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ABSTRACT

Background

Poliomyelitis mainly affects unvaccinated children under five years of age, causing irreversible paralysis or even death. The oral polio
vaccine (OPV) contains live attenuated virus, which can, in rare cases, cause a paralysis known as vaccine-associated paralytic polio (VAPP),
and also vaccine-derived polioviruses (VDPVs) due to acquired neurovirulence after prolonged duration of replication. The incidence of
poliomyelitis caused by wild polio virus (WPV) has declined dramatically since the introduction of OPV and later the inactivated polio
vaccine (IPV), however, the cases of paralysis linked to the OPV are currently more frequent than those related to the WPV. Therefore,
in 2016, the World Health Organization (WHO) recommended at least one IPV dose preceding routine immunisation with OPV to reduce
VAPPs and VDPVs until polio could be eradicated.

Objectives

To assess the effectiveness, safety, and immunogenicity of sequential IPV-OPVimmunisation schemes compared to either OPV or IPV alone.

Search methods

In May 2019 we searched CENTRAL, MEDLINE, Embase, 14 other databases, three trials registers and reports of adverse effects on four web
sites. We also searched the references of identified studies, relevant reviews and contacted authors to identify additional references.

Selection criteria

Randomised controlled trials (RCTs), quasi-RCTs, controlled before-after studies, nationwide uncontrolled before-after studies (UBAs),
interrupted time series (ITS) and controlled ITS comparing sequential IPV-OPV schedules (one or more IPV doses followed by one or more
OPV doses) with IPV alone, OPV alone or non-sequential IPV-OPV combinations.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.

Main results

We included 21 studies: 16 RCTs involving 6407 healthy infants (age range 96 to 975 days, mean 382 days), one ITS with 28,330 infants and
four nationwide studies (two ITS, two UBA). Ten RCTs were conducted in high-income countries; five in the USA, two in the UK, and one
eachin Chile, Israel,and Oman. The remaining six RCTs were conducted in middle-income countries; China, Bangladesh, Guatemala, India,
and Thailand. We rated all included RCTs at low or unclear risk of bias for randomisation domains, most at high or unclear risk of attrition

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 1
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bias, and half at high or unclear risk for conflict of interests. Almost all RCTs were at low risk for the remaining domains. ITSs and UBAs
were mainly considered at low risk of bias for most domains.

IPV-OPV versus OPV

It is uncertain if an IPV followed by OPV schedule is better than OPV alone at reducing the number of WPV cases (very low-certainty ev-
idence); however, it may reduce VAPP cases by 54% to 100% (three nationwide studies; low-certainty evidence). There is little or no dif-
ference in vaccination coverage between IPV-OPV and OPV-only schedules (risk ratio (RR) 1.01, 95% confidence interval (Cl) 0.96 to 1.06;
1 ITS study; low-certainty evidence). Similarly, there is little or no difference between the two schedule types for the number of serious
adverse events (SAEs) (RR 0.88, 95% Cl 0.46 to 1.70; 4 studies, 1948 participants; low-certainty evidence); or the number of people with
protective humoral response P1 (moderate-certainty evidence), P2 (for the most studied schedule; two IPV doses followed by OPV; low-
certainty evidence), and P3 (low-certainty evidence).

Two IPV doses followed by bivalent OPV (IIbO) may reduce P2 neutralising antibodies compared to trivalent OPV (moderate-certainty ev-
idence), but may make little or no difference to P1 or P2 neutralising antibodies following an 110 schedule or OPV alone (low-certainty
evidence). Both 110 and I11bO schedules may increase P3 neutralising antibodies compared to OPV (moderate-certainty evidence). It may
also lead to lower mucosal immunity given increased faecal excretion of P1 (low-certainty evidence), P2 and P3 (moderate-certainty evi-
dence) after OPV challenge.

IPV-OPV versus IPV

It is uncertain if IPV-OPV is more effective than IPV alone at reducing the number of WPV cases (very low-certainty evidence). There were
no data regarding VAPP cases. There is no clear evidence of a difference between IPV-OPV and OPV schedules for the number of people
with protective humoral response (low- and moderate-certainty evidence). IPV-OPV schedules may increase mean titres of P1 neutralising
antibodies compared to OPV alone (low- and moderate-certainty evidence), but the effect on P2 and P3 titres is not clear (very low- and
moderate-certainty evidence).

IPV-OPV probably reduces the number of people with P3 poliovirus faecal excretion after OPV challenge with 110 and 1100 sequences (mod-
erate-certainty evidence), and may reduce the number with P2 (low-certainty evidence), but not with P1 (very low-certainty evidence).
There may be little or no difference between the schedules in number of SAEs (RR 0.92, 95% Cl 0.60 to 1.43; 2 studies, 1063 participants,
low-certainty evidence).

The number of persons with P2 protective humoral immunity and P2 neutralising antibodies are probably lower with most sequential
schemes without P2 components (i.e. bOPV) than with trivalent OPV or IVP alone (moderate-certainty evidence).

IPV (3)-OPV versus IPV (2)-OPV

One study (137 participants) showed no clear evidence of a difference between three IPV doses followed by OPV and two IPV doses followed
by OPV, on the number of people with P1 (RR0.98, 95% CI 0.93 to 1.03), P2 (RR 1.00, 95% CI 0.97 to 1.03), or P3 (RR 1.01, 95% CI 0.97 to 1.05)
protective humoral and intestinal immunity; all moderate-certainty evidence. This study did not report on any other outcomes.

Authors' conclusions

IPV-OPV compared to OPV may reduce VAPPs without affecting vaccination coverage, safety or humoral response, except P2 with sequen-
tial schemes without P2 components, but increase poliovirus faecal excretion after OPV challenge for some polio serotypes. Compared to
IPV-only schedules, IPV-OPV may have little or no difference on SAEs, probably has little or no effect on persons with protective humoral
response, may increase neutralising antibodies, and probably reduces faecal excretion after OPV challenge of certain polio serotypes.

Using three IPV doses as part of a IPV-OPV schedule does not appear to be better than two IPV doses for protective humoral response.

Sequential schedules during the transition from OPV to IPV-only immunisation schedules seems a reasonable option aligned with current
WHO recommendations. Findings could help decision-makers to optimise polio vaccination policies, reducing inequities between coun-
tries.

PLAIN LANGUAGE SUMMARY

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis
Background to the question

Poliomyelitis (most commonly called Polio) mainly affects children under the age of five who have not been vaccinated against it. Polio
causes permanent paralysis and even death. Polio can be prevented by vaccines, which provide defence against the disease (antibodies)
in body fluids (also called humoral immunity) and also gut mucosal immunity. Polio-related paralysis is caused by wild polio virus (WPV)
and also in rare cases by the weakened live vaccine virus in the oral polio vaccine (OPV). The number of wild polio cases has gone down
dramatically since the introduction and widespread use of the OPV and inactivated polio vaccine (IPV). However, the cases of paralysis

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 2
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linked to the OPV are currently more frequent than those related to the WPV. Since 2016 the World Health Organization has started to
recommend that before a child is given the OPVimmunisation they must have had at least one dose of the IPV mainly to limit the incidence
of cases of paralysis linked to the OPV until polio is wiped out worldwide.

Review question
Are polio vaccine schedules that include both IPV and OPV as effective and safe as either OPV or IPV alone?
Study characteristics

We searched databases of scientific studies and found 21 studies to include in this review. Studies included 16 randomised trials with 6407
infants, one additional study followed 28330 infants over time and another four were nationwide studies.

Certainty of the evidence

We assessed the included evidence for how certain we are that the effects are true and would not be altered with the addition of more
evidence. In general, the certainty of the evidence was judged to be low to moderate but it was very low for some outcomes.

Key results

IPV-OPV compared to OPV may reduce the cases of paralysis linked to OPV by 54% to 100% without affecting vaccination coverage, the
number of serious adverse events, and humoral immunity. However, it may worsen mucosal immunity for some types of polio.

IPV-OPV compared to IPV may make little or no difference on serious adverse events, probably makes little or no difference in the number
of persons with protective humoral immunity, may increase neutralising antibodies and probably improves intestinal mucosal immunity
of vaccinated people.

Three doses of IPV followed by OPV appears to be no different than two IPV doses followed by OPV on the number of people with protective
humoral and gut immunity.

Authors' conclusions

The main potential benefit of IPV-OPV, compared to OPV, is that may reduce cases of paralysis linked to OPV. It could be a more affordable
option to IPV during the final stages of polio eradication, hence reducing inequities between countries.

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. IPV-OPV compared to OPV for preventing poliomyelitis

IPV-OPV compared to OPV for preventing poliomyelitis

Patient or population: infants

Setting: USA, UK, China, Thailand, Israel, Oman, Guatemala, Bangladesh

Intervention: IPV-OPV
Comparison: OPV

Outcomes Anticipated absolute effects™ (95% Relative ef- Ne of partici-  Certaintyof =~ Comments
cl) fect pants the evidence
(95% Cl) (studies) (GRADE)
Risk with Risk with IPV-OPV
OPV
Paralytic wild polio cases -0.2(-1.3t00.9) -21% (11TS) BOOO Re-analysis considering the year of sched-
Very lowd ule change as transition period
(Change in slope at 3 years) (-137% to
95%)
Vaccine-associated paralytic 6.6 cases per 3.0 cases per year -54.3% (1 USA na- DDOO OPV (1990-6): 46 cases (0.34 cases per
polio (VAPP) cases year tionwide UBA  Lowb million of OPV doses)
study)
(Range of follow-up from 2 to IPV-OPV (1997-9): 13 cases, none with
15 years) IPV-OPV or all-IPV schedules
7.64 cases per  1.56 cases per mil- -80% (1 Russian OPV (1998-2007): 1 VAPP case per 1.59
million new- lion newborns Federation million OPV doses
borns nationwide
UBA study) IPV-OPV (2008-14): 1 case per 4.18 million
doses
90 cases 0 case -100% (1 Hungary OPV (1959-92): 90 cases
nationwide
UBA study) IPV-OPV (1992-2006): 0 cases
Persons with protective hu- P1: 973 per 973 per 1000 RR 1.00 3189 DDODO No important differences with other vacci-
moral response 1000 (963 to 982) (0.99t0 1.01) Moderated nation schemes
(12 RCTs)
(Range of follow-up from 4.4 to
18 months) P2: 989 per 989 per 1000 RR 1.00 2361 ©®00 11bO: 0 (-70 to + 70) persons
1000 #sub- (979 to 999) (0.99t0 1.01) (11 RCTs)
Lowa,d
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group with 2 IbObO vs tOPV: -210 (-38 to —344) per-
IPV doses sons
IbObO vs bOPV: + 672 (+ 428 to + 1018)
persons
P3: 962 per 953 per 1000 RR0.99 3184 IbObO: -300 (-180 to -400) persons
1000 (93310 972) (0.97t01.00) (12 RCTs)
100 /1000: -19 (-39 to 0) persons
110/1100/1110: -10 (-39 to 10) persons
101: -9 (-47 to + 28) persons
Neutralising antibodies with2  P1 (lI0) 244 lower - 795 DDOO IbObO: + 362 (=330 to + 1054)
IPV doses (-827 to + 339)SE (3RCTs) Lowasc
100: -181 (-594 to 232)
Geometric mean titres (GMT)
11100 / IO + 439 (-355 to + 1233)
(Range of follow-up from 5 to
16 months) P2 (110) 267 higher (-84to+ - 667 ®000 1bObO: -260 (-347 to -174)
619)SE
P2 (I1bO) - (3 RCTs) Lowas¢ 100: +29 (22 to + 79)
218 lower (-305 to
-130)LE 125 oo®o Moder-  11100/1110: + 486 (-698 to + 1670)
ated
(1LRCT)
P3 (110) 90 higher (+9 to + - 667 o) IbObO: + 221 (+ 10 to + 432)
171)SE Moderated
P3 (I1bO) - (3RCTs) 100: + 44 (-1.47 to + 90)
592 higher (+ 185 to
+998)SE 125 1100/1110: + 248 (-181 to + 677)
(1RCT)
Persons with polio faecal ex- P1: 86 per 193 per 1000 RR2.24 916 DDOO -
cretion after OPV challenge 1000 (60to 613) (0.70t0 7.12) (2 studies) Low¢,d
ﬁ%mm m“ follow-upfrom4.4t0 55, 579 per 497 per 1000 RR1.78 916 000
months) 1000 (416 to 598) (1.49t02.14)  (2RCTs) Moderatec
P3: 74 per 173 per 1000 RR 2.35 916
1000 (108 to 276) (1.47 t0 3.76) (2 RCTs)
Vaccination coverage 91.9% 92.4% RR1.01 (11TS) DO -
Low
(Follow-up 24 months) (0.96 to 1.06)
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Serious adverse events (classi- 48 per 1000 42 per 1000 RR0.88 1948 BDOO -
fied by MedDRA) (26 to 75) (0.46 to 1.70) (4 RCTs) Lowa,¢

(Range of follow-up from 5 to
16 months)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
# 2 IPV doses (110) was selected as the main subgroup for this outcome since it is the most studied scheme

Cl: Confidence interval; RR: Risk ratio; P1, P2, P3: Poliovirus Serotypes 1, 2, 3 respectively; SE: Small effect; ME; Moderate effect.LE: Large effect

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

1=1PV, 0 = 0PV, bO = bOPV (see detailed acronyms in Appendix 1).

dSerious study limitations: most studies have unclear risk of bias regarding random sequence generation and allocation concealment.

bThese are data from quasi-experimental studies and therefore evidence was graded as low, we have not downgraded or upgraded the evidence.
CSerious imprecision: confidence interval limits include clinically important increase or reduction of the effect.

dSerious inconsistency: considerable heterogeneity but in the same direction.

Summary of findings 2. IPV-OPV compared to IPV for preventing poliomyelitis

IPV-OPV compared to IPV for preventing poliomyelitis

Patient or population: infants

Setting: USA, UK, China, Guatemala, Chile, Bangladesh
Intervention: IPV-OPV

Comparison: IPV

Outcomes Anticipated absolute effects* (95% Cl) Relative ef- Ne of partici-  Certaintyof =~ Comments
fect pants the evidence
Risk with IPV  Risk with IPV-OPV (95% CI) (studies) (GRADE)
Paralytic wild polio cas- -1.2(-6.2t0 3.8) -100% (11TS) OO Re-analysis considering the year of sched-
es at 4 years (Change level Very lowd ule change as transition period
from IPV-OPV to IPV) (-517%to
317%)
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Vaccine-associated para- - - - (0 studies) - No data available
lytic polio cases
Persons with protective P1: 970 per 972 per 1000 RR 1.00 2858 BODO 100: -0 (-20 to + 20) persons
humoral response 1000 (961 to 980) (0.99t0 1.01) (10 RCTs) Moderateb
110(0): 0 (-10 to + 10) persons
(Range of follow-up from 4.4
to 18 months) IbOI: + 46 (0 to + 91) persons
P2: 960 per 931 per 1000 RR 0.97 2907 ®DOO IbObO: -236 (-89 to —354) persons
1000 (985 to 1000) (0.95 to 1.00) (10 RCTs)
Lowbs¢ 100: 0 (-39 to + 39) persons
IbOI: -43 (-103 to + 17) persons
P3:972 per 962 per 1000 RR 0.99 2620 BODO 100: -10 (-30 to + 20) persons
1000 (953 to 982) (0.97to0 1.01) (9 RCTs) Moderateb

110(0): -10 (—40 to + 20) persons

IbOI: +9 (=37 to + 47) persons

Comment: A nationwide ITS (Denmark) reported a median proportion of persons with protective humoral response for PV1,2 and 3 as
82.06%, 91.94% and 76.67%, respectively, during IPV scheme; the proportions were higher during IPV-OPV scheme: 98.44%; 97.67%; and
97.57%, respectively.

Neutralising antibodies
with 2 IPV doses

Geometric mean titres

(Follow-up 5 months)

P1(110) 768 higher (+ 338 to + - 363 2000 IbObO: + 1521 (+ 1085 to + 1956)
1198)ME
P1 (11bO) - (2 RCTs) Lowb;c 100: + 799 (+ 531 to + 1068)
867 higher (+ 479 to +
1254)ME 127 SO0
(1RCT) Moderated
P2 (110) 2224 higher (-1146to+ - 362 e IbObO: 126 (-175 to -77)
5594)LE
P2 (11bO) - (2 RCTs) Very lowa;b.e 100: + 142 (+ 58 to + 227)
83 lower (-133 to —34)LE
127 )
(1RCT) Moderated
P3 (110) 185 higher (-212 to + - 360 DDOO IbObO: + 328 (+ 135 to + 520)
581)SE
P3 (IIbO) ) (2 RCTs) Very lowa,b,c 100z + 110 (-78 to +299)
698 higher (+ 301 to +
1096)SE 127 ©000
(LRCT)
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Moderated
Persons with faecal polio P1: 427 per 222 per 1000 RR 0.52 822 B0 ibOI: —356 (297 to —394) persons
excretion after OPV chal- 1000 (60 to 841) (0.14t0 1.97) (2 RCTs) Very lowa;b,c
lenge 110/1100: + 7 (~72 to + 148) persons
(Range of follow-up from 4.4 p2:572 per 309 per 1000 RR 0.55 1351 000 ibOI/IIbO: + 7 (-72 to + 148) persons
to 18 months) 1000 (177 to 537) (0.31t00.94)  (3RCTs) Lowbsc
110/1100: 329 (-282 to -357) persons
P3: 450 per 176 per 1000 RR0.39 822 BODO ibOI: -233 (-170 to —274) persons
1000 (144 to 212) (0.32t00.47) (2 RCTs) Moderateb
110/1100: 470 (392 to -533) persons
Vaccination coverage - - - (0 studies) - No data available
Serious adverse events 94 per 1000 87 per 1000 RR 0.92 1063 BBOO -
(57 to 135) (0.60t01.43)  (2RCTs) Lowbs¢

(=1 symptom related to
study drug or not)

(Range of follow-up from 5
to 7 months)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
# 2 IPV doses (110) was selected as the main result for this outcome since it is the most frequent scheme.

