported [7].
Serial 2-fold dilutions from a starting dilution of 1 in 8 were
undertaken until an endpoint titer was obtained. Seropositivity
was defined as reciprocal neutralizing antibody titers of >8. The
rate of seroconversion (seronegative prevaccination to seropos-
itive postvaccination) and the number of infants who were sero-
positive at baseline and who had a 4-fold rise in antibody titers
were calculated. These 2 groups were combined to provide a
measure of the total response to the vaccine.

Statistical Analysis

Summary statistics were generated and the relationship between
ID bleb size and cutaneous fluid loss and immunogenicity was
assessed using Spearman correlation coefficient. The 95%
confidence intervals (CIs) of the correlation coefficient were
derived using the Fisher r-to-z transformation [8]. All analyses
were done using Stata software (release 12.1).

RESULTS

Study Population, Baseline Seroprevalence, and Seroresponse

Seven hundred 9- and 10-month-old infants were recruited
and randomized into 1 of the 4 groups and provided data for
analysis in this study. The infants had received between 4 and
7 (mean, 4.9) doses of tOPV prior to the current study—the
last dose being at least 4 weeks prior to enrollment. Of the 700
infants, 177 each received ID fIPV using a N&S and a DSJI. One
hundred seventy-eight received a full IM dose of IPV using a
N&S and 168 infants received a full IM dose using a DSJL.

The baseline poliovirus neutralizing antibody titer seroposi-
tivity rate was 85.9%-89.9% for poliovirus type 1, 96.1%-98.9%
for poliovirus type 2, and 74.0%-82.7% for poliovirus type
3. Overall, 66.9% and 66.1% of infants had a poliovirus type
1 immune response following IPV administration by the IM
N&S and IM DSJI, respectively, compared to 55.9% and 43.5%
for the same ID fIPV administration methods. The equivalent
figures for poliovirus type 2 were 72.5% and 59.5% for the IM
routes compared with 58.2% and 41.8% by the ID routes, and
for poliovirus type 3, 82.6% and 81.0% by the IM routes com-
pared with 80.2% and 69.5% by the ID routes (Supplementary
Table 3).

Effects of Bleb Size and Vaccine Loss on Intradermal Doses of the
Inactivated Poliovirus Vaccine Inmunogenicity

The median bleb size generated by the ID N&S was 8 mm with
an interquartile range (IQR) of 7-8 mm, which was significantly
larger (P < .0001) than the median size of 6 mm and interquar-
tile range of 5-7 mm generated by the ID DSJI (Table 1). There
was a significant positive correlation between bleb size and
the total immune response for all 3 poliovirus serotypes when
combining data from the ID N&S and ID DS]JI. The correlation

remained for all 3 serotypes when examining administration
by the ID DSJI and for serotype 1 when examining N&S-based
administration (Table 1). A positive correlation was also noted
when the relationship between bleb size and postvaccina-
tion antibody titers was examined (Supplementary Table 4).
Furthermore, the immune responses to ID fIPV in infants with
an 8- to 10-mm fluid bleb were comparable to those generated
by a full IM dose of the same vaccine. Thus, 65.8% (95% CI,
57.1%-74.5%; 75/114) of infants with a bleb size of 8-10 mm
seroconverted or had a 4-fold rise in antibody titers to serotype
1 compared with 66.5% (95% CI, 61.5%-71.4%; 230/346) of
those who received a full IM dose of the vaccine. The equiva-
lent figures for serotype 2 were 58.8% (95% CI, 49.7%-67.8%;
67/114) by the ID route compared with 66.2% (95% CI, 61.2%-
71.2%; 229/346) by the IM route and for serotype 3, 86.0% (95%
CI, 79.6%-92.3%; 98/114) by the ID route compared with 81.8%
(95% CI, 77.7%-85.9%; 283/346) by the IM route (Table 1 and
Supplementary Table 3).

Of the 100-uL fractional dose volume, the median fluid loss
with the N&S was between 2.5 uL and 5.0 pL, although >40.0 uL
was lost in 6.3% of injections. The median fluid loss with the
DSJI was between 5.0 pL and 10.0 pL, and 12.6% of injections
resulted in >40 pL fluid loss. There was a significant inverse
correlation between the volume of vaccine lost onto the skin
at the time of injection and the size of the ID bleb generated
(P = .001). This was maintained when data for N&S-based
(P = .03), but not DSJI-based, ID fIPV administration were
examined separately. The correlation coeflicients were low in all

cases, suggesting that, particularly in the case of the DSJI, vac-
cine injected deep to the dermis was also in part responsible for
the smaller bleb sizes and hence immune responses reported in
some cases (Supplementary Table 5).