Cl: Confidence interval; RR: Risk ratio; P1, P2, P3: Poliovirus Serotypes 1, 2, 3 respectively.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

1=1PV, 0 = 0PV, bO = bOPV (see detailed acronyms in Appendix 1).

aSerious imprecision: confidence interval limits include clinically important increase or reduction of the effect.

bSerious study limitations: most studies have unclear risk of bias regarding random sequence generation and allocation concealment.
CConsiderable heterogeneity but in the same direction.

dSerious imprecision: only one study with low number of participants.

eVery serious imprecision: confidence interval limits include a marked effect increase or reduction.
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Summary of findings 3. 1PV(3)-OPV compared to IPV(2)-OPV for preventing poliomyelitis

3 IPV-OPV compared to 2 IPV-OPV for preventing poliomyelitis

Patient or population: preventing poliomyelitis

Setting: India
Intervention: 3 IPV-OPV
Comparison: 2 IPV-OPV

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of participants Certainty of Comments
(95% ClI) (studies) the evidence

Risk with IPV(2)-  Risk with IPV(3)-OPV (GRADE)

OPV
Paralytic polio - - - (0 studies) - No data available
VAPP cases - - - (0 studies) - No data available
Persons with protective hu- P1: 1000 per 980 per 1000 RR 0.98 137 DOHO -
moral response 1000 (930 to 1000) (0.93 t0 1.03) (1RCT) Moderated
(Follow-up 7 months) P2: 1000 per 1000 per 1000 RR 1.00 137

1000 (970 to 1000) (0.97 to 1.03) (1RCT)

P3:989 per 1000 998 per 1000 RR1.01 137

(959 to 1000) (0.97 to 1.05) (1RCT)

Neutralising antibodies - - - (0 studies) - No data available
Persons with faecal excretion - - - (0 studies) - No data available
after OPV challenge
Vaccination coverage - - - (0 studies) - No data available
Serious adverse events - - - (0 studies) - No data available

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
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BACKGROUND

Please see the Glossary in Appendix 1 for a list of acronyms used in
this review.

Description of the condition

Poliomyelitis is a communicable disease in humans that mainly af-
fects unimmunised children under five years of age. Wild poliovirus
(WPV), which has three strains (serotype 1, 2 and 3), causes paraly-
sis. The paralysis is also caused, albeit rarely, by the oral polio vac-
cine (OPV), which involves the same three serotypes.

WPV spreads primarily by faecal-to-oral transmission in poor sani-
tary conditions. It can also spread through pharyngea-to-oral secre-
tions. The virus enters the body through the oral and nasal cavities,
replicates in the gastrointestinal tract, and is then shed, through
faeces, into the environment. Initial symptoms of polio infection in-
clude fever, fatigue, headache, vomiting, stiffness in the neck, and
pain in the limbs. One in 200 infections leads to irreversible paraly-
sis. Five to 10 per cent of those paralysed die when their breathing
muscles become immobilised (WHO 2015b). In the pre-vaccination
era, most cases of paralysis were caused by serotype 1.

Since the introduction of OPV, four of the six regions of the World
Health Organization (WHO) have been certified free of WPV: the
Americas in 1994; Western Pacific in 2000; Europe in 2002; and
South East Asia in 2014. Approximately 80% of the world’s people
now live in polio-free areas (CDC 2015). Only two countries remain
polio endemic in 2019 (Afghanistan and Pakistan), compared to
three countries in 2018 (Afghanistan, Pakistan and Nigeria) and 125
countries in 1988 (GPEI 2018). The virus continues to circulate un-
abated in these less-developed countries because of poor serocon-
version rates among the recipients of OPV (Faden 1993), coupled
with programmatic issues such as reaching vulnerable children in
remote areas and ensuring sustainable financial and political sup-
port for the programmes. Failure to eradicate polio from these few
countries could result in as many as 200,000 new cases every year,
within 10 years, all over the world. Thus, as long as a single child
remains infected, children in all countries are at risk of contracting
polio.

While thereis no cure for polio, polio vaccines can protect a child for
life (WHO 2015b). However, continued use of OPV has been linked to
vaccine-associated paralytic poliomyelitis (VAPP) and vaccine-de-
rived polioviruses (VDPVs) (Platt 2014). VAPP is defined as an event
of paralysis that occurs in a vaccinee between seven and 60 days
after receiving a dose of OPV, with the neurological deficit remain-
ing 60 days after onset. It is caused by the OPV virus. Using risk es-
timates of VAPP from previously published studies from different
countries, Platt 2014 calculated the risk of VAPP as 4.7 cases per
million births (range = 2.4 to 9.7 cases), leading to a global annual
burden estimate of 498 cases (range = 255 to 1018 cases). When the
analysis was restricted to estimates from countries that currently
use OPV, the VAPP risk was 3.8 cases per million births (range = 2.9
to 4.7 cases) and a burden of 399 cases (range = 306 to 490) (Platt
2014). The incidence of recipient VAPP in different countries has
been estimated to range from 0.33 to 19.08 cases per million births
(Minor 2009).

VDPVs are Sabin viruses whose genetic sequence have mutated,
diverging from the original OPV strain as a result of prolonged
replication or transmission and reacquired neurovirulence. VDPV

can be further subcategorised into circulating vaccine-derived po-
liovirus (cVDPV), which circulates in populations that are seriously
under-vaccinated; immunodeficiency-related vaccine-derived po-
liovirus (iVDPV), which occurs in people who are unable to develop
an immune response (i.e. those with rare immunodeficiency disor-
ders); and ambiguous vaccine-derived poliovirus (aVDPV), isolated
cases of which very little is known (WHO 2015c). Unlike serotypes
1 and 3, serotype 2 continues to cause a number of cases of cVPDP
(cVPDP-2; 65 cases in 2013, 56 in 2014, 30 in 2015 and 5 in 2016),
thus complicating the epidemiology of polio as well as vaccine se-
lection and scheduling for supplementary immunisation activities
in many countries (WHO 2017). Fewer than 90 cVDPV cases per year
were reported to the WHO between 2000 and 2016, with the ex-
ception of the year 2009 when the number of cases peaked, main-
ly due to a large outbreak in Nigeria. Considering that time peri-
od, more than 94% of cVDPV cases and 66% of iVDPV cases identi-
fied since the introduction of OPV were due to serotype 2; cVDPV
due to serotype 1 represented 4% but in 2015 to 2016 it went up to
66% (Jorba 2016). cVDPV-2 is the most represented strain, account-
ing for 85.8% of all reported cases (Lopalco 2017). Using the WHO
and United Nations databases, we conducted a proportion meta-
analysis (using the random-effects model), to determine the glob-
al incidence of cases of cVDPV by WHO region and by polio vacci-
nation scheme. Between 2000 and 2016, 798 cases of cVDPV were
reported in 25 countries around the world. None of these cases oc-
curred with the inactivated polio vaccine (IPV), and only two cases
occurred with IPV-OPV. The remaining cases (99.7%) occurred with
OPV or OPV-IPV, representing a combined annual incidence of 14
cVDPV/million (95% confidence interval (Cl) 13 to 15), ranging an-
nually from 3 to 26 cVDPV/million. Probably the most remarkable
finding is that there is no evidence that cVDPV tends to disappear
and it is virtually only associated with exclusive use of OPV (Ciap-
poni 2017).

Description of the intervention

Immunisation against poliovirus infection represents one of the
world's greatest medical achievements. The incidence of po-
liomyelitis has declined dramatically since the introduction and
widespread use of live oral polio vaccine (OPV) and inactivated po-
lio vaccine (IPV). It is now recommended that all children should
receive four doses of vaccine before entering school. Regimens of
IPV only, OPV only, sequential IPV and OPV (IPV-OPV), the inverse
(OPV-IPV) or simultaneous IPV + OPV are acceptable. Each regimen
has advantages and disadvantages. In special circumstances, one
of the regimens is preferred or recommended.

OPV contains a live, attenuated (weakened) vaccine-virus (Sabin
vaccine-virus). Low- and middle-income countries (LMICs) rely on
OPV to control WPV transmission because of its low cost, ease of ad-
ministration, as well asinduction of mucosal (gut) and herd (i.e. the
indirect protection of unvaccinated children) immunity that limit
the spread of the virus. There are four different types of OPV: triva-
lent OPV (tOPV); monovalent OPV serotype 1 (mOPV1); monovalent
OPV serotype 3 (mMOPV3); and bivalent OPV (bOPV), which contains
serotypes 1 and 3.

tOPV has a simplified immunisation schedule, and consequent-
ly, has been the vaccine of choice for routine immunisation and
achieving global polio eradication. Three doses given at least two
months apart are sufficient to develop an optimal immune re-
sponse; antibody prevalence to all three serotypes approximates
96% after the third dose (McBean 1988), with 84% to 98% of
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those vaccinated showing detectable serum antibodies to all three
serotypes five years after primary immunisation (Krugman 1977).

In developing countries, however, multiple doses of tOPV given at
6, 10, and 14 weeks of age, as recommended by the WHO Expand-
ed Program for Immunization (EPI) (Sutter 2000), have been shown
to produce active immunity in only a small proportion of infants.
Following this three-dose regimen, low seroconversion rates have
been documented in many locations, averaging 73% for serotype
1, 90% for serotype 2 and 70% for serotype 3 (Patriarca 1991). Di-
arrhoeal disease and co-infection with other enteroviruses at the
time ofimmunisation are major factors that affectimmunity follow-
ing immunisation.

With the eradication of WPV serotype 2 by 1999, and continued cir-
culation of WPV serotypes 1 and 3 in select geographic areas, bOPV
was introduced in endemic areas. Like monovalent OPV (either
serotype 1 or serotype 3), bOPV was developed to support global
polio eradication efforts in resource-limited settings (Caceres 2001;
Grassly 2006; Sutter 2010). Schemes containing bOPV are attractive
approaches because these formulations, like monovalents formu-
lations, have superiorimmunogenicity to tOPV for the correspond-
ing serotype (Caceres 2001; Grassly 2006; Sutter 2010), and without
the interference from the serotype 2 component of the trivalent for-
mulation, they may be more effective in treating outbreaks caused
by a single WPV serotype (Grassly 2009).

IPV is an inactivated (dead) form of WPV, which is produced from
the three serotypes. Since 1978, a new method of production result-
ed in higher potency per dose and significantly greater immuno-
genicity than the original IPV (Gold 1994). In this review, when we
use the term IPV we are referring to enhanced potency IPV, because
the original one is obsolete. Unlike OPV, IPV never causes VAPP, and
hence is the vaccine of choice for routine immunisation in high-in-
come countries (HICs).

Sequential immunisation schedules of IPV-OPV of at least three
doses, starting with one or more doses of IPV and followed by one or
more doses of OPV, could offer the same benefits of both vaccines
and avoid the risks of VAPP and VDPV, which are associated with
OPV alone.

The World Health Organization (WHO), the United Nations Chil-
dren's Fund (UNICEF), the Rotary Foundation, the US Centers for
Disease Control and Prevention (CDC) and The Gates Foundation
have spearheaded the campaign to end polio through the Global
Polio Eradication Initiative (GPEI), which helps to co-ordinate vac-
cination campaigns worldwide, as well as environmental monitor-
ing and evaluation of the cause of incident cases of paralysis asso-
ciated to the wild or vaccinal poliovirus.

How the intervention might work

The introduction of IPV has stimulated the prospects of using IPV
and OPV simultaneously. The combined vaccine schedule could re-
duce the frequency of VAPP and provide good mucosal immuni-
ty. Several studies have suggested that two doses of IPV followed
by two doses of OPV provide excellent systemic and local immuni-
ty against polioviruses serotypes 1, 2, and 3 (Asturias 2007; Faden
1993; McBean 1988). At least two doses of IPV are necessary to in-
duce more than 90% of protective antibodies against polioviruses
before the first dose of OPV is administered. A non-Cochrane sys-
tematic review found that IPV did not induce sufficient intestinal

mucosal immunity to reduce the prevalence of faecal virus shed-
ding after challenge with OPV, although there was some evidence
that it could reduce the quantity of virus shed (Hird 2012).

Why it is important to do this review

In January 1997, the Advisory Committee on Immunization Prac-
tices (ACIP) recommended the adoption of a sequential IPV-OPVim-
munisation schedule for the USA (CDC 1997). The schedule of IPV
at two months and four months of age, followed by OPV at 12 to
18 months and again at four to six years, was intended to minimise
the risk for VAPP while maintaining population immunity to the po-
tential introduction of WPV. This switch to a schedule containing
IPV represented one of the most significant changes to US vaccine
policy (Faden 1993; Kew 2004). It resulted in considerable concern
that parents might not want their children to receive numerous,
simultaneous injections; that physicians might be reluctant to ad-
minister multiple injections at a single visit; and that the change to
a sequential IPV-OPV vaccination schedule would lead to reduced
vaccination coverage of children. However, a study that followed
children in two large, west coast, US health maintenance organisa-
tions (HMO) and evaluated a number of different measures of their
immunisation coverage at one and two years of age showed that
the changeover from an OPV-only schedule to one containing IPV
had little, if any, negative impact on vaccine coverage (Davis 2001).

In 2012, the Strategic Advisory Group of Experts on Immunization
(WHO 2012), the body responsible for advising the WHO on glob-
al vaccination policy, recommended the replacement of tOPV with
bOPV in all countries by 2016, preceded by the introduction of at
least one dose of IPV in routine immunisation programmes. This
schedule was implemented in April 2016 (PAHO 2017).

At present, 49 countries use sequential IPV-OPV vaccination sched-
ules (Table 1), and 17 countries have used it in the past (Table 2);
86 countries use an OPV-IPV schedule; four countries use OPV + IPV;
51 countries use IPV exclusively; and five use OPV exclusively. Al-
though the WHO strategy aims to stop OPV vaccination completely
and replace it with IPV vaccination, this goal is not yet close, and
the sequential IPV-OPV vaccination schedule could have an impor-
tant role during the transition. A systematic review of the evidence
on sequential IPV-OPV vaccination schedules could facilitate an ev-
idence-based, decision-making process.

OBJECTIVES

To assess the effectiveness, safety, and immunogenicity of sequen-
tialinactivated poliovirus vaccine-oral poliovirus vaccine (IPV-OPV)
immunisation schemes compared to either OPV or IPV alone.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs), quasi-RCTS, controlled be-
fore-and-after studies (CBAs), uncontrolled before-and-after stud-
ies (UBASs), interrupted time series studies (ITSs) and controlled in-
terrupted time series studies (CITSs) that meet the inclusion criteria
listed in the EPOC 2011a data collection checklist (See Appendix 2).

For vaccine-associated paralytic polio (VAPP) only, we also accept-
ed nationwide UBA studies evaluating the impact of changing the
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vaccination policy to sequential IPV-OPV vaccination schemes (See
Appendix 2).

Types of participants

People entitled to receive IPV-OPV vaccination schemes.

Types of interventions
Experimental intervention

« Sequential IPV-OPV schedule: one or more doses of IPV followed
by one or more doses of OPV.

Comparator intervention

« IPValone.
« OPValone.
« Non-sequential combinations of IPV-OPV.

Types of outcome measures
Primary outcomes

« Paralytic polio, measured as change in level and change in slope
by ITS.

Secondary outcomes

« Vaccine-associated paralytic polio (VAPP), measured as number
of VAPPs or VAPP per million of OPV doses.

+ Vaccine-derived poliovirus (VDPV) shedding in stool, measured
as number of VDPVs or VDPV per million of OPV doses.

« Protective immune responses, measured as risk ratio (RR) of
protective humoral response and mean titres of neutralising an-
tibody by serotype (humoral).

« Intestinalimmunity, measured as RR of polio faecal excretion af-
ter OPV challenge by serotype.

« Vaccination coverage in children, measured as average propor-
tion of vaccine coverage.

« Safety, measured as RR of serious adverse events (SAEs), and
proportion of SAEs.

Search methods for identification of studies
Electronic searches

We did not use any methods filters or limit the searches by date or
language. Wefirst searched the following databases in August 2014,
We updated the searches in August 2015, July 2016, August 2018
and May 2019, Exact search dates for each search are reported in
Appendix 3.

« Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
Issue 5) in the Cochrane Library and which includes the
Cochrane Developmental, Psychosocial and Learning Problems
Specialised Register (searched 14 May 2019).

o MEDLINE Ovid (1946 to April Week 3 2019).
« Embase Ovid (1980 to 2019 Week 18).
« Science Citation Index Web of Science (1970 to 14 May 2019).

« Conference Proceedings Citation Index - Science Web of Science
(1990 to 23 July 2019).

« Scopus Elsevier (searched 23 July 2019).

o LILACS (Latin American and Caribbean Health Science Informa-
tion database; regional.bvsalud.org/php/index.php?lang=en;
searched 14 May 2019).

« Cochrane Database of Systematic Reviews (CDSR; 2019, Issue 7),
part of the Cochrane Library (searched 31 July 2019).

« Database of Abstracts of Reviews of Effects (DARE; 2015, Issue 2,
final issue of DARE), part of the Cochrane Library (searched 11
August 2015).

« IndMED (Indian Medical Journals; indmed.nic.in; last searched
11 May 2018; access attempted 31 July 2019 but website could
not be reached).

« IBECS (Spanish Bibliographical Indexin Health Sciences; region-
al.bvsaud.org/php/index.php?lang=en; searched 14 May 2019).

« PAHO HQ Library Catalog (Pan American Health Organization
Headquarters Library Catelogue; regional.bvsalud.org/php/in-
dex.php?lang=en; searched 2 June 2019).

« WHOLIS (World Health Organization Library Information Sys-
tem;regional.bvsalud.org/php/index.php?lang=en; searched 23
July 2019).

« IMSEAR (Index Medicus for South-East Asia Region; www.glob-
alindexmedicus.net/; searched 31 July 2019).

« SciELO (Scientific Electronic Library Online; regional.b-
vsalud.org/php/index.php?lang=en; searched 1 June 2019).

o African Index Medicus (AIM;
searched 31 July 2019).

« IMEMR (Index Medicus for the Eastern Mediterranean Re-
gion;www.globalindexmedicus.net/; searched 31 July 2019).

« ICTRP (International Clinical Trials Registry Platform; app-
s.who.int/trialsearch; searched 31 July 2019).

« ClinicalTrials.gov (clinicaltrials.gov; searched 2 June 2019).

« ISRCTN registry (previously mRCT; www.isrctn.com/; searched 2
June 2019).

indexmedicus.afro.who.int;

The search strategies for each database are reported in Appendix 4.

Searching other resources

We checked the reference lists of relevant studies, and contacted
authors of included studies to identify any additional published or
unpublished data. In addition, we searched for reports of adverse
effects on the websites of the following organisations.

« Current Problems in Pharmacovigilance (www.mhra.gov.uk).

« Australian Adverse Drug Reactions Bulletin (from 1995 to 2009),
which was replaced by the Advisory Committee on the Safety of
Medicines (ACSOM) in January 2010.

« European Public Assessment Reports from the European Medi-
cines Evaluation Agency (www.emea.eu).

« Food and Drug Administration (FDA) Medwatch (www.f-
da.gov/medwatch).

Data collection and analysis

We performed the systematic review following the guidance in
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins2011a). We report here only the methods that we were able
to use. Methods that we had planned to use (Ciapponi 2014), but
could not be performed, are reported in Table 3.
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Selection of studies

Pairs of review authors independently considered studies for possi-
ble inclusion using EROS (Early Review Organizing Software) (Glu-
jovsky 2011; Ciapponi 2011; Glujovsky 2010). First, the review au-
thorsindependently screened the titles and abstracts of all records
identified by the searches, discarding any that were clearly irrele-
vant. Second, they independently examined the full texts of all po-
tentially relevant records, or those for which more information was
needed to determine eligibility, to identify those that met the in-
clusion criteria (Criteria for considering studies for this review). Any
disagreements were discussed amongst all review authors until a
consensus was reached. We presented our selection process in a
PRISMA diagram (Liberati 2009; Moher 2009).

Data extraction and management

We used an adapted, electronic version of a data collection check-
list developed by Cochrane Effective Practice and Organisation of
Care (EPOC 2011a). We piloted the form prior to use.

Pairs of review authors independently extracted descriptive, risk of
bias, and numerical outcome data from each study using EROS. For
descriptive data, a review author extracted the data onto a Google
spreadsheet, which a second review author verified. Discrepancies
were resolved by discussion with the entire team. We collected the
following information from each study.

Study references

« Name of author(s) and year of publication
« Start and stop dates for study

« Location of the study (for example, country, region or district,
and city)

Study characteristics

« Study design (RCT, quasi-RCT, CBA, UBA, ITS and CITS)

Intervention and comparisons: description and characteristics

« Number and type of vaccines
« OPV poliovirus types
« Timing (frequency of intervention, and duration of intervention)

« Schedule of IPV (l) or OPV (O) sequence (for example, 100, 1000,
110, 1100)

« Setting of the intervention (rural or urban)

Participants

o Age

« Sex

« Socioeconomic status

« Baseline health problems

In addition, for quasi-RCTs, we also recorded whether the study re-
stricted participant selection, or demonstrated balance or match-
ing between intervention and control groups on possible con-
founders (such as age, sex), or both.

Methods

« Unit of allocation
« Unit of analysis

« Criteria for assessment of risk of bias for:

* RCTs and quasi-RCTs (random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other bias);

* CBA studies (baseline measurement, characteristics of stud-
ies using second site as control, blinded assessment of prima-
ry outcome(s)* (protection against detection bias), protec-
tion against contamination (studies using second site as con-
trol), reliable primary outcome measure(s), follow-up of pro-
fessionals (protection against exclusion bias), and follow-up
of participants); and

* Interrupted time series (ITS) studies (protection against sec-
ular changes (intervention is independent of other changes,
data were analysed appropriately, reason for the number of
points pre- and postintervention given, and shape of the in-
tervention effect was specified), and protection against de-
tection bias (intervention unlikely to affect data collection,
blinded assessment of primary outcome(s), completeness of
data set, reliable primary outcome measure(s)).

Outcomes

« Primary outcome (paralytic polio)

« Secondary outcomes (VAPP, VDPV shedding in stool, protective
immune responses (humoral and intestinal immunity), vaccina-
tion coverage of children, and safety)

Assessment of risk of bias in included studies

In EROS, pairs of review authors independently assessed the risk of
bias in each included study using the ‘Risk of bias’ tool, described
in Chapter 8 of the Cochrane Handbook for Systematic Reviews of In-
terventions (Higgins 2011b) for RCTs, with additional criteria devel-
oped by EPOC for non-clinical studies (EPOC 2017).

We assessed the risk of bias as described below. All review authors
discussed any disagreements until they reached a consensus.

We present the results of our 'Risk of bias' assessment in the 'Risk
of bias' tables (beneath the Characteristics of included studies ta-
bles). We generated a 'Risk of bias' summary graph using RevMan
5 (Review Manager 2014). We considered our 'Risk of bias' judge-
ments when evaluating study limitations while preparing 'Summa-
ry of findings’ tables when assessing the overall certainty of the ev-
idence for each outcome (Guyatt 2011; Hultcrantz 2017).

RCTs

Using the criteria set out in Appendix 5, we assessed the risk of
bias in RCTs as low, high or unclear, across each of the following
domains from the Cochrane ‘Risk of bias’ tool: sequence genera-
tion; allocation concealment; blinding of participants and person-
nel; blinding of outcome assessors; incomplete outcome data; se-
lective outcome reporting; and other potential threats to validity
(Higgins 2011b). Where we scored a study at unclear risk of bias, one
review author attempted to obtain furtherinformation from the au-
thors of the trial.

CBA and UBA studies

For CBAs, we used the following criteria: baseline measurement;
characteristics for studies using the second site as control; blind-
ed assessment of primary outcome(s); reliable primary outcome
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measure(s); follow-up of professionals (protection against exclu-
sion bias); and follow-up of patients.

For UBAs, we used the same criteria, with the exception of baseline
measurement and characteristics for studies using the second site
as control.

For each included study, we rated the risk of bias in each domain as
low, high or unclear using the criteria set out in Appendix 6,

ITS and CITS studies

For ITS studies, we assessed the risk of bias associated with the fol-
lowing seven domains: intervention independent of other changes;
shape of intervention effect pre-specified; intervention unlikely to
affect data collection; blinding of outcome assessors to interven-
tion allocation; incomplete outcome data; selective outcome re-
porting; and other sources of bias (EPOC 2017). For each included
study, we rated the risk of bias in each domain as low, high or un-
clear using the criteria set out in Appendix 6,

As for CBAs, for CITS studies we included three additional domains
that assess design-specific threats to validity: imbalance of out-
come measures at baseline; comparability of intervention and con-
trol group characteristics at baseline; and protection against cont-
amination (EPOC 2017). We rated the risk of bias in each domain as
low, high or unclear using the criteria set out in Appendix 6.

Measures of treatment effect
RCTs
Dichotomous outcomes

We calculated the risk ratio (RR) with 95% confidence intervals
(Cls).

Continuous outcomes

We calculated the mean difference (MD) with 95% Cl when the same
outcomes were measured using similar scales (such asimmune re-
sponses).

CBA and UBA studies

For continuous variables, we reported, if possible, the relative
change, adjusted for baseline differences in the outcome mea-
sures; that is, the absolute post-intervention difference between
the intervention and control groups minus the absolute pre-inter-
vention difference between the intervention and control groups di-
vided by the post-intervention level in the control group. We re-
analysed CBA studies as ITS studies, if possible, using the methods
described below.

ITS and CITS studies

The most basic approach is to graph the time series, and look
for trends and patterns. We present the results for outcomes as
changes along two dimensions: 'change in level' and 'change in
slope’.

'Changein level'is theimmediate effect of the policy. It is measured
as the difference between the fitted values for the first post-inter-
vention data point (one month after the intervention) minus the
predicted outcome one month after the intervention based on the
pre-intervention slope only. We calculated the relative change in
level by dividing the change in level by the predicted outcome one

month after the intervention based on the pre-intervention slope
only and then multiplying by 100%.

'Change in slope' is the change in the trend from pre- to post-inter-
vention that reflects the long-term effect of the intervention. Since
the interpretation of change in slope can be difficult, we present-
ed the long-term effects in a similar way to how we calculated and
presented the relative immediate effects.

Unit of analysis issues

We did notincluded cluster-trials (see Table 3 for planned methods
to address this issue should they arise in future updates of this re-
view).

Dealing with missing data

If information was missing or unclear, we contacted the study in-
vestigators for additionalinformation or clarification. Toreduce the
risk of overly positive answers, we used open-ended questions (as
recommended in Chapter 16 the Cochrane Handbook for Systemat-
ic Reviews of Interventions; Higgins 2011c).

We imputed missing continuous data when necessary (calculating
standard deviations from standard errors or using standard devia-
tions from other studies).

Assessment of heterogeneity

Statistical heterogeneity exists if the observed intervention effects
are more different from each other than one would expect due to
random error (chance) alone. We obtained an initial visual overview
of heterogeneity through scrutinising the forest plots and looking
at the overlap between Cls around the estimate for each included
study. To quantify the inconsistency across studies, and thus the
impact of heterogeneity on the meta-analysis, we used the 12 statis-
tic to detect heterogeneity (Higgins 2003). In the latter case, we de-
fined an 12 of > 50% as revealing substantial heterogeneity. We also
interpreted the significance of the 12 test in light of (i) the magnitude
and direction of effects and (ii) the strength of evidence for hetero-
geneity (for example, a Cl for the 12, or the P value for the Chi2 test).

We assessed observable heterogeneity among the study questions
and methods, to determine whether a meta-analysis was appro-
priate. We also looked at the study participants, settings, interven-
tions, and reported outcomes. We paid particular attention to the
homogeneity of the methodology (such as variances in blinding
and concealment of allocation) within and across included studies.

If we found evidence of statistical heterogeneity, we examined it
in a subgroup analysis and a sensitivity analysis, as outlined in the
respective sections below (Subgroup analysis and investigation of
heterogeneity; Sensitivity analysis).

Assessment of reporting biases

To reduce possible publication bias, we employed strategies to
search for and include relevant unpublished studies. These strate-
giesincluded searchingthe grey literature and prospective trial reg-
istration databases to overcome time-lag bias.

To investigate the likelihood of overt publication bias, when we
found more than eight studies of different sizes we drew a funnel
plot, plotting trial effects against inverse standard errors of the ef-
fects. Funnel plot asymmetry is found through 'eyeballing' the fun-
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nel plot. We recognise that the funnel plot is not the most reliable
method of investigating reporting biases, since asymmetry can al-
so result from other sources of selection bias (delayed publication,
location biases, selective outcome reporting), and methodological
issues leading to spuriously inflated effects in smaller studies, true
heterogeneity, artefactual, and chance (Sterne 2011).

Data synthesis

For each comparison, we reported summary statistics for each of
theincluded studies (RCTs, quasi-RCTs, CBAs, UBAs, and controlled
or non-controlled ITSs). We used forest plots to display the data
graphically.

For dichotomous data, we used the Mantel-Haenszel method, and
for continuous data, we used the inverse variance method.

We pooled the results from individual studies in a meta-analysis
using the random-effects model by DerSimonian and Laird (DerSi-
monian 1986). We chose this method because we could not assume
asingle, underlying (fixed) treatment effect. When the impact of the
intervention was assessed in individual studies on more than one
outcome measure, we selected the outcome that best reflects the
targeted intervention for pooling data.

We analysed ITS and UBAs studies separately to RCTSs.

We analysed ITS data using the guidelines of the EPOC group (EPOC
2011b; EPOC 2011c), and reported outcomes in natural units. We
reported pre-intervention and post-intervention means or propor-
tions for both study and control groups, and calculated the unad-
justed and adjusted (for any baseline imbalance) absolute change
from baseline with 95% CIS. We used either a regression analysis
with time trends before and after the intervention, which adjust for
autocorrelation and any periodic changes, or an autoregressive, in-
tegrated, moving average (ARIMA) model to isolate the effect of the
intervention from existing time trends (McCain 1979).

Subgroup analysis and investigation of heterogeneity

We performed the following subgroup analyses, where possible, to
check if the intervention effect varied with different populations,
interventions, or settings.

« Timing of the first dose (at birth or at two months).
« Type of dose sequence (100, 1000, 110, or 1100).
« Country (according to the current World Bank classification).

When we were not able to perform a meta-analysis, we summarised
the results for these subgroups within the text of the review.

We also used an 12 of > 50% to test for subgroup differences, since
substantial heterogeneity would suggest differential interventions
effects.

Due to a lack of studies, we were unable to conduct other pre-
planned subgroup analyses (Ciapponi 2014), which can be found in
Table 3.

Sensitivity analysis

We performed a sensitivity analyses based on the following charac-
teristic.

+ Method of meta-analysis: we compared the results from the ran-
dom-effects and fixed-effect models if there was unexplained
heterogeneity between studies, to assess the robustness of the
results.

Due to a lack of studies, we were unable to conduct our other pre-
planned analyses (Ciapponi 2014), which can be found in Table 3.

We conducted a post hoc sensitivity analysis of studies at low risk
of bias for allocation concealment for persons with P1 protective
humoral response.

Summarising and interpreting results

We imported data from RevMan 5 (Review Manager 2014) to GRADE
profiler (GRADEpro GDT), and created 'Summary of findings' tables
for the following comparisons:

« IPV-OPV compared to OPV alone;
+ IPV-OPV compared to IPV alone; and
« IPV(3)-OPV compared to IPV(2)-OPV.

The critical/important outcomes reported in all thee 'Summary of
findings' tables are:

« paralytic polio;

« VAPP cases;

« persons with protective humoral response;

« neutralising antibodies;

« persons with faecal excretion after OPV challenge;
« vaccination coverage; and

« serious adverse events.

We grouped, analysed and presented the results according to
serotypes P1, P2 and P3 protective humoral and intestinal response
(outcomes 3, 4, and 5), because the effect is partially independent
of each other, and in that sense, many policies, like the replacement
of tOPV by bOPV, are serotype specific. If we were not able to pool
the data in a meta-analysis due to considerable heterogeneity, we
presented the scheme of two IPV doses (110) as the main subgroup
for this outcome, since it is the most studied scheme.

Pairs of review authors independently graded the certainty of the
evidence for each outcome using the GRADE approach (Guyatt
2011; Hultcrantz 2017; Schiinemann 2011b, Schiinemann 2013);
discrepancies were resolved by consensus. For assessments of the
overall certainty of the evidence for outcomes that included pooled
data from RCTs, we initially graded the evidence as high certain-
ty, downgrading the rating (by one level from high to moderate
certainty, by two levels to low certainty, or three levels to very
low-certainty evidence) depending on the extent of accomplish-
ment across the following criteria: study limitations (risk of bias);
indirectness of evidence; inconsistency; imprecision of effect esti-
mates; or publication bias. For certainty ratings for outcomes that
included pooled data from ITS, CITS, CBA and UBA studies, we ini-
tially graded the evidence from as low certainty, upgrading the
rating to moderate or high certainty if the pooled estimates re-
vealed a large magnitude of effect, negligible concerns about con-
founders, or a strong dose-response gradient. We used these as-
sessments, along with the evidence (or lack thereof) for absolute
benefit or harm of the interventions, and the sum of available data
on all critical and important outcomes from each study included for
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each comparison, to draw conclusions about the effectiveness of
sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines
for preventing poliomyelitis.

RESULTS

Description of studies
Results of the search

We retrieved a total of 6960 records (6958 database records and 2
from other sources) and eliminated 3058 duplicates, We screened
the remaining 3902 titles and abstracts, and from these, selected
205 full texts for further screening. We excluded 175 full-text re-

ports. The majority of these involved an ineligible intervention (n
=98) or ineligible study design (n = 44) and consequently are not
described in the Excluded studies section. We do, however present
the details of six full-text reports that we excluded for less obvious
reasons in the Excluded studies section.

Weincluded 21 studies (from 27 reports; we considered the six addi-
tionalreports as secondary references of Faden 1990; Ivanova 2018;
0'Ryan 2015; Rennels 2000) in this review. See Included studies sec-
tion for more information. We also identified three ongoing studies
(NCT02412514; NCT03430349; NCT03614702).

See Figure 1.
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Figure 1. Study flow diagram.
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Figure 1. (Continued)
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Included studies

We included 16 RCTs (Anand 2015; Asturias 2007; Faden 1990;
Halsey 1997; Jain 1997; Li 2016a; Linder 2000; Modlin 1997; O'Ryan
2015;Qiu 2017; Ramsay 1994; Rennels 2000; Simasathien 1994; Sut-
ter 1997; West 2001; Yeh 2001), three ITS (Alexander 2004; Davis
2001; Von Magnus 1984), and two UBA (lvanova 2018; Kapusinszky
2010). See Characteristics of included studies tables.

RCTs
Setting

The majority of RCTs (10/16) were conducted in high-income coun-
tries: five in the USA (Faden 1990; Halsey 1997; Modlin 1997; West
2001; Yeh 2001); two in the UK (Ramsay 1994; Rennels 2000); and
one apiece in Chile (O'Ryan 2015); Israel (Jain 1997); and Oman
(Sutter 1997). The six remaining studies were conducted in mid-
dle-income countries: two in China (Li 2016a; Qiu 2017); and one
apiece in Bangladesh (Anand 2015), Guatemala (Asturias 2007), In-
dia (Linder 2000), and Thailand (Simasathien 1994).

The RCTs were published between 1990 and 2017, with only six of
them published within the last 10 years (Anand 2015; lvanova 2018;
Kapusinszky 2010; Li 2016a; O'Ryan 2015; Qiu 2017). There date
of patient recruitments were from 1986 (Faden 1990) to 2015 (Qiu
2017).

Participants and sample sizes

The 16 RCTs involved 6407 healthy infants (mean age = 382 days,
range =96 to 975 days, median = 365 days).

Comparisons

The RCTs compared a sequential IPV-OPV schedule (one or more
doses of IPV followed by one or more doses of OPV) with IPV alone
(O'Ryan 2015; Rennels 2000), OPV alone (Li 2016a; Ramsay 1994; Si-
masathien 1994; Sutter 1997; West 2001), both IPV and OPV (Anand
2015; Asturias 2007; Faden 1990; Jain 1997; Modlin 1997; Qiu 2017,
Yeh 2001), IPV and IPV + OPV (Halsey 1997), or different schemes of
IPV-OPV (Linder 2000).

Outcomes

All RCTs assessed serological immune response for each serotype
as geometric mean antibody titres and protective humoral re-
sponse (= 1:8 dilutions) from completing the vaccination schedule
to 18 months. Faden 1990 also assessed mean antibody titres at
five years. Five RCTs assessed poliovirus detection in stool or gas-
trointestinal mucosal immunity (Asturias 2007; Faden 1990; Mod-
lin 1997; O'Ryan 2015; Ramsay 1994), and seven reported on safety
outcomes (Asturias 2007; Li 2016a; O'Ryan 2015; Qiu 2017; Rennels
2000; West 2001; Yeh 2001).