There was a significant reduction in serotype 2 immuno-
genicity associated with increasing volumes of fluid lost onto
the skin when the data for all ID vaccinations were analyzed
(Supplementary Table 6). The volume of fluid loss had no effect
on the immunogenicity IM IPV (data not shown).

DISCUSSION

This study demonstrates, to our knowledge for the first time, a
significant positive correlation between the size of the ID fluid
bleb generated at the time of ID fIPV administration and the
subsequent immune response. The consistently lower immuno-
genicity of ID fIPV compared with a full IM dose of the same
vaccine reported in previous studies (Supplementary Table 1)
was largely overcome when a bleb size of 8-10 mm was gen-
erated. The findings are consistent with the one study that has
examined the phenomenon previously, which reported a trend
in the same direction but was inconclusive [9]. It should be
noted that the trial was undertaken in tOPV-primed 9- and
10-month-old infants and this should be considered in applying

852 « CID 2017:65 (1 September) « BRIEF REPORT



"|oA8]| 99UBDIHIUBIS PB1BIDOSSE PUE (S|EAISIUI BOUBPIHUOD %GE) (/) 1UBIOIB0D UONE[S1I00 YUkl uewieads,

"aBulIAS pue a|pasu ‘SN ‘|ewlspeliul ‘q| 10108(ul 18l 8BulIAs 8|qesodsip ‘|FSQ {[BAISIUI 8OUSPIUOD ‘|0 [SUOIRIASIGAY