ITS and UBA studies

We included two ITS studies (Davis 2001; Von Magnus 1984), two
UBA studies (lvanova 2018; Kapusinszky 2010), and one study that
used a mixed design (ITS + UBA analysis for VAPP cases) (Alexander
2004).

Setting

Most (4/5) studies were conducted in high-income countries: twoin
the USA (Alexander 2004; Davis 2001); one in Denmark (Von Magnus

1984); and one in Hungary (Kapusinszky 2010). The fifth study was
conducted in the Russian Federation (Ilvanova 2018); a middle-in-
come country.

Participants and sample sizes

Four studies were conducted nationwide (Alexander 2004; lvanova
2018; Kapusinszky 2010; Von Magnus 1984). The other study, Davis
2001, was conducted in two large, health maintenance organiza-
tions (HMO) in the USA and involved 28,330 infants aged one year
old.

Comparisons

All but one study compared a sequential IPV-OPV schedule with
OPV. The exception was Von Magnus 1984, who compared an IPV-
OPV schedule with IPV.

Davis 2001 used an OPV-only schedule in quarter four of 1995 to
quarter three of 1996 (at ages two, four and 12 to 18 months and at
four to six years). This changed to an IPV-OPV schedule in quarter
four of 1996 to quarter four of 1997 (IPV at ages two to four months,
OPV at ages 12 to 18 months and at four to six years).

Outcomes

Both UBA studies (lvanova 2018; Kapusinszky 2010) and the mixed-
design study (Alexander 2004) assessed the frequency of VAPP cas-
es. Of the two ITS studies, one assessed the frequency of paralytic
polio cases, percentage of persons with antibodies to type 1,2 and
3 poliovirus, and acceptance rate (Von Magnus 1984). The other as-
sessed immunisation status, immunisation up-to-date status and
total number of missed-opportunity visits (Davis 2001).

Excluded studies

We excluded six studies because they did not meet the inclusion
criteria for this review (Criteria for considering studies for this re-
view); four because they used an ineligible study design (McCol-
lough 1969; Moiseieva 2002; Swartz 1998; Wattigney 2001), and two
because they used anineligible intervention (Li2016b; Ye 2018). See
Characteristics of excluded studies tables.

There are no studies awaiting classification.

Ongoing studies

We identified three ongoing studies, which we describe in fullin the
Characteristics of ongoing studies tables. In brief:

o NCT02412514:(1+0)00 (IPV+bOPV,bOPV and bOPV) versus |00
(IPV, bOPV and bOPV);

« NCT03430349: IPV followed by novel OPV2 versus IPV followed
by another novel OPV2; and

« NCT03614702: 12 arms of one or two doses of cIPV/sIPV + one
dose of tOPV versus one or two doses of cIPV/sIPV + one dose of
bOPV.

Risk of bias in included studies

We assessed the risk of bias for RCTs separately to that of the ITS
and UBA studies. We provide asummary of the results of our assess-
ment below and graphically in Figure 2 and Figure 3. Further details
can befound inthe 'Risk of bias' tables (beneath the Characteristics
of included studies tables).
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Figure 2. 'Risk of bias' graph by experimental / quasi-experimental design: review authors' judgements about each
risk of bias item presented as percentages across all studies

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Conflict of interest

Conflict of interest

ITS / BA Blinded assessment of primary outcome(s)
ITS / BA Reliable primary outcome measure(s)

BA Follow-up of professionals

BA Follow-up of patients

ITS Protection against secular changes

ITS Data were analysed appropriately

ITS Reason for the number of points pre- and post-intervention given

ITS Shape of the intervention effect was specified
ITS Intervention unlikely to affect data collection

ITS Completeness of data set

Randomised controlled trials

50%

Q--
R
)
al
R

Quasi-experimental studies

75%

100%

e — e e ] e b ) L

0% 25% 50% 75%  100%
[ Low risk of bias [CJunciear risk of bias [l High risk of bias
Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 21

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

2\ Cochrane
é) Library

Cochrane Database of Systematic Reviews

Figure 3. A summary table of review authors' judgements for each 'Risk of bias' item for each study
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RCTs
Allocation (selection bias)
Randon sequence generation

We rated six studies at low risk of bias (Asturias 2007; Linder 2000;
Modlin 1997; O'Ryan 2015; Qiu 2017; Ramsay 1994). We considered
the 10 remaining studies to be at unclear risk of bias because they
did not provide a complete description of the random sequence
generation process.

Allocation concealment

We judged four studies at low risk of bias (Asturias 2007; Linder
2000; Qiu 2017; Simasathien 1994). We rated the 12 remaining stud-
ies at unclear risk of bias because they did not describe alloca-
tion concealment or the description was incomplete (Anand 2015;

Quasi-experimental studies

Faden 1990; Halsey 1997; Jain 1997; Li 2016a; Modlin 1997; O'Ryan
2015; Ramsay 1994; Rennels 2000; Sutter 1997; West 2001; Yeh
2001).

Blinding (performance bias and detection bias)

Blinding of participants and personnel

We rated all studies at low risk of performance bias since itis unlike-
ly that the lack of blinding would have influenced the way in which
the immunisation schedule was delivered.

Blinding of outcome assessment

We rated all studies at low risk of detection bias. Although the out-
come assessment was not blinded, it is unlikely that objective out-

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 22
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

+ \ Cochrane
i Library

Cochrane Database of Systematic Reviews

comes (like antibody titres) would have been influenced by the lack
of blinding.

Incomplete outcome data (attrition bias)

We judged four studies at low risk of attrition bias (Halsey 1997; Li
2016a; Linder 2000; Rennels 2000). We judged a further four studies
at high risk of attrition bias because of attrition in the short term
(from 14% to 30%) and long term (from 45% to 69%) (Faden 1990;
Jain 1997; Modlin 1997; Yeh 2001). We rated the eight remaining
studies at unclear risk of attrition bias because the description of
attrition was incomplete, although we consider it unlikely to im-
pact considerably on the results, since most outcomes had early
presentation.

Selective reporting (reporting bias)

We considered all studies to be at of low risk of reporting bias.

We assessed reporting bias through visual inspection of funnel
plots when there was more than eight studies included in a meta-
analysis. We found no significant asymmetries for the number of
people with protective humoral response P1, P2 and P3 for the
comparison IPV-OPV versus OPV (Figure 4), or for the number of
people with protective humoral response P1 for the comparison
IPV-OPV versus IPV (Figure 5).

Figure 4. Funnel plot of comparison: 1 IPV-OPV vs OPV, outcome: 1.1 Persons with P1 Protective humoral response.
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Figure 5. Funnel plot of comparison: 2 IPV-OPV vs IPV, outcome: 2.1 Persons with P1 Protective humoral response.
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Other potential sources of bias

All trials seems to be free of other potential sources of bias

Conflict of interest

Seven studies received no industry funding and we rated these
studies at low risk of bias (Anand 2015; Li 2016a; O'Ryan 2015; Qiu
2017; Ramsay 1994; Simasathien 1994; Sutter 1997). We rated one
study at high risk of bias because the director of the study was also
the medical director of the sponsor (Li 2016a). We considered the
eight remaining studies to be unclear risk of bias; six because they
declared industry funding (Asturias 2007; Faden 1990; Halsey 1997;
Rennels 2000; West 2001; Yeh 2001), and two because they did not
describe funding (Jain 1997; Modlin 1997). There were no other po-
tential sources of bias.

ITS and UBA studies
Protection against secular changes
Intervention is independent of other changes

We rated three studies at low risk of bias on this domain since the
intervention appears to occur independently of other changes over
time (Alexander 2004; Davis 2001; Von Magnus 1984).

Data were analysed appropriately

We considered two studies to be at unclear risk of bias on this do-
main because we re-analysed the data as an ITS (Alexander 2004;
Davis 2001).

We considered one study to be at high risk of bias because the avail-
able data did not allow us to re-analyse it (Von Magnus 1984).

Reason for the number of points pre- and post-intervention given

We rated three studies at low risk of bias on this domain because
they provided many points pre- and post-intervention (Alexander
2004; Davis 2001; Von Magnus 1984).

Shape of the intervention effect was specified

We rated the mixed study by Alexander 2004 at low risk of bias. We
rated two studies at unclear risk of bias because the data were not
designed asan ITS (Davis 2001, which we re-analysed; and Von Mag-
nus 1984, which did not specify the shape).

Protection against detection bias
Blinded assessment of primary outcome(s)

We rated three studies at low risk of bias because they used ob-
jective outcomes that are not likely to be influenced by the lack of
blinding (Alexander 2004; Davis 2001; Von Magnus 1984).
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We considered two studies to be at unclear risk of bias because al-
though acute flaccid paralysis (AFP) and virological testing are ob-
jective outcomes, VAPP requires interpretation and the method by
which cases were identified was not clearly stated (lvanova 2018;
Kapusinszky 2010).

Reliable primary outcome measure(s)

We rated all five studies at low risk of bias on this domain; three
because the outcomes were obtained using an automated system
(Alexander 2004; Davis 2001; Von Magnus 1984), and two because
the surveillance systems had data quality controls (lvanova 2018;
Kapusinszky 2010).

Intervention unlikely to affect data collection

We rated two studies at low risk of bias because data collection
methods were the same before and after the intervention (Alexan-
der 2004; Davis 2001), and one study at unclear risk of bias because
this information was not reported (Von Magnus 1984).

Completeness of data set

We rated one study at low risk of bias (Alexander 2004). We judged
two studies to be at unclear risk of bias because they used national
databases (Davis 2001; Von Magnus 1984).

Protection against exclusion bias
Follow-up of professionals

We rated three studies at low risk of bias on this domain since na-
tional AFP surveillance implies a complete nationwide follow-up;
the follow-up period was long enough; and no changes to protocols
were reported (Alexander 2004; lvanova 2018; Kapusinszky 2010).

Follow-up of patients

We rated three studies at low risk of bias on this domain, since na-
tional AFP surveillance implies a complete nationwide follow-up;
the follow-up period was long enough; and no changes to protocols
were reported (Alexander 2004; lvanova 2018; Kapusinszky 2010).

Conflict of interest

No study received industry funding, therefore, we rated all five
studies at low risk of bias on this domain.

Effects of interventions

See: Summary of findings for the main comparison IPV-OPV com-
pared to OPV for preventing poliomyelitis; Summary of findings
2 IPV-OPV compared to IPV for preventing poliomyelitis; Summa-
ry of findings 3 IPV(3)-OPV compared to IPV(2)-OPV for preventing
poliomyelitis

See Appendix 1 Glossary to facilitate the reading of this section
particularly for long-combined schedules. In general, 'l' represents
Inactivated Polio Vaccine (IPV) and 'O' represents Oral Polio Vac-
cine (OPV). Where O or OPV is used below we refer to trivalent OPV.
Where bO or bOPV is used we refer to Bivalent OPV. P1, P2, and P3
refer respectively to Poliovirus Serotype 1,2 and 3.

Comparison 1: IPV-OPV versus OPV

See Summary of findings for the main comparison.

This comparison includes 12 RCTs with 4813 participants (Anand
2015; Asturias 2007; Faden 1990; Jain 1997; Li 2016a; Modlin 1997;

Qiu 2017; Ramsay 1994; Simasathien 1994; Sutter 1997; West 2001,
Yeh 2001).

We also included one interrupted time series (ITS) study (Davis
2001, n =28,330), and three nationwide studies: two uncontrolled
before-and-after (UBA) studies (Ivanova 2018; Kapusinszky 2010),
and one study that used a mixed design (ITS + UBA analysis for vac-
cine-associated paralytic polio (VAPP) cases) (Alexander 2004).

Paralytic polio

One nationwide ITS study assessed this outcome (Alexander 2004).
It is uncertain if IPV-OPV compared to OPV reduces the number of
cases of wild poliovirus (WPV) since this study provided very low-
certainty evidence of the effect of this outcome.

In Alexander 2004, the national vaccination policy in the USA
changed in 1997 from a reliance on OPV to options for a sequential
IPV-OPV schedule. In 2000, an exclusive IPV schedule was adopt-
ed. We re-analysed the data considering the year 1997 as transition
period, our re-analysis of the OPV to IPV-OPV schedule on report-
ed cases of paralytic poliomyelitis showed a change in level of -0.3
(95% confidence interval (Cl) -2.2 to 1.5;-36.0%), a change in slope
of 0.1 (95% CI -1.0 to 1.2), and an estimated effect at three years of
-0.2 (95% Cl -1.3 to 0.9; -21.0%; very low-certainty evidence).

Not considering a transition period, the ITS showed a changein lev-
el of 0.4 (95% Cl -0.6 to 1.3; 59.0%), change in slope of 0.3 (95% CI
-0.9 t0 0.3), and an estimated effect at three years of -0.3 (95% ClI
-1.3t00.8; -32.0%).

Vaccine-associated paralytic polio (VAPP)

Three nationwide, UBA studies showed that the sequential IPV-OPV
scheme compared with the previous OPV schemes may substan-
tially reduce cases of VAPP (Alexander 2004; lvanova 2018; Kapusin-
szky 2010). Although there is no international standard, we judged
the preventive effect size of the intervention as large (low certain-
ty-evidence).

Alexander 2004, in the USA, analysed national acute flaccid paral-
ysis (AFP) surveillance data conducted by the Centers for Disease
Control and Prevention from 1990 to 1999.

« Before. Exclusive use of OPV scheme 0000 (OPV at aged two,
four, and 12 to 18 months and again at four to six years) between
1990 and 1996: 46 VAPP cases occurred, 1 VAPP case per 2.9 mil-
lion doses or 0.34 VAPP cases per million of OPV doses.

« After. Sequential scheme 1100 (IPV at two and four months of
age followed by OP\/ at 12 to 18 months, and again at four to six
years of age) between 1997 and 1999: 13 VAPP cases occurred,
none of them occurred in persons who had followed the sequen-
tial IPV-OPV or IPV-only schedules.

« Before-After. Comparing 1990 to 1996 with 1998 to 1999, the av-
erage number of VAPP cases per year decreased from 6.6 to 3.0,
which equates to a reduction of 54.3%. The average number of
sporadic contact cases decreased by 68%; community-acquired
cases and immunologically abnormal cases both decreased by
100%.

Ivanova 2018, in the Russian Federation, analysed national acute
flaccid paralysis (AFP) surveillance data from 1998 to 2014. Out of
the 6643 cases of AFP, 127 cases were VAPP: 82 cases were ob-
served in OPV recipients and 45 cases in non-vaccinated contacts.
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Poliovirus type 2 (23.7%) and type 3 (39.5%) were isolated most of-
ten. Half of the children had a burdened premorbid status and 67%
had various immunological disorders before presenting with VAPP.

« Before. Exclusive use of OPV scheme O0O0O (OPV at ages six, 18,
and 20 months and again at 14 years) between 1998 and 2007: 1
VAPP case per 1.59 million OPV doses, 7.64 VAPP cases per mil-
lion newborns (5.64 and 1.99 VAPP cases per million newborns
in OPV recipients (rVAPP) and non-vaccinated contacts (cVAPP),
respectively: rVAPP/cVAPP ratio = 2.83). The VAPP cases yielded
mostly type 3 (38.5%): rVAPP isolates were type 3 (69.2%) or mix-
tures of types 2 and 3 (56.7%); and cVAPP cases yielded types 2
(44%) and 3 (40%).

« After. Sequential scheme 1110000 ( IPV at ages three and 4.5
months; OPV at ages six, 18 and 20 months and again at 14 years)
between 2008 and 2014: 1 case per 4.18 million doses, 1.56 cas-
es per million newborns (0.23 and 1.33 VAPP cases per million
newborns in OPV recipients and contacts, respectively: rVAPP/
cVAPP ratio =0.17). VAPP cases occurred mainly in unvaccinated
children as a result of contact with an OPV recipient and also in
recipients, who, for various reasons, received OPV in violation of
the vaccination schedule. Individual serotypes were mostly iso-
lated: 85% from cases of VAPP in general and 100% from cVAPP.
During the same time period, no case was associated with po-
liovirus type 1.

« Before-After. Observed reduction of 79.58% of cases per million
newborns with the sequential scheme (95.92% and 33.17% re-
duction in VAPP cases per million newborns in OPV recipients
and contacts, respectively).

Kapusinszky 2010, in Hungary, analysed national AFP surveillance
data from 1992 to 2006. During that period, 90 VAPP cases were re-
ported.

« Before. Exclusive use of OPV scheme (mOPV1, mOPV2, mOPV3,
separated by six weeks, at two to 38 months of age) between
1959 and 1992: 90 cases of VAPP.

« After. Sequential scheme 100000 (IPV at two to 38 months of
age, tOPV six weeks later-OPV) between 1992 and 2006; zero cas-
es of VAPP.

« Before-After. Observed reduction of 100% of cases.

Out of the 90 VAPP cases, 52 were associated with Sabin 3-relat-
ed virus (76% of VAPP cases with virologic data). No evidence was
found for prolonged monovalent OPV type 3 (mOPV3) replication in
the VAPP patients or for spread of Sabin 3-related viruses beyond
close vaccinee contacts. We could not judge the clinical meaning-
fulness of this level of change, due to the lack of international stan-
dards.

Protective immune responses
Humoral and intestinal immunity

Twelve RCTs provided data on this outcome (Anand 2015; Asturias
2007; Faden 1990; Jain 1997; Li 2016a; Modlin 1997; Qiu 2017; Ram-
say 1994; Rennels 2000; Simasathien 1994; West 2001; Yeh 2001).

We grouped, analysed and presented the results according to P1,
P2 and P3 protective humoral and intestinal immunity. We also
present the respective results from subgroup analyses by serotype.
The efficacy of IPV-OPV by serotype P1, P2 and P3 is presented in
additional Table 4.

P1 protective humoral immunity

There is no difference between the two treatments for number of
persons with P1 protective humoral immunity (risk ratio (RR) 1.00,
95% C10.99 to 1.01; P =0.60; 12 studies, 3189 participants; Analysis
1.1; moderate-certainty evidence). There is no heterogeneity (Tau
=0.00; Chi2 =7.80, df = 14 (P = 0.90); 12 = 0%).