(62-L0) (8€-907) (8¢ 01 ¥0'-) (0£-907) (er=LL) (GL 01 9L-) (ce-60') (ce=10) (re-20’)
81'0=4"100"=d ZZ0=/'900"=d CL'0=/'9¢L"=d 8L'0=7'200"=d £Z0=/'l00">d LOO-=4 V6" =d LZ0=4'100">d 9L'0=42v0" =4 8L'0=7"v20" =d ePUSI] 10} 1S9
(£16-G99) (£°66-G°G4) (818-2°92) (818-2'92) (£°66-G°G) (£16-G'99)
%006 0L/6 Tl0/0 %006 -0L/6 %009 ‘0L/9 ©0/0 %0709 -0L/9 %006 -0L/6 ©Tl0/0 %006 :0L/6 (%00 ¥SL/0  (%E9) 8GL/0L Ol
(cL6-17'99) (00L-G"2) (L26-1'99) (€°08-9'8€) (00L-G"2) (€'6/4-17'9€) (8'68-9'19) (0'00L-G2) (€'68-8'6Y)
%018 ‘€¢/0¢C %0°00L :L/L %1798 ‘C¢C/6l %609 ‘€¢/7L %0°00L -L/L %169 ‘CC/EL %6°EL ‘EC/LL %0°00L :L/L %LTLTCOL  (%L0) YL/l (%6°EL)8SL/CC 6
(1'26-9°GL) (6'66-CLL) (€06-169) (6°89-G°9) (1°98-1°G) (€29-8°07) (C'LL-0'6Y) (8728-L°01) (6'LL=L°GY)
%C'S8 118/69 %G'56 ‘¢T/LT %v'L8 ‘65/8Y %0°8G ‘L8/LY %C'89 ‘TT/Sl %C 7S '65/CE %G'09 18/6Y %9°€9 ‘YL %€6G '65/9€ (%E VL) ¥GL/CT (%ELE) 8SL/6G 8
(9'8£-£"99) (6'18-6'L9) (L°€8-£09) (§'99-L"2) (€'69-¥LE) (C1£-9°9¢) (£719-€°8€) (929-£°0€) (C'1L-9°9€)
%89 ‘9L/2S %E89 ‘L/8¢C %989 ‘ST %6°€S ‘9L/LY %L €S ‘Lv/CT %E VS ‘SE/6L %009 9L/8E %E I LY/6L %EVS ‘GEBL (%992 ¥GL/LY (%CCe) 85L/SE L
(618-5°09) (€'68-9°09) (8'66-9'L9) (S'67-9°61) (€Zr-6'6) (8'¥8-LL2) (0'65-LL2) (1'96-6'61) (8'¥8-LL2)
%C 9L ‘Th/TE %0°0L ‘0g/1T %L16 ‘TL/LL %EEE ‘TY/YL %EET ‘0E/L %€E'8G ‘TL/L %6'CY ‘Tr/8L %L 9€ ‘0€/LL %€E'8G ‘TL/L (%SG'6L) ¥GL/IOE  (%91)8GL/cL 9
((O)feVam 257 (7'eL~1"EE) (Sv6-8¢h) (£'19-9'82) (7'69-2°02) (818-LL2) (6°St—"Gl) (8L7=9'LL) (1°99-6'6)
%G'09 ‘8€/€T %8'€G ‘9/vL %0'GL ‘TLI6 %L Yy 8E/LL %G'8€ ‘9¢/0L %€'8G ‘CTL/L %6°'8¢ ‘8€/LL %6°9¢ '9¢/L %EEE TLY (%6'9L) ¥GL/OT  (%91) 8GL/cL &
(€°06-9°9t) (cz6-6'1) (c66-1'6) (0'65-€€l) (1'99-87) (c66-1'6) (EY9-€LL) (9'19-8'LL) (c66-1'6)
%cCCL 8L/EL %EELGL/LL %L99 ‘€/C %EEE ‘8L/9 %L°9C ‘SLiY %L99 ‘€/C %6°8€ ‘8L/L %EEE ‘GL/G %L99 €/ (%L6) ¥SL/GL (%671) 8al/e  ¥>
(7'7.-8'C€) (L'LL~v¥2) (S'66-17'82) (7'69-8'81) (9'96-9°¢l) (Lv6-L7L) (7'€9-122) (§'99-€°02) (€'68-€°9)
% vS vT/El %YLy ‘6L/6 %008 'S/t %GLE V6 %9'LE ‘61/9 %009 ‘S/€ %L1y ‘vT/0L %LTv '6L/8 %0°0Y ‘S/C (%ETL) ¥al/6L (%T€)8GL/S 0 wWw 'ezisgs|g
(8'8/-8'89) (7'S/-2°09) (£°98-9°CL) (1°SS-L°€P) (7'09-€¥€) (Cv9-z8y) (9°95-€°GY) (7°05-€v€) (¢19-v'19)
%0VL CTLE/LET  %C'89 ¥SL/SOL  %L'6L:8SL/9CL  %¥'6V TLE/VGL %'y ‘¥§1/39 %€E99'8GL/68 %O'LG TLEBSL % TV ‘¥SL/S9  %G6G ‘85L/v6 Gl 86l painsesw ga|g
(€'6£-0°0£) (¢9L-129) (8'98-9°€/) (€'95-L"1v) (7'67-G'1€) (§'99-9°09) (el 447 (L'1G-1"9€) (7'e9-€°8Y)
%6'VL ‘VGE/G9T  %G'69 ‘LLLIECL  %T 08 'LLL/TYL  %0°0G ‘VSE/LLL %8y ‘LLUVL  %T8GLLLIEOL %L'6Y ‘VSE/OLL  %SEV LLLILL %6°GS ‘LLL/66 LLL LLL B1EP IV
paulquod Irsaai SN dl paulquod Irsaai SN dl pauiquog Irsaai SBN dl Irsaai SN dI
(1D %S6) % "ON/ou (1D %S6) % "ON/ou (1D %S6) % "ON/ou (%) "ON/ou
(eS1y Jell] pP|o4-f + UOISIaAU0D0I8S) 8suodsey [e10] (es1y Jell| p|o4-f + UOISIaAU0D0IeS) esuodsay [e10] (es1y Jell| p|o4-f + UOISIaAU0D0J8S) esuodsay [e10] $87IS go|g | J0 uonnquisig
¢ adAl018S ¢ odAjoieg | edAjoleg
aula9e) 01j0d PajeAndeu| jo saso( |ewapesju jeuonoel o) sasuodsay aunwiwi| [B}0] pue SU3WIINSEI|\ §a|g pinj4 [ewsapenu] ‘| ajqel

65 (1 September) « 853

BRIEF REPORT « CID 2017



the findings, although there is little reason to think that the
trend reported would be restricted to this population.

The finding has important implications. First, it suggests that
when training the large number of vaccinators required, based on
recent WHO recommendations, to deliver ID fIPV in campaigns
and routinely [5], the focus should be placed on maximizing the
bleb size generated. Even a modest increase in the response rate in
the population will reduce the compromise inherent in ID fIPV
use. Second, the finding should guide the development of the next
generation of needle-free and other devices designed to facilitate
ID injections. Given the correlation, device optimization based
in bleb measurement has the potential to reduce empirical mod-
ification and human testing. Finally, the finding may also have
broader implications for the future delivery of other vaccines by
the ID or cutaneous route, which warrant further assessment.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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