Subgroup analyses

« Timing of the first dose: the test for subgroup differences in-
dicates that there is no statistically significant subgroup effect
(Test for subgroup differences: Chi2 =0.33,df =1 (P =0.57), 12 =
0%; Analysis 1.2). First dose given at birth (RR 1.04 C10.91 to 1.20;
1study, 50 participants); First dose given at two months (RR 1.00
C10.99t0 1.01; 12 studies, 3139 participants); there is no hetero-
geneity (Tau? = 0.00; Chi=7.61, df = 10 (P =0.67), 12 =0%).

« Type of dose sequence: the test for subgroup differences indi-
cates that there is no statistically significant subgroup effect
(Chi2 =0.51, df =2 (P = 0.78), 12 = 0%,; Analysis 1.3). 100/1000
dose sequence: RR 1.00, 95% CI 0.98 to 1.01; 5 studies, 695 par-
ticipants; moderate-certainty evidence. Thereis no heterogene-
ity (Tau2=0.00; Chi2=0.69, df =4 (P =0.95), 12 = 0%). 110/1100/I110
dose sequence: RR 1.00, 95% CI 0.99 to 1.01; 8 studies, 1772 par-
ticipants; moderate-certainty evidence. There is no heterogene-
ity (Tau2 = 0.00; Chi2 = 5.51, df = 7 (P = 0.60), I2 = 0%). |0l dose
sequence: RR 1.03 Cl 0.93 to 1.14; 2 studies, 722 participants;
moderate-certainty evidence. Heterogeneity is moderately high
(Tau2=0.00; Chi2=1.95; df = 1 (P = 0.16); 12 = 49%).

« Country or location: the test for subgroup differences indicates
that there is no statistically significant subgroup effect (Test for
subgroup differences: Chi2=0.41,df=1 (P =0.52),12=0%; Analy-
sis 1.4). Low and middle-income countries: RR 1.00, 95% CI 0.99
to 1.01; 4 studies, 1331 participants. Heterogeneity is low (Tau?
=0.00; Chi2 =3.13, df =3 (P = 0.37); 12 = 4%). High-income coun-
tries: RR 1.01, 95% CI 0.99 to 1.02; 8 studies, 1858 participants.
There is no heterogeneity (Tau? = 0.00; Chi2 =5.08,df =7 (P =
0.65); 12 =0%).

P2 protective humoral immunity

Thetest for subgroup differences indicates that thereis a high prob-
ability of real differences between the different types of doses (Chi2
=99.08,df =3 (P <0.001), I2=97.0%; Analysis 1.5); therefore, we did
not present potentially misleading overall effect. There is probably
no difference between the treatments in terms of the number of
persons with P2 protective humoral immunity for the IPV-tOPV and
IIbO dosing schemes. IbObO may be worse than tOPV and IbObO is
probably better than bOPV.

We present below a post hoc subgroup analysis of the bOPV com-
ponent of the sequential schedule IPV-tOPV versus IPV-bOPV.

IPV-tOPV (none using bOPV)

There is probably no difference between the treatments in terms
of the number of persons with P2 protective humoral immunity for
the IPV-tOPV and IIbO dosing schemes.

« 110/1100/1110/100/I000: RR 1.00, 95% CI 0.99 to 1.01; 11 studies,
2361 participants; 12 = 0%; low-certainty evidence.

IPV-bOPV
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There is probably no difference between the treatments in terms
of the number of persons with P2 protective humoral immunity for
IIbO dosing schemes, IbObO may be worse than tOPV and IbObO is
probably better than bOPV.

 1IbO: RR 1.00, 95% CI 0.93 to 1.07; 1 study, 105 participants; 12 =
0%; moderate-certainty evidence).

« IbObO vs tOPV: RR 0.78, 95% CI 0.64 to 0.96; 2 studies, 411 par-
ticipants; 12 = 80%; low-certainty evidence).

« |IbObO vs bOPV; RR 5.80, 95% Cl 4.06 to 8.27; 1 study, 306 partic-
ipants; 12 = 0%; moderate-certainty evidence).

Subgroup analyses

« Timing of the first dose: the test for subgroup differences in-
dicates that there is no statistically significant subgroup effect
(Test for subgroup differences: Chi2 = 0.06, df =1 (P = 0.80), 12 =
0%; Analysis 1.6.)

« Type of dose sequence: the test for subgroup differences indi-
cates that there is a statistically significant subgroup effect (Test
for subgroup differences: Chi2 = 134.11, df = 5 (P < 0.001), 12
= 96.3%; Analysis 1.7). Vaccination with OPV using the 1bObO
(bOPV) (RR 0.85, 95% Cl 0.78 to 0.91; 1 study, 211 participants;
moderate-certainty evidence) and 1bOI (RR 0.82, 95% Cl 0.75
to 0.90; 1 study, 309 participants; moderate-certainty evidence)
dose sequences, or vaccination with IPV-OPV using the 1bOI (vs
bObObO) dose sequence (RR 5.85, 95% Cl 4.10 to 8.34; 1 study,
305 participants; moderate-certainty evidence) may increase
the number of persons with P2 protective humoral immunity.
There are no differences between the two treatments with the
other dose sequences.

« Country or location: the test for subgroup differences indicates
that there is no statistically significant subgroup effect (Test for
subgroup differences: Chi2 = 2.05, df = 1 (P = 0.15), 12 = 51.2%;
Analysis 1.8).

P3 humoral immunity

Vaccination with IPV-OPV may make little or no difference to the
number of people with P3 protective humoral immunity (RR 0.99,
95% CI 0.97 to 1.00; 12 studies, 3184 participants; Analysis 1.9; low-
certainty evidence). There is moderate heterogeneity (Tau? = 0.00;
Chi2=28.21, df = 16 (P = 0.03); I12 = 43%).

Subgroup analyses

« Timing of the first dose: the test for subgroup differences in-
dicates that there is no statistically significant subgroup effect
(Test for subgroup differences: Chi2 =1.20,df =1 (P =0.27),12=
16.7%; Analysis 1.10). First dose at birth: RR1.17 C1 0.87 to 1.57; 1
study, 50 participants. First dose at two months: RR 0.99 CI 0.97
to 1.01; 11 studies, 2963 participants; however, heterogeneity is
high (Tau2 = 0.00; Chi2 =29.12, df = 11 (P = 0.002); 12 = 62%).

« Type of dose sequence: the test for subgroup differences indi-
cates that there is a statistically significant subgroup effect (Test
for subgroup differences: Chi2 = 17.48, df = 3 (P < 0.001), 12 =
82.8%; Analysis 1.11). Vaccination with OPV using the 1bObO
dose sequence may increase the number of persons with P3 pro-
tective humoral immunity (RR 0.70, 95% CI 0.60 to 0.82; 1 study,
105 participants; moderate-certainty evidence). There are no
differences between the two treatments with the other dose se-
quences.

« Country or location: the test for subgroup differences indicates
that there is no statistically significant subgroup effect (Test for
subgroup differences: Chi2=0.71, df =1 (P=0.40), 12 = 0%; Analy-
sis 1.12).

Mean titres of neutralising antibodies

Six studies contributed data on this outcome (Li 2016a; Qiu 2017,
Ramsay 1994; Rennels 2000; Simasathien 1994; Sutter 1997). We ex-
cluded the oldest RCT, Faden 1990, from these analyses because
it used a very different method to measure antibody titres than
the more recent studies. In that study, sequential schemes showed
higher neutralising antibodies titre than OPV, for all serotypes ex-
cept for P3 when used only one dose of IPV:

« sequential I10: P1 mean titre = 3044; P2 mean titre = 10693; and
P3 mean titre = 2347;

« sequential I00: P1 mean titre =2174: P2 mean titre=11110; and
P3 mean titre =857; and

« sequential 000: P1 mean titre = 1470; P2 mean titre = 3378; and
P3 mean titre = 1522.

For this outcome, we only present the results of the subgroup
analyses because there was considerable statistical heterogeneity,
even in each subgroup (12 range from 83% to 97%).

P1 neutralising antibody

The test for subgroup differences indicates that there is no statis-
tically significant subgroup effect by type of dose sequence (Test
for subgroup differences: Chi2 = 3.61, df = 3 (P = 0.31), 12 = 16.9%).
None of the individual results were statistically significant and thus
we are uncertain of the effects of vaccination with IPV-OPV, com-
pared with OPV, on mean titres of P1 neutralising antibodies (Analy-
sis 1.13).

« |IbObO dose sequence: MD 362.12, 95% Cl -329.70 to 1053.94; 1
study, 125 participants; low-certainty evidence.

« 100 dose sequence: MD -181.13, 95% Cl -594.25 to 231.99; 3
studies, 606 participants; low-certainty evidence. However, het-
erogeneity is high (Tau2 = 105900.15, Chi2 = 16.07, df =2 (P <
0.001; 12 =88%).

+ 10 dose sequence: MD -244.37,95% CI-827.31 to 338.57; 3 stud-
ies/substudies, 795 participants; low-certainty evidence. How-
ever, heterogeneity is high (Tau2 = 282922.07, Chi2 = 17.51, df =
3 (P <0.001); 12 = 83%).

« 11100/III0 dose sequence: MD 439.07, 95% Cl -354.63 to 1232.77;
2 studies, 551 participants; low-certainty evidence. However,
heterogeneity is high (Tau2 = 317869.30, Chi2 =32.22,df=1 (P <
0.001); 12 = 97%).

P2 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 48.27, df = 4 (P < 0.001), 12 = 91.7%).
Vaccination with OPV using the IbObO and 1IbO dose sequences
may reduce mean titres of P2 neutralising antibodies compared to
IPV-OPV, whereas vaccination with IPV-OPV using the 100, I10, and
I1100/1110 dose sequences may make little or no difference on the
mean titres of P2 neutralising antibodies compared with OPV. See
Analysis 1.14.
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« IbObO dose sequence: MD -260.38, 95% Cl -347.21to -173.55; 1
study, 125 participants; moderate-certainty evidence.

« 100 dose sequence: MD 28.64, 95% Cl -22.16 to 79.43; 3 stud-
ies, 606 participants; low-certainty evidence. There is no hetero-
geneity (Tau? = 0.00; Chi2 = 0.20, df =2 (P = 0.91); 12= 0%).

« 1IbO dose sequence: MD -217.90, 95% ClI -305.36 to —130.44; 1
study, 125 participants; moderate-certainty of evidence of large
effect.

« 110 dose sequence: MD 267.40, 95% Cl -83.95 to 618.76; 3 stud-
ies, 667 participants; low-certainty of evidence. There is consid-
erable heterogeneity (Tau2 = 57792.38; Chi2 = 9.40, df =2 (P =
0.009); 12 = 79%).

« 1II00/IIIO dose sequence: MD 486.17, 95% Cl -698.02 to 1670.37;
2 studies, 551 participants; low-certainty evidence. There is high
heterogeneity (Tau2 = 702371.09; Chi2 = 25.67, df = 1 (P < 0.001);
12 = 96%).

P3 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 10.41, df = 4 (P = 0.03), 12 = 61.6%).
Vaccination with IPV-OPV using the IbObO, IIbO, and 110 dose se-
qguences may increase mean titres of P3 neutralising antibodies
compared to OPV, whereas vaccination with IPV-OPV using the 100
and 11100/1110 dose sequences may make little or no difference on
the mean titres of P3 neutralising antibodies compared with OPV.
See Analysis 1.15.

« |IbObO dose sequence: MD 221.03, 95% CI 9.66 to 432.40; 1 study,
125 participants; moderate-certainty evidence.

+ 100 dose sequence: MD 44.07, 95% Cl -1.47 to 89.61; 3 stud-
ies, 606 participants; low-certainty evidence. Thereis no hetero-
geneity (Tau =0.00; Chi=1.12, df=2 (P =0.57); 12=0%).

« |IbOdosesequence: MD 591.78,95% Cl 185.14 to 998.42; 1 study,
125 participants; moderate-certainty of evidence of moderate
effect.

« 110 dose sequence: MD 89.97, 95% CI 8.98 to 170.97; 3 studies,
667 participants; moderate-certainty of evidence of large effect.
Heterogeneity is moderate (Tau2 = 1653.80; Chi2=2.91,df=2 (P
=0.23); 12=31%).

« 11100/II0 dose sequence: MD 248.39, 95% Cl -180.58 to 677.37;
2 studies, 551 participants; very low-certainty evidence. Hetero-
geneity is high (Tau2 = 91317.08; Chi2 = 20.83, df = 1 (P < 0.001);
12 =95%).

Long-term mean titres of neutralising antibody

One study contributed data on this outcome (Faden 1990).

We grouped, analysed and presented the results according to P1,
P2 and P3 protective humoral immunity. We also presented the
respective results from subgroup analyses by serotype and by
scheme.

P1 neutralising antibody

Vaccination with IPV-OPV may increase the long-term mean titres
of P1 neutralising antibodies, compared to OPV (MD 0.35, 95% Cl
0.07 to 0.63; 1 study, 86 participants; Analysis 1.16; low-certainty ev-
idence; heterogeneity: Tau2 = 0.02; Chi2 = 4.33, df =3 (P = 0.23); I12
=31%).

The test for subgroup differences indicates that there is no statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 4.33, df =3 (P =0.23), 12 = 30.7%). Vac-
cination with IPV-OPV may increase the long-term mean titres of P1
neutralising antibodies, compared to OPV, but only with the 110 and
110 + O dose sequences (Analysis 1.16; low-certainty evidence).

« 100 dose sequence: MD 0.00, 95% Cl -0.48 to 0.48; 1 study, 20
participants; low-certainty evidence.

« 100 + O dose sequence: MD 0.20, 95% CI —-0.33 to 0.73; 1 study,
20 participants; low-certainty evidence.

« 110 dose sequence: MD 0.60, 95% CI 0.22 to 0.98; 1 study, 23 par-
ticipants; low-certainty evidence.

« 110 + O dose sequence: MD 0.50, 95% CI 0.01 to 0.99; 1 study, 23
participants; low-certainty evidence.

P2 neutralising antibody

Vaccination with IPV-OPV may produce minimal or no difference
on the long-term mean titres of P2 neutralising antibodies, com-
pared to OPV (MD 0.12,95% CI -0.07 to 0.31; 1 study, 86 participants;
Analysis 1.17; low-certainty evidence; heterogeneity: Tau? = 0.00;
Chi2=1.15,df=3 (P =0.77); 12 = 0%).

The test for subgroup differences indicates that there is no statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 1.15, df =3 (P = 0.77), 12 = 0%). Vacci-
nation with IPV-OPV may make little or no difference on the long-
term mean titres of P2 neutralising antibodies compared with OPV
(Analysis 1.17; low-certainty evidence).

« 100 dose sequence: MD 0.10, 95% Cl -0.26 to 0.46; 1 study, 20
participants; low-certainty evidence.

« 100 + O dose sequence: MD 0.10, 95% CI —-0.30 to 0.50; 1 study,
20 participants; low-certainty of evidence.

« 110 dose sequence: MD 0.00, 95% CI -0.38 to 0.38; 1 study, 23 par-
ticipants; low-certainty evidence.

« 110+ 0 dose sequence: MD 0.30,95% CI -0.11 to 0.71; 1 study, 23
participants; low-certainty evidence.

P3 neutralising antibody

Vaccination with IPV-OPV may produce minimal or no difference
on the long-term mean titres of P3 neutralising antibodies, com-
pared to OPV (MD 0.08,95% CI -0.29 to 0.45; 1 study, 86 participants;
Analysis 1.18; low-certainty evidence; heterogeneity: Tau2 = 0.07;
Chi2=5.92,df=3 (P =0.12); 12 = 49%).

The test for subgroup differences indicates that there is no statis-
tically significant subgroup effect by type of dose sequence (Test
for subgroup differences: Chi2 = 5.92, df =3 (P = 0.12), 12 = 49.3%).
Vaccination with IPV-OPV may increase the long-term mean titres
of P3 neutralising antibodies, compared to OPV, but only with the
110 dose sequence (Analysis 1.18; low-certainty of evidence).

« 100 dose sequence: MD -0.50, 95% Cl -1.14 to 0.14; 1 study, 20
participants; low-certainty evidence.

« 100 + O dose sequence: MD 0.00, 95% Cl -0.61 to 0.61; 1 study,
20 participants; low-certainty evidence.

« 110 dose sequence: MD 0.40, 95% Cl 0.02 to 0.78; 1 study, 23 par-
ticipants; low-certainty evidence.
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« 110+ 0 dose sequence: MD 0.20, 95% Cl -0.34 to 0.74; 1 study, 23
participants; low-certainty evidence.

Intestinal immunity

Two studies with 916 participants contributed data on this out-
come (Anand 2015; Modlin 1997).

The test for subgroup differences indicates that there is no statisti-
cally significant subgroup effect by serotype (Test for subgroup dif-
ferences: Chi2=1.25,df=2 (P =0.54), 12=0%). IPV-OPV probably in-
creases P2 and P3 poliovirus faecal excretion after OPV challenge,
compared to OPV. It may also increase or decrease P1 faecal excre-
tion after OPV challenge.

« Pl faecal excretion after OPV challenge: RR 2.24, 95% C1 0.70 to
7.12; 2 studies, 916 participants; low-certainty evidence. There
is moderate heterogeneity (Tau? = 0.53; Chi2 =3.68,df =1 (P =
0.06); 12 = 73%.

« P2 faecal excretion after OPV challenge: RR 1.78,95% Cl 1.49 to
2.14; 2 studies, 916 participants; moderate-certainty evidence.
There is no heterogeneity (Tau2 = 0.00; Chi2 =0.09,df=1 (P =
0.76);12=0).

« P3faecal extraction after OPV challenge: RR 2.35,95% CI 1.47 to
3.76; 2 studies, 916 participants; moderate-certainty evidence.
There is low heterogeneity (Tau? = 0.03; Chi2 = 1.25,df=1 (P =
0.26); 12=20%).

Thus, compared to OPV, vaccination with IPV-OPV probably in-
creases the number of people with polio faecal excretion after OPV
challenge; Analysis 1.19; moderate-certainty evidence).

Vaccination coverage in children

One ITS study that involved 28,330 participants (Group Health
Cooperative Puget Sound (GHC) = 2721 participants and Kaiser
Permanente Northern California (KPNC) = 25,609 enrollees) as-
sessed this outcome (Davis 2001). The changeover from an OPV-
only schedule to one containing IPV had little (if any) negative im-
pact on vaccine coverage (average vaccine coverage: 91.9% with
OPV and 92.4% with IPV-OPV; low-certainty evidence). There was
no difference between the two treatments (RR 1.01, 95% CI 0.96 to
1.06; Analysis 1.20; low-certainty evidence); the RR for KPNC was
1.04 (95% CI 1.00 to 1.08) and for GHC was 0.99 (95% C1 0.98 to 1.00).
This outcome had high levels of heterogeneity (Tau2 = 0.00; Chi2 =
5.69, df=1 (P =0.02); 12 =82%).

At GHC, children who received IPV were less likely to have a missed
opportunity visit by 12 months of age (odds ratio (OR) 0.46, 95% Cl
0.31 to 0.70), but this finding did not persist at 24 months of age.
At Kaiser Permanente, children who received IPV were more likely
to have a missed opportunity by 12 months of age (OR 2.06, 95% ClI
1.84 to 2.30) and 24 months of age (OR 1.50, 95% CI 1.36 to 1.67).
Use of IPV was associated with a small increase in the likelihood of
being up to date in polio vaccinations at two years of age at one
of the HMOs and, conversely, was associated with a small increase
in the likelihood of having a missed opportunity visit in the other
HMO.

Safety

Four studies involving 1948 participants assessed serious adverse
events (SAE) as classified by the Medical Dictionary for Regulato-

ry Activities Terminology (MedDRA): Anand 2015; Li 2016a; O'Ryan
2015; and Qiu 2017. The evidence suggests that vaccination with
IPV-OPV may make little or no difference to the number of persons
with SAEs compared with OPV (RR 0.88,95% CI 0.46 to 1.70; Analysis
1.21; low-certainty evidence); heterogeneity was moderate (Tau2 =
0.17, Chi2=4.93, df =3 (P = 0.18); 12 = 39%).

Sensitivity analysis

To test the robustness of the results, we performed a sensitivity
analysis by method of meta-analysis, comparing the effects of using
a random-effects model (default analysis) to a fixed-effect model
(analyses not shown). We found changes in statistical significance
only, not in the direction of the effect. The results of the following
analyses changed from non-statistically significant to statistically
significant with a random-effects model compared to a fixed-effect
model respectively.

 Analysis 1.13. Mean titres of P1 neutralising antibody:
* Sequential 110: MD -244.37,95% Cl -827.31t0 338.57,P=0.41
versus MD —453.75, 95% Cl -642.57 to -264.93, P <0.001; and
* Sequential 11100/1110: MD 439.07, 95% Cl —-354.63 to 1232.77,
P =0.28 versus MD 253.99, 95% CI 130.68 to 377.29, P < 0.001.

« Analysis 1.14. Mean titre of P2 neutralising antibody > Sequen-
tial 110: MD 267.40, 95% Cl -83.95 to 618.76, P = 0.14 versus MD
127.27,95% CI 56.53 to 198.00, P < 0.001.

« Analysis 1.15. Mean titres of P3 neutralising antibody > Sequen-
tial 1100/1110: MD 248.39, 95% Cl -180.58 to 677.37, P = 0.26 ver-
sus MD 97.56, 95% Cl 32.63 to 162.48, P = 0.003.

« Analysis 1.19. Persons with polio faecal extraction after OPV
challenge > Persons with P1 faecal excretion: RR 2.24, 95% CI
0.70 to 7.12, P = 0.17 versus RR 1.86, 95% CI 1.21 to 2.86, P =
0.005).

A post hoc sensitivity analysis including studies at low risk of bias
forallocation concealment showed anidentical effect: RR 1.00, 95%
Cl 0.99 to 1.02; 4 studies, 1303 participants; I2 = 0% (analysis not
shown).

Comparison 2: IPV-OPV versus IPV

See Summary of findings 2.

This comparison includes 10 RCTs with 4675 participants (Anand
2015; Asturias 2007; Faden 1990; Halsey 1997; Jain 1997; Modlin
1997; O'Ryan 2015; Qiu 2017; Rennels 2000; Yeh 2001). We also in-
cluded one ITS study, which included 2.7 million people (Von Mag-
nus 1984) and one study that used a mixed design (ITS + UBA analy-
sis for VAPP cases) (Alexander 2004).

Paralytic polio

Two nationwide ITS studies assessed this outcome (Alexander
2004; Von Magnus 1984). It is uncertain if IPV-OPV compared to IPV
reduces the number of wild polio cases since both studies provided
very low-certainty evidence of the effect of this outcome. We were
unable to combine the data in a meta-analysis, since the studies re-
ported the data in very different ways. Therefore, we provide a nar-
rative summary of their results.

We re-analysed the ITS data of the change from an IPV-OPV to IPV
schedule in Alexander 2004 and provided absolute change in level
and relative change in level if it was estimable. Considering the year
1997 as transition period, we obtained a change in level or 'step' of
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-1.2(95% Cl -2.9t0 0.6; -100%), a change in slope trend of 0.0 (95%
Cl-1.2to0 1.2),and an estimated effect at three years of -1.2 (95% Cl
-5.0t02.7, % not estimable) and at four years of -1.2 (95% Cl -6.2 to
3.8;-100%, representing a potential complete elimination of cases;
very low-certainty evidence).

Not considering a transition period, the ITS data showed a change
in level of -0.7 (95% CI -2.1 to 0.7; -100%), change in slope of 0.4
(95% CI-1.2 to 0.4), and estimated effect at three years of 0.1 (95%
Cl-2.5t0 2.7, % not estimable) and at four years of 0.5 (95% CI -2.9
to 3.8, % not estimable).

The polio vaccination program in the Von Magnus 1984 study in
Denmark reported 35 cases of AFP due to WPV with an IPV schedule
and 1 case with a sequential IPV-OPV schedule.

Vaccine-associated paralytic polio (VAPP) cases

No study reported on this outcome.

Vaccine-derived poliovirus

No study reported on this outcome.

Protective immune responses
Humoral and intestinal immunity

The nationwide ITS study in Denmark, Von Magnus 1984, assessed
the use of an IPV-only schedule before 1961 and the use of the se-
quential IPV-OPV schedule during the period 1973 to 1980. The me-
dian proportion of people with protective humoral response for po-
liovirus serotypes 1, 2 and 3 was 82.06%, 91.94% and 76.67% with
IPV, and it was higher with IPV-OPV: 98.44%; 97.67%; and 97.57%
respectively (low-certainty evidence).

We were able to combine data from 10 studies (4204 participants)
that provided data on this outcome (Anand 2015; Asturias 2007;
Faden 1990; Halsey 1997; Jain 1997; Modlin 1997; O'Ryan 2015; Qiu
2017; Rennels 2000; Yeh 2001.

We grouped, analysed and presented the results according P1, P2
and P3 protective humoral and intestinal immunity.

P1 protective humoral and intestinal immunity

There is no difference between the two treatments for number of
people with P1 protective humoral and intestinal immunity (RR
1.00, 95% CI 0.99 to 1.01; P = 0.96; 10 studies, 2858 participants;
Analysis 2.1; moderate-certainty evidence). There is no hetero-
geneity (Tau2 =0.00; Chi2 = 13.27, df = 12 (P = 0.35); 12 = 10%).

Subgroup analyses

The test for subgroup differences indicates that there is no statis-
tically significant subgroup effect by type of dosing sequence al-
though there is moderate heterogeneity (Test for subgroup differ-
ences: Chi2 = 4.68, df = 2 (P = 0.10), I2 = 57.3%). Compared with
IPV, vaccination with IPV-OPV using the IbOI dose sequence may in-
crease slightly the number of persons with P1 protective humoral
and intestinal immunity (RR 1.05, 95% CI 1.00 to 1.10; 1 study,
519 participants; moderate-certainty evidence. There are no differ-
ences between the two treatment with the other dose sequences:

» sequential I00: RR 1.00, 95% Cl 0.98 to 1.02; 4 studies, 572 par-
ticipants; moderate-certainty evidence; heterogeneity: Tau2 =
0.00; Chi2=2.57, df =3 (P =0.46); I2 = 0%); and

« sequential 110(0): RR 1.00, 95% Cl 0.99 to 1.01; 8 studies, 1767
participants; moderate-certainty evidence; heterogeneity: Tau2
=0.00, Chi2=1.76,df =7 (P =0.97); | = 0%.

P2 protective humoral and intestinal immunity

There is no difference between the two treatments for the number
of people with P2 protective humoral and intestinal immunity (RR
0.97,95% C10.95t0 1.00; P=0.08; 10 studies, 2907; Analysis 2.2; low-
certainty evidence). However, heterogeneity is high (Tau2 = 0.00;
Chi2=135.19, df = 13 (P < 0.001); 12 = 90%).

Subgroup analyses

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2=10.82,df=3 (P=0.01), 12=72.3%). Vac-
cination with OPV using the IbObO dose sequence may decrease
the number of persons with P2 protective humoral and intesti-
nal immunity (RR 0.76, 95% Cl 0.64 to 0.91; 2 studies, 382 partici-
pants; low-certainty evidence); however, there is considerable het-
erogeneity for this outcome (Tau2=0.01; Chi2=4.41,df=1 (P=0.04);
12="77%). There are no differences between the two treatments for:

« sequential 100: RR 1.00, 95% Cl 0.96 to 1.04; 3 studies, 227 par-
ticipants; moderate-certainty evidence; heterogeneity: Tau2 =
0.00; Chi2=0.49, df=2 (P =0.78); 12 = 0%;

« sequential 110(0): RR 1.00, 95% Cl 0.99 to 1.01; 8 studies, 1779
participants; moderate-certainty evidence; heterogeneity: Tau2
=0.00; Chi2=1.39, df =7 (P = 0.99); 12 = 0%); and

« sequential IbOl: RR 1.01, 95% CI 0.88 to 1.02; 1 study, 519 partic-
ipants; moderate-certainty evidence.

P3 protective humoral and intestinal immunity

There is no difference between the two treatments for the num-
ber of people with P3 protective humoral and intestinal immunity
(RR0.99, 95% CI 0.97 to 1.01; P = 0.27; 9 studies, 2620 participants;
Analysis 2.3; moderate-certainty evidence). There is moderate het-
erogeneity (Tau? =0.00; Chi2 =23.72, df = 11 (P = 0.01); 12 = 54%).

Subgroup analyses

The test for subgroup differences indicates that there is no statisti-
cally significant subgroup effect by any of the three types of dose
sequences (Test for subgroup differences: Chi2 = 0.52, df =2 (P =
0.77), 12 = 0%):

« sequential 100: RR 0.99, 95% Cl 0.96 to 1.02; 4 studies, 570 par-
ticipants; 12 = 0%; moderate-certainty evidence; heterogeneity:
Tau2=0.00; Chi2=4.47,df=3 (P =0.21); 12 = 33%;

« sequential 110(0): RR 0.99 Cl 0.96 to 1.01; 7 studies, 1531 partic-
ipants; 12 = 72%; low-certainty evidence; heterogeneity: Tau2 =
0.00; Chi2=21.11, df = 6 (P = 0.002); 12 = 72%; and
sequential IbOl: RR 1.01, 95% CI 0.96 to 1.05; 1 study, 519 partic-
ipants; moderate-certainty evidence.
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Mean titres of neutralising antibodies

We identified three studies for this outcome (Faden 1990; Qiu 2017;
Rennels 2000). Only two of the studies were included in the analy-
sis, Qiu 2017 and Rennels 2000. We excluded the oldest RCT, Faden
1990, from these analyses because it used a very different method
to measure antibody titres than the more recent studies. In that
study, sequential schemes showed higher neutralising antibodies
titre for all serotypes except for P3 for OPV:

« sequential Il0: P1 mean titres = 3044; P2 mean titre = 10693; and
P3 mean titre = 2347,

« sequential I00: P1 meantitres=2174; P2 mean titre=11110; and
P3 mean titre = 857; and

« sequential lll: P1 mean titre = 1954; P2 mean titre = 5835; and P3
mean titre =5187.

P1 neutralising antibody

The test for subgroup differences indicates that there is a statis-
tically significant subgroup effect by type of dose sequence (Test
for subgroup differences: Chi2 = 8.61, df = 3 (P = 0.03), 12 = 65.2%;
Analysis 2.4). Vaccination with IPV-OPV, compared to IPV, may in-
crease the mean titres of P1 neutralising antibodies across all dose
sequences shown below.

« Sequential IbObO: MD 1520.59, 95% Cl 1084.80 to 1956.38; 1
study, 127 participants; moderate-certainty evidence.

« Sequential 100: MD 799.47, 95% Cl 530.82 to 1068.12; 1 study,
127 participants; moderate-certainty evidence.

« Sequential IIbO: MD 866.53, 95% Cl 478.83 to 1254.23; 1 study,
127 participants; moderate-certainty evidence.

« Sequential 110: MD 767.90, 95% CI 337.75 to 1198.06; 2 studies,
363 participants; low-certainty evidence; heterogeneity: Tau2 =
68203.59; Chi2=3.39, df= 1 (P = 0.07); 12 = 70%).

P2 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 31.27, df = 3 (P < 0.001), 12 = 90.4%;
Analysis 2.5). Vaccination with IPV using the IbObO and IIbO se-
qguences may reduce mean titres of P2 neutralising antibodies com-
pared to IPV-OPV, whereas vaccination with IPV-OPV using the |00
and 110 sequences may increase mean titres of P2 neutralising an-
tibodies compared with IPV.

« Sequential IbObO: MD -125.93, 95% CI -174.77 to -77.09; 1
study, 127 participants; moderate-certainty evidence.

« Sequential I00: MD 142.25, 95% CI 57.65 to 226.85; 1 study, 127
participants; moderate-certainty evidence.

« Sequential [IbO: MD -83.45, 95% Cl —133.40 to —33.50; 1 study,
127 participants; moderate-certainty evidence.

« Sequential 110: MD 2224.48, 95% Cl -1145.70 to 5594.67; 2 stud-
ies, 362 participants; very low-certainty evidence of large effect;
heterogeneity: Tau = 5829599.24; Chi2 =69.81, df = 1 (P <0.001);
12 =99%.

P3 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2=7.71,df=3 (P=0.05), 12=61.1%; Analy-

sis 2.6). Compared to IPV, vaccination with IPV-OPV using the IbObO
and IIbO sequences increases mean titres of P3 neutralising anti-
bodies, but makes little or no difference when using the 100 and I10
sequences.

« Sequential IbObO: MD 327.62, 95% Cl 134.82 to 520.42; 1 study,
127 participants; moderate-certainty evidence.

« Sequential 100: MD 110.39,95% CI -77.98 to 298.76; 1 study, 127
participants; low-certainty evidence.

« Sequential IIbO: MD 698.37, 95% Cl 301.06 to 1095.68; 1 study,
127 participants; moderate-certainty evidence.

« Sequential 110: MD 184.52, 95% Cl -211.93 to 580.97; 2 studies,
360 participants; 12 = 87%; very low-certainty evidence; hetero-
geneity: Tau2 = 71965.06; Chi2 = 7.76, df = 1 (P = 0.005); 12 = 87%.

Long-term mean titres of neutralising antibody

Assingle study contributed data on this outcome (Faden 1990).

P1 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 13.89, df = 3 (P = 0.003), 12 = 78.4%;
Analysis 2.7). Of the four dose sequences, only one was statistically
significant, and suggests that vaccination with IPV-OPV using a 110
+ 0 dose sequence may increase long-term mean titres of P1 neu-
tralising antibody compared with IPV.

« Sequential 100: MD -0.20, 95% CI -0.73 to 0.33; 1 study, 37 par-
ticipants; very low-certainty evidence.

« Sequential 100 + O: MD -0.30, 95% CI —0.83 to 0.23; 1 study, 37
participants; very low-certainty evidence.

« Sequential 110: MD 0.40, 95% CI -0.04 to 0.84; 1 study, 40 partic-
ipants; very low-certainty evidence.

« Sequential 110 + O: MD 0.90, 95% Cl 0.40 to 1.40; 1 study, 40 par-
ticipants; low-certainty evidence.

P2 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 16.46, df = 3 (P < 0.001), 12 = 81.8%;
Analysis 2.8. Of the four dose sequences, only two were statistically
significant; both suggest that IPV with eithera |00 + O orallO + 0O
dose sequence may reduce long-term mean titres of P2 neutralis-
ing antibody.

« Sequential 100: MD 0.20, 95% CI -0.06 to 0.46; 1 study, 37 partic-
ipants; very low-certainty evidence.

« Sequential 100 + 0: MD -0.60, 95% CI -0.96 to -0.24; 1 study, 37
participants; low-certainty evidence.

« Sequential 110: MD 0.10, 95% CI -0.19 to 0.39; 1 study, 40 partic-
ipants; very low-certainty evidence.

« Sequential [10 + O: MD -0.40, 95% CI -0.78 to -0.02; 1 study, 40
participants low-certainty evidence.

P3 neutralising antibody

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2=8.29, df=3 (P=0.04), 12 =63.8%; Analy-
sis 2.9). None of the individual results were statistically significant
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and thus we are uncertain of the effects of vaccination with IPV-
OPV, compared with IPV, on long-term mean titres of P3 neutralis-
ing antibody.

« Sequential I00: MD -0.60, 95% ClI -1.22 to 0.02; 1 study, 37 par-
ticipants; very low-certainty evidence.

« Sequential 100 + O: MD -0.30, 95% CI -0.76 to 0.16; 1 study, 37
participants; low-certainty evidence.

« Sequential 110: MD 0.30, 95% CI -0.04 to 0.64; 1 study, 40 partic-
ipants; very low-certainty evidence.

« Sequential [0 + O: MD -0.10, 95% CI -0.46 to 0.26; 1 study, 40
participants; very low-certainty evidence.

Intestinal immunity

Three relevant studies with 2995 participants provided data on in-
testinalimmunity assessed as polio faecal excretion after OPV chal-
lenge (Anand 2015; Modlin 1997; O'Ryan 2015).

People with P1 faecal excretion

There is no difference between the two treatments for the number
of people with P1faecal excretion after OPV challenge (RR0.52,95%
C10.14 to 1.97; 2 studies, 822 participants 12 = 94%; data not shown
in analysis; very low-certainty evidence).

People with P2 faecal excretion

Thereis evidence that IPV-OPV may reduce P2 faecal excretion after
OPV challenge (RR 0.55, 95% Cl 0.31 to 0.94; 3 studies, 1351 partici-
pants; 12=94%; data not shown in analysis; low-certainty evidence).

People with P3 faecal excretion

There is evidence that IPV-OPV probably reduces P3 poliovirus fae-
cal excretion after OPV challenge compared to IPV (RR 0.39, 95% ClI
0.32 to 0.47; 2 studies, 822 participants; |12 = 0%; data not shown in
analysis; moderate-certainty evidence).

Subroup analysis: type of dose sequence

The test for subgroup differences indicates that there is a statisti-
cally significant subgroup effect by type of dose sequence (Test for
subgroup differences: Chi2 = 61.83, df = 5 (P < 0.001), 12 = 91.9%;
Analysis 2.10).

There is evidence that, compared to IPV, vaccination with IPV-OPV
probably reduces:

« P1 faecal excretion after OPV challenge with sequential ibOI
(RR 0.27, 95% Cl 0.19 to 0.39; 1 study, 519 participants; mod-
erate-certainty evidence but not with 110/1100 (RR 1.04, 95% ClI
0.59 to 1.84; 1 study, 303 participants; low-certainty evidence);

« P2faecal excretion after OPV challenge with sequential 110/1100
(RR 0.16, 95% CI 0.09 to 0.28; 1 study, 303 participants; moder-
ate-certainty evidence but not with ibOI/lIbO (RR 0.85, 95% ClI
0.6810 1.06; 2 studies, 1048 participants; low-certainty evidence;
heterogeneity: Tau2=0.02; Chi2=3.77,df=1 (P=0.05); 12 = 73%);
and

« P3 faecal excretion after OPV challenge with sequential ibOI
(RR 0.37, 95% CI 0.26 to 0.54; 1 study, 519 participants; moder-
ate-certainty evidence of large effect) and with 110/1100 RR 0.40,
95% Cl10.32 to 0.50; 1 study, 303 participants; moderate-certain-
ty evidence.

Vaccine coverage in children

No study reported on this outcome.

Safety

Two studies reported on this outcome. O'Ryan 2015 reported 81
serious adverse events (SAE), of which one was thought to possi-
bly be vaccine-related (intestinalintussusception four days after re-
ceiving the mOPV2 challenge). In Qiu 2017, no vaccine-related SAEs
were reported. Infectious pneumonia was the main SAE (10 partici-
pants, 1.67%), followed by bronchitis (four participants, 0.67%) and
hand-foot-and-mouth disease (four participants, 0.67%).

There was little or no difference between the schedules on number
of people experiencing one or more serious adverse event (vaccine
related or not) (RR 0.92, 95% CI 0.60 to 1.43; 2 studies, 1063 partici-
pants; Analysis 2.11; low-certainty evidence; heterogeneity: Tau2 =
0.00; Chi2=0.82, df=1 (P =0.37); 12= 0%).

Sensitivity analysis

To test the robustness of the results, we performed a sensitivity
analysis comparing using a random-effects model (default analy-
sis) to a fixed-effect model (analyses not shown). We found changes
in statistical significance only, not in the direction of the effect.
The results of the following analyses changed from non-statistical-
ly significant to statistically significant with a random-effects mod-
el compared to a fixed-effect model, respectively.

« Analysis 2.2. Persons with P2 protective humoral response: RR
0.97, 95% CI1 0.95 to 1.00, P = 0.07 versus RR 0.96, 95% Cl 0.94 to
0.98, P <0.001.

« Analysis 2.3.2. Persons with P3 protective humoral response >
Sequential [10(0): RR 0.99,95% CI 0.96 to 1.01, P=0.39 versus RR
0.98, 95% C1 0.97 to 1.00, P =0.03.

« Analysis 2.5.4. Mean titres of P2 neutralising antibody > Sequen-
tial 110: MD 2224.48, 95% Cl -1145.70 to 5594.67, P = 0.20 versus
MD 787.97,95% Cl 573.84 to 1002.09, P < 0.001.

« Analysis 2.10.3. Persons with polio faecal extraction after OPV
challenge > persons with P2 faecal excretion after OPV challenge
(IbOI/11b0): RR 0.85, 95% CI 0.68 to 1.06, P = 0.15 versus RR 0.86,
95% CI1 0.77 to 0.96, P = 0.007.

Comparison 3: IPV(3)-OPV versus IPV(2)-OPV

In this comparison, a single study with 137 participants reported on
one outcome only: protective humoral response (Linder 2000).

Protective immune responses: humoral and intestinal immunity

There is no difference between the two treatments for P1 (RR 0.98,
95% C10.93 to 1.03); P2 (RR 1.00,95% CI 0.97 to 1.03); or P3 (RR 1.01,
95% C10.97 to 1.05) protective humoral and intestinal response (see
Analysis 3.1; all moderate-certainty evidence, Summary of findings
3).

Subgroup analyses

The test for subgroup differences indicates that there is no statisti-
cally significant subgroup effect by type of protective humoral re-
sponse (test for subgroup differences: Chi2 =0.98, df =2 (P = 0.61),
12 = 0%).
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DISCUSSION

Summary of main results

The review includes 21 studies involving 6407 healthy infants in 16
randomised controlled trials (RCTs), 28,330 infants in one interrupt-
ed timeseries (ITS) and also four nationwide studies (from USA Den-
mark and Hungary). Below we summarise the main findings and
outstanding uncertainties by comparison.

Comparison 1: IPV-OPV versus OPV

See Summary of findings for the main comparison.

It is uncertain if IPV-OPV compared to OPV reduces the number of
wild polio cases (very low-certainty evidence); however, it may sub-
stantially reduce cases of vaccine-associated paralytic polio (VAPP)
(low-certainty-evidence).

We found no important difference between the two treatments
for the number of persons with P1, P2 and P3 protective humoral
response (moderate- and low-certainty evidence); however; for
P2; the sequential scheme IbObO may be worse than tOPV-only
scheme.

The subgroup analysis showed variability in the results for all three
poliovirus serotypes depending on the schedule used. The most
recommended schedule, two doses of IPV followed by one or more
doses of OPV (110/00), probably makes little or no difference to
the number of people with protective humoral response (moder-
ate-certainty evidence for P1 and low-certainty evidence for P2
and P3). There were no differences with other schedules with on-
ly one IPV dose for P1, but the response for poliovirus serotype
P2 may be lower with 1bOI than tOPV only scheme (low-certainty
evidence) (subgroup differences I2 = 96.3%). The response for po-
liovirus serotype P3 is probably lower with IbObO (moderate-cer-
tainty evidence) (subgroup differences 12 = 82.8%).

Two doses of IPV followed by one or more doses of OPV (110/00),
may make little or no difference to P1 mean titres of neutralising
antibodies across all types of dose sequences (low-certainty evi-
dence). There are differences for poliovirus serotypes P2 and P3.
Specifically, for P2, the 11bO and IbObO dose sequences may re-
duce meantitres of neutralising antibodies (moderate-certainty ev-
idence), whereas the 100, 110 and 1100/II10 (all low-certainty evi-
dence) dose sequences may make little to no difference (subgroup
differences: 12=91.7%). Regarding P3, vaccination with IPV-OPV us-
ing the 1bObO, I1bO, and 110 dose sequences may increase mean
titres of P3 neutralising antibodies compared to OPV, whereas us-
ing the 100 and 11100/IIO dose sequences may make little or no
difference on the mean titres of P3 neutralising antibodies com-
pared with OPV (low-certainty and very low-certainty evidence re-
spectively) (subgroup differences: 12 = 61.6%).

IPV-OPV seems to generate less mucosal immunity, since it proba-
bly increases polio virus serotype P2 and P3 faecal excretion after
OPV challenge (both moderate-certainty evidence), and it may in-
crease or decrease the number of persons with P1 polio faecal ex-
cretion after OPV challenge (low-certainty evidence).

There were no significant subgroup effects by time of first dose or
country or location.

Compared to OPV, vaccination with IPV-OPV may make little or no
difference to vaccination coverage or the incidence of serious ad-
verse events (both low certainty-evidence).

Changing the model used for analysis, from a random-effects to a
fixed-effect model, only changed the level of statistical significance
for a few outcomes (mean titres of neutralising antibodies for 110
(P1 and P2) and 11I00/INIO (P1 and P3) dose sequences, and the
number of people with P1 polio faecal excretion after OPV chal-
lenge). It did not change the direction or the interpretation of the
results.

Comparison 2: IPV-OPV versus IPV

See Summary of findings 2.

It is uncertain if IPV-OPV compared to IPV reduces the number of
wild polio cases (very low-certainty evidence). There were no data
on the number of VAPP cases.

Compared to IPV, IPV-OPV probably makes little or no difference
to the number of people with protective humoral response for po-
liovirus serotypes P1 and P3 (moderate-certainty evidence) and
makes little or no difference for P2 (low-certainty evidence). The
subgroup analysis showed no statistically significant subgroup ef-
fect for P1 and P3, but did for P2: the number of people with a pro-
tective humoral response is probably lower for P2 only, with an
IbObO sequence.

A subgroup analysis indicated differences in mean titres of neu-
tralising antibodies for poliovirus serotypes 1, 2 and 3 by type of
dose sequence. Vaccination with IPV-OPV, compared to IPV, may
increase the mean titres of P1 neutralising antibodies across all
dose sequences (low- and moderate-certainty evidence). Using the
IbObO and 11bO sequences may reduce mean titres of P2 neutralis-
ing antibodies compared to IPV-OPV, whereas using the I00 and 110
sequences may increase mean titres of P2 neutralising antibodies
compared with IPV (moderate- and very low-certainty evidence).
The IbObO and IIbO sequences increases mean titres of P3 neutral-
ising antibodies, but makes little or no difference when using the
100 and 110 sequences (very low, low, and moderate-certainty evi-
dence).

IPV-OPV probably reduces the number of people with P3 po-
liovirus faecal excretion after OPV challenge (moderate-certainty
evidence), and may reduce the number of people with P2 poliovirus
faecal excretion after OPV challenge (low-certainty evidence). How-
ever, there was no difference between the two treatments for P1
(very low-certainty evidence). A subgroup analysis by dose se-
quence showed that the following sequences probably reduce the
number of people with poliovirus faecal excretion after OPV chal-
lenge: ibOI for P1 and P3 (moderate-certainty evidence); and 110/
1100 for P2 and P3 (both moderate-certainty evidence). There was
no difference between the two treatments for the number of peo-
ple with poliovirus faecal excretion after OPV challenge with the fol-
lowing dose sequences: 110/1100 for P1; and ibOI/IIbO for P2 (both
low-certainty evidence).

IPV-OPV compared to IPV may make little or no difference to the
incidence of serious adverse events.

Changing the model used for analysis, from a random-effects to a
fixed-effect model, only changed the level of statistical significance
for a few outcomes (number of people with P2 protective humoral
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response and P3 protective humoral response with the 110(0) dose
sequence, P2 mean titres of neutralising antibodies with the 110
dose sequence, and number of people with P2 polio faecal excre-
tion after OPV challenge with the IblO/IIbO dose sequence). It did
not change the direction or the interpretation of the results.

Comparison 3: IPV(3)-OPV versus IPV(2)-OPV

See Summary of findings 3.

The only outcome assessed by this study was protective humoral
response. Three doses of IPV followed by two doses of OPV, com-
pared to two doses of IPV followed by two doses of OPV probably
makes little or no difference to the number of persons with protec-
tive humoral response (moderate-certainty evidence).

Overall completeness and applicability of evidence

Therelevance of the evidence identified in this review is completely
applicable to the review question regarding participants and inter-
ventions but not completely applicable to the reported outcomes.
Our broad systematic review, in terms of eligible study designs, al-
lowed us to deal, in part, with this limitation. The included RCTs
provided a reasonable body of evidence about immunogenicity
and short-term safety concerns. Quasi-experimental designs (most
nationwide) two ITS studies, two uncontrolled before-after (UBA)
studies, and one study that used a mixed ITS and UBA design pro-
vided uncertain evidence about wild polio cases, but probably con-
stitute the best available (albeit low-certainty) evidence regarding
the reduction of VAPP cases associated with IPV-OPV compared to
OPV. Based on these considerations we are confident in the exter-
nal validity of our review.

Considering the most recent Wordl Health Organization (WHO) rec-
ommendations, our findings align with current practice. In 2012,
SAGE recommended the replacement of trivalent OPV (tOPV; con-
taining serotypes 1, 2, and 3) with bivalent OPV (bOPV), contain-
ing only serotypes 1 and 3, in all countries by 2016, preceded by
the introduction of at least one dose of IPV in routine immunisa-
tion programmes (WHO 2012). The Polio Eradication and Endgame
Strategic Plan 2013 to 2018 recommended completion of IPV intro-
duction and globally synchronised withdrawal of OPV serotype 2 in
2016 (WHO 2015a). These recommendations are based on the fact
that wild polio virus (WPV) serotype 2 has not been detected since
1999 and serotype 3 since 2012. All cases detected from 2013 on-
wards are due to serotype 1 (WHO 2015d, WHO 2016). However, ap-
proximately 400 to 500 cases per year of VAPP are caused by OPV
(Platt 2014), which means that the cases of paralytic poliomyelitis
caused by vaccination already exceed those caused by WPV, and
are becoming the main source of polio paralysis in the world. This
means that polio-free is not polio risk-free because live-attenuat-
ed Sabin viruses from OPV could revert to virulence causing VAPP
or cVDPV (Minor 2009). Serotype 2 vaccine-related viruses continue
to induce paralysis and cause 26% of cases of VAPP in vaccinees,
31% in contacts and more than 90% of all cVDPVs (Platt 2014, WHO
2018). After SAGE's recommendation, 155 countries using OPV in
their immunisation programs changed from tOPV to bOPV (WHO
2012). This globally synchronised switch in vaccination policy, dur-
ing a two-week period, represents an historical milestone reached
in the polio eradication effort (Garon 2016). Even if the two most
recent cases of WPV, in February 2018 in Afghanistan, were the last
in the world, bOPV will not be retired until 2022 to 2023, after more
than three years have passed since the last case (Peng 2018). For

this reason, WHO also decided that at least one IPV, containing the
three serotypes of inactivated poliovirus, should be included in the
immunisation programs of countries using only OPV schemes to
protect against possible future outbreaks of poliovirus serotype 2.
The main challenge to this plan is the availability of IPV; the insuffi-
cient production of these vaccines, which is unlikely to be remedied
in the short term (Anand 2017). In an unpublished, ongoing study,
Peng and colleagues observed five new cases of VAPP in 2016 after
administration of the first dose of bOPV, due to a shortage of IPV
(Peng 2018).

Given that bOPV will continue to be used widely for several more
years, and that new cases of VAPP will inevitably occur, it is es-
sential to discuss key issues such as sequence, timing, pre-vacci-
nation contraindication screening, relative risk of VAPP with differ-
ent doses of OPV, and accessibility to IPV. A more rigorous screen-
ing of contraindications for bOPV is truly important, since the WHO
suggests that immunocompromised patients should avoid vacci-
nation with bivalent bOPV. The evidence suggests that, although
bOPV administration is much safer after IPV administration, VAPP
can still occur (Desai 2014). This finding reminds us that the detec-
tion of contraindications cannot be avoided while using OPV. The
WHO recommends one or two doses of IPV followed by at least two
doses of bOPV in countries with high vaccination coverage (greater
than 90%) and low risk of imported WPV (population movement
with similar vaccination coverage). Conversely, in countries with
endemic polio, lower vaccination coverage or high importation risk
(polio importation history or countries bordering with areas of en-
demic polio or with recurrent outbreaks), the WHO recommends
one or more doses of bOPV followed by IPV (WHO 2015d). The rea-
son for this difference is based on how WHO weights the relative
risks of VAPP versus WPV in these two classifications of countries.
There is a long-standing perception that the relative risk of VAPP
with the first dose of OPV is lower in low-income countries than in
high-income countries. This is clearly reflected in a response from
Zhang 2016 to the hypothesis posited by Asturias 2016: that IPV-
bOPV sequential administration could be safer than bOPV-IPV. As-
turias and colleagues state that, in high- and middle-income coun-
tries, the risk of VAPP is 6.6 times higher with the first dose of OPV
than with later doses, while in low-income countries, the majori-
ty of VAPP cases appear after receiving multiple, previous doses
of OPV (Asturias 2016). However, as highlighted by Peng 2018, this
conclusion comes from a misinterpretation of a single study con-
ducted in India, which showed that the risk of VAPP with the first
dose of OPV was one case per 2.8 million of doses and the risk
with subsequent doses was one case per 13.9 million doses (Kohler
2002). Therefore, the risk of VAPP with the first dose of OPV was al-
most five times greater than the risk associated with subsequent
doses. Other studies in countries of different socioeconomic status,
such as the USA (Alexander 2004), Brazil (de Oliveira 2000), China
(Wu2018) and Latin America and the Caribbean (Landaverde 2014),
showed that the risk of VAPP with the first dose of OPV was between
4 and 13 times greater than the risk with subsequent doses. Con-
sidering the history of OPV vaccination, available for 49% of the to-
tal VAPP cases, 74% of cases occurred after the first dose of OPV,
and 8%, 7%, and 11% occurred after the second, third, or fourth or
more doses, respectively (Platt 2014). Among contacts, 52% of cas-
es had never been vaccinated with OPV and the risk of VAPP with
the first dose of OPV seems more balanced, with 11%, 8%, and 28%
after receiving 1,2, or 3 or more previous OPV doses, respectively. A
low number of recipient and contact VAPP cases reported a histo-
ry of previous vaccination with IPV, almost any of these cases with
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enhanced-potency IPV, that was introduced in the late 1960s (Platt
2014). Although the studies were from tOPV, there is no reason to
think that with the bOPV it would be very different.

The evidence also suggests that the first dose of IPV can induce
seroconversion and 'priming' (rapid seroconversion a week after
challenge with OPV) in more than 90% of immunised children (Resik
2013). Asystematic review and meta-analysis of studies document-
ing seroconversion following one or two full or fractional doses
of enhanced-potency IPV showed that routine immunisation with
two full or fractional doses of IPV given after 10 weeks of age is
likely to protect more than 80% of recipients against poliomyelitis
(Grassly 2014). More importantly, we found that VAPP was substan-
tially prevented after the use of the sequential IPV-OPV scheme in
theimmunisation programs in countries regardless of theirincome
classification, suggesting that IPV makes subsequent doses of OPV
safer. Additionally, multiple intramuscular injection during the 30-
day period after immunisation with OPV was found to be a risk fac-
tor for VAPP (Strebel 1995).

The burden caused by VDPV is another problem that is becoming
increasingly important to manage. WHO databases reported 798
cases of cVDPV in 25 countries around the world between 2000 and
2016; none caused by IPV, two by IPV-OPV and the remainder of cas-
es (99.7%) caused by OPV or OPV-IPV. A proportion meta-analysis
using a random-effects model estimated an annual incidence of 14
cases of cVDPV per million. Although the cVDPV incidence is low,
thereis no evidence that cVDPV tends to disappear on its own (Ciap-
poni2017). Long-term risks include the reintroduction of poliovirus
serotype 2 from a laboratory or manufacturing facility breach, as
occurred in 2002 to 2003 in India (Deshpande 2003). For these rea-
sons, immunity levels against polioviruses should be kept as high
as possible in the population by the use of IPV, and both clinical and
environmental surveillance should be maintained as high as possi-
ble. Moreover, if the use of mMOPV serotype 2 is required to control
an outbreak, it will be easier to reach the levels of immunity nec-
essary to stop transmission in a population previously vaccinated
with IPV. Therefore, the introduction of IPV could facilitate the con-
trol of outbreaks in the future (Gentile 2016).

Many countries (n = 49, see Table 1) use IPV as the first dose in
a sequential vaccination scheme. However, according to the WHO
database of national vaccination schedules, in 2018, 89 countries
used bOPV as the first dose of a sequential or combined scheme
with IPV, and five used bOPV exclusively (WHO 2019). The decision
to use bOPV as thefirst dose is usually taken because bOPV can con-
fer early protection, since it can be administered from birth (WHO
2015d). In contrast, IPV is generally used at an older age (around
two months old), to avoid interference from maternal antibodies
and maximise immunogenicity. The initial use of bOPV is a good
policy when the risk of infection with WPV is high. However, given
that the global incidence of WPV has decreased to an unprecedent-
ed level and the relative risk of VAPP and cVDPV in low- and mid-
dle-income countries (LMICs) is not as low as previously thought, it
is perhaps time to review this recommendation.

Availability and affordability of IPV is another key issue to consider.
In countries with a shortage of IPV, two doses of intradermal fIPV
prior to bOPV could be considered (Anand 2017; WHO 2015d). In
this review, we identified a study, Anand 2015, which showed no
differences between the sequential IbOl scheme (two fIPV) and two
complete doses of IPV, and even found a slight, statistically signifi-
cant effect in favour of IbOl in the P1 protective humoral response.

In addition, a review found that two doses of flPV were more im-
munogenic than a single full dose (Anand 2017). Two doses of flPV
represent only two fifths of a full IPV dose and would attenuate the
current shortage of IPV. In fact, the scheme of two flPVs at six and
14 weeks of age has been supported by technical supervision com-
mittees and has been introduced in some affected countries (WHO
2016). However it should be considered that implementation of in-
tradermal vaccines for fIPV could be more difficult because require
trained personnel. Currently, 21 out of 49 countries using IPV-OPV
(43%) and 82 out of 86 countries using OPV-IPV (95%) apply a single
dose of IPV. Replacing this full IPV dose with two doses of fIPV, could
improve immunogenicity, reduce costs and difficult coverage in a
context of shortage of IPV (Lewis 2017).

Several economic evaluations from different settings have studied
the costs and cost-effectiveness of introducing IPV into immunisa-
tion programs (Biffi 2003; Duintjer Tebbens 2006; Duintjer Tebbens
2015; Mascarefias 2005; Miller 1996; Sartori 2015). Although incon-
sistent, their results (summarised in Table 5), provide useful evi-
dence for the design of future immunisation programs, taking in-
to consideration their different frameworks, time periods, and dis-
count over time (discounting tell us how much future benefits and
costs are worth today). One way to make IPV more affordable is to
reduce the dose by adding adjuvants (compounds that augment
the immune response to the vaccine). A systematic review sum-
marised the evidence from studies evaluating the potential efficacy
and safety of adjuvants used with IPV (Hawken 2012).

The Sabin IPV (sIPV) could also play an important role in the final
phase of global polio eradication. sIPV has high production safe-
ty and low production cost, compared with the conventional wild-
virus-derived IPV (Dong 2016). Additionally, an RCT showed that
sequential schedules of sIPV-bOPV have good safety and immuno-
genicity, with the two-dose sIPV group showing slight superiori-
ty to the one-dose sIPV group (Ye 2018). It is likely that most new
IPVs will be made with Sabin strain viruses, which reduce the risks
to the population from a breach of containment. sIPV combined
with tetanus and diphtheria toxoids and acellular pertussis vaccine
was introduced in Japan in 2012, and two stand-alone sIPVs have
been licensed for distribution in China (Modlin 2019). Additional
to availability and affordability issues, good immunisation strategy
can lead to high coverage with a new vaccine without negative im-
pact attached to other vaccines (Domingues 2014).

The main potential benefit of the sequential IPV-OPV scheme, com-
pared to OPV alone, is that it may reduce or eliminate VAPP cas-
es while limiting the risks of VDPVs and maintaining good mucos-
al immunity. The success in controlling outbreaks of polio during
the final stage of eradication will depend, to a large extent, on the
degree of immunity of the intestinal mucosa. A systematic review
found that, compared with unvaccinated individuals, IPV did not
induce intestinal mucosal immunity to reduce faecal vaccine virus
shedding after challenge with OPV (OR 0.81, 95% Cl 0.59 to 1.11)
(Hird 2012). An analytical cohort comprising 152 infants (Brickley
2018), derived from O'Ryan 2015, supports this concept; 37% of in-
fants, in the IPV-bOPV groups and 26% in the IPV-only arm had de-
tectable serotype 2-specific stool neutralisation after the primary
vaccine series and almost half of all study participants continued to
shed the virus four weeks after the challenge. However, a challenge
dose of mOPV2 induced intestinal immune responses in all groups,
reflected by statistically significant (P < 0.001) rises in serotype 2—-
specific stool neutralisation titres and immunoglobulin A concen-
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trationsin both arms, but Infants who received IPV alone presented
with inferior serotype 1 intestinal immunity than participants who
had received at least one dose of bOPV.

IPV-only shedding studies have shown that the odds of excreting
poliovirus serotype 2 after OPV challenge are similar between un-
vaccinated children and children vaccinated with two or three dos-
es of IPV (Cuba 2007; Laassri 2005). These findings reinforce con-
cerns that immunisation by inactivated, rather than live, vaccines
have the potential to maintain transmission if OPV or WPV strains
(or both) remain in circulation.

Sequential schedules that currently use bOPV (IPV-bOPV) have the
potential to achieve immunity to poliovirus serotype 2 by giving one
ormore IPV doses before bOPV, which could also prevent serotype 2
VAPP and VDPV. The overall protection rate against serotype 2 after
an IPV-bOPV-bOPV schedule would be up to 92%, compared with
the 98% to 100% noted after schedules with two or three doses of
IPV. Additionally, some benefits could arise from enhanced mucos-
al immunity due to bOPV use, following the global introduction of
IPV and switch to bOPV. The induction of cross-protective intesti-
nal immunity from bOPV to serotype 2 could provide enhanced in-
dividual immunity, and could also decrease transmission of WPV
serotype 2 or vaccine-related virus after withdrawal of tOPV from
vaccination schedules (O'Ryan 2015),

Results from a randomised trial by Lund 2015 suggest that OPV
might have beneficial, non-specific effects that reduce all-cause
mortality by 17% and possibly to a greater extent in boys than in
girls, whereas previous evidence suggests that IPV increases all-
cause mortality by 10% (Aaby 2007). Although controversial, these
results support the idea that a sequential IPV-OPV schedule might
decrease VAPP without increasing mortality (Fish 2016).

Additionally, poliovirus importations into polio-free countries
around the world represent a major concern during the final phases
of global eradication of WPV. Extended dynamic transmission mod-
els demonstrate that as population immunity declines below the
threshold required for preventing transmission, countries become
at risk for re-established transmission. All countries should invest
in active management of population immunity to avoid the poten-
tial circulation of imported live polio viruses (Thompson 2015).

Although the WHO strategy is to stop OPV vaccination completely
andreplaceit with IPVvaccination, this goal is not close yet, and the
sequential IPV-OPV vaccination schedule could have an important
role during the transition period. Our findings reinforce the applic-
ability of a sequential IPV-OPV scheme during this transition peri-
od, which could reduce inequities between high- and low-income
countries due to limited access to IPV.

Quality of the evidence

This review included 21 studies, 16 of which were RCTs involving
6407 healthy infants; 28,330 infants in one ITS and four nationwide
studies (two of which were nationwide ITSs, and two of which were
nationwide UBAs).

Below, we describe the key risk of bias of the studies (see also Fig-
ure 2; Figure 3 and Summary of findings for the main comparison;
Summary of findings 2; Summary of findings 3).

RCTs (n=16)

The number of studies at low risk of bias varied across the seven do-
mains: six studies for allocation concealment; 16 studies for blind-
ing of participants and personnel and blinding of outcome assess-
ment; four studies for incomplete outcome data; 16 studies for se-
lective reporting; seven studies for potential bias related to vested
interests and 16 studies seems to be free of other sources of bias.
Incomplete outcome data was the only domain with studies rated
at high risk of bias (n =4).

ITS studies (n=3)

Regarding protection against secular changes we considered all
three ITS studies to be at low risk of bias for the domain indepen-
dent of other changes and the number of points. Only one ITS spec-
ified the shape of the intervention effect but we considered it to be
atunclear risk of bias because we reanalysed the data as an ITS. We
rated all three ITS studies at low risk of bias for the four domains re-
lated to detection bias also, but two ITSs considered as unclear risk
of bias because they used national databases No study received in-
dustry funding and therefore we considered all studies at low risk
of bias for vested interests.

UBA studies (n=3)

We considered two of the three UBA studies to be at unclear risk of
bias for blinded assessment of primary outcomes. Although acute
flaccid paralysis (AFP) and virological testing are objective out-
comes, interpretation of VAPP is partially subjective, and we classi-
fied this as unclear risk of bias because the identification method
was not clearly stated in the report. We rated the other, remaining
study at low risk of bias on this domain.

We rated all three UBA studies at low risk of bias for primary out-
come reliability since the surveillance systems are of good quali-
ty. We also rated all three studies at low risk of bias for follow-up
issues, since national AFP surveillance suggests a complete, na-
tionwide follow-up; the follow-up period was long enough; and no
changes to the protocols were reported. No study received industry
funding and therefore we considered all three studies to be at low
risk of bias for vested interests.

For the comparisons IPV-OPV versus OPV (Summary of findings for
the main comparison) and IPV-OPV versus IPV (Summary of find-
ings 2), we downgraded the certainty of the body of evidence for
each outcome for the following reasons: study limitations (most
studies were at unclear risk of bias regarding random sequence
generation and allocation concealment), imprecision (the confi-
dence intervals (Cls) were consistent with both a clinically impor-
tant increase or reduction of the effect), and inconsistency (there
was considerable heterogeneity; however, it was in the same direc-
tion of the effect). For the comparison IPV(3)-OPV versus IPV(2)-OPV
(Summary of findings 3), we downgraded for imprecision only. We
present our reasons for downgrading the certainty of the evidence
for each outcome in the footnotes of each ‘Summary of findings’
table.

We rated the certainty of the evidence for most outcomes as low
or moderate. Overall, there is insufficient evidence to draw conclu-
sions about the effectiveness of IPV-OPV for preventing paralytic
polio, but the evidence is quite solid for VAPP, protective immune
response (humoral and intestinal) and serious adverse events.
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Potential biases in the review process

Our review methods, which followed Cochrane guidelines, were
unlikely to have introduced bias. We conducted a comprehensive
search without restriction on date or language and we undertook
independent screening of eligible studies. Although we are confi-
dent we were able to obtain most of the relevant data, our review
may have omitted important unpublished data that were not re-
ported to WHO from countries' health databases. This could be im-
portant, particularly for infrequent events like polio, VAPP or cVD-
PV cases. Another potential source of bias is that we were unable to
obtain further data from many authors of included studies to clari-
fy certain aspects of methodology that would have enabled a more
thorough assessment of the risk of bias.

Agreements and disagreements with other studies or
reviews

Our finding that IPV-OPV may reduce cases of VAPP without affect-
ing vaccination coverage or safety, compared to OPV, is consistent
with several UBA sub-nationwide studies which did not meet our
nationwide inclusion criteria. Zhao 2017, in a province-wide study
in China, assessed the introduction of one dose of IPV into Beijing's
Expanded Program on Immunization on December 2014, chang-
ing the schedule from OPV only to sequential IPV-OPV. Coverage
with the first dose of polio vaccine was maintained from 96.2% to
96.9%, similar to coverage with the first doses of diphtheria and
tetanus toxoids and pertussis vaccine (DTP; 96.5% in 2014, and
97.2% in 2015); the percentage of children who received the first
dose of polio vaccine but failed to complete the series was 1.0%
in 2015 and 0.4% in 2016, which again, was similar to that for DTP.
No cases of VAPP were identified between 2014 and 2016. Liu 2017
analysed 566,894 Chinese children, born between 2010 and 2014
and registered in Hangzhou's Immunization Information System,
who were exposed to OPV-only, IPV-only and sequential IPV-OPV,
and found consistent results with our findings. VAPP cases were de-
tected through the acute flaccid paralysis surveillance system. The
incidence of VAPP in the 2010 to 2014 birth cohorts was 3.76 per
1 million doses of OPV. Five VAPP cases were identified during the
study years; all cases occurred following the first OPV.

In the early 1970s, the WHO Consultative Group conducted an ex-
tensive epidemiological study of VAPP cases in 13 countries (Cock-
burn 1988). After 15 years of continual surveillance, they found evi-
dence that P3 strains caused most cases of post-vaccination paral-
ysis; the P1 strain was almost never implicated, suggesting that it is
safe and effective, as is the P2 strain, although occasionally, it can
cause paralysis in contacts of the vaccine. The only country where
children were primarily immunised with IPV and given reinforcing
doses of tOPV ("hidden name of the country #2 with a population of
5.1 million", quote from Cockburn 1988), reported zero confirmed
cases of VAPP (Cockburn 1988).

Platt 2014 conducted a systematic review summarising the epi-
demiology of VAPP, and estimated the global VAPP burden apply-
ing a bootstrap method. Since many high-income countries have
replaced OPV with IPV, over 90% of the VAPP burden is concentrat-
ed in low- and middle-income countries in Southeast Asia, Africa,
the Western Pacific, and Eastern Mediterranean regions. Platt 2014
estimated that the planned universal introduction of IPV is likely to
substantially decrease the global VAPP burden by 80% to 90%.

Two reviews addressed our review question. Bandyopadhyay 2018
conducted a narrative review of studies that assessed humoral and
intestinal immunogenicity induced by the newly recommended
IPV-bOPV schedules. They included five sequential and three non-
sequential IPV-bOPV RCTs and reported that differencesin serocon-
version rates were closely associated with both timing of first IPV
administration and number of doses administered. Consistent with
our larger body of evidence, they found that all studies demonstrat-
ed high levels of immunity for poliovirus serotypes 1 and 3 regard-
less of immunisation schedule, and that IPV doses and administra-
tion schedules showed limited impact on poliovirus serotype 2 ex-
cretion following challenge. They also reported that a second dose
of IPV narrows the humoral immunity gap for poliovirus serotype 2,
largely irrespective of the primary immunisation schedule.

Tang 2018 performed a systematic review and meta-analysis to
compare the immunogenicity of sequential IPV-OPV versus IPV-
alone in healthy infants. They included four case-series studies and
two RCTs. They concluded that seroconversion rates against all
three poliovirus serotypes were non-inferior and geometric mean
antibody titres were superior in sequential schedules, compared
with an IPV-only schedule. We included five additional RCTs for this
comparison in our review, and we obtained similar findings for se-
roconversion rates for all three poliovirus serotypes but different
results for mean antibody titres depending the scheme used.

AUTHORS' CONCLUSIONS

Implications for practice

Compared to OPV, sequential IPV-OPV may reduce cases of vac-
cine-associated paralytic polio (VAPP) without affecting vaccina-
tion coverage, safety, or humoral response, except P2 with sequen-
tial schemes without P2 components, but reduce mucosal immu-
nity as revealed by increased poliovirus faecal excretion after OPV
challenge for some poliovirus serotypes.

Compared to IPV, sequential IPV-OPV may make little or no differ-
ence to serious adverse events, probably make little or no differ-
ence to the number of people with protective humoral response,
may increase neutralising antibodies and probably improve mu-
cosal immunity for some polio serotypes, depending on the sched-
ule used.

Sequential schedules of two full doses of IPV, compared to three,
may provide adequate protective humoral response and may not
affect mucosal immunity against poliovirus. Both short- and long-
term antibody titres and protective response of the poliovirus
serotype 2 are probably lower using the most recent bOPV sched-
ules without this component.

Sequential schedules during the transition from an OPV to IPV-on-
ly immunisation schedule seem a reasonable option aligned with
current World Health Organization (WHO) recommendations. Our
findings could help decision-makers to optimise polio vaccination
policies, and might contribute to the expansion of IPV use in OPV-
using countries, thereby reducing inequities between countries.

Implications for research

It is mandatory to improve registers of infrequent events beyond
cases of wild polio virus (WPV), to include, for example, VAPP or vac-
cine-derived polioviruses, and to assess the impact of the recent
implementation of the WHO's recommendation to introduce of at
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least one dose of IPV in routine OPV immunisation programmes
worldwide.

It is imperative to find the most cost-effective and far-reaching
schemes in a context of scarcity of IPV in vast regions of the world.
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cine Injury Compensation Program. Although laboratory technology evolved during the study period,
polioviruses were isolated and identified using conventional procedures of inoculation of processed
specimens onto susceptible cell cultures. Isolates were then determined to be vaccine-related by 1 of
several standard molecular methods

Setting: USA

Study dates: 1990 to 2003

Participants Age: range = 19 to 35 months

Interventions To reduce the VAPP burden, national vaccination policy changed in 1997 from reliance on OPV to op-
tions for a sequential schedule of inactivated poliovirus vaccine (IPV) followed by OPV. In 2000, an ex-

clusive IPV schedule was adopted.
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Alexander 2004 (continued)

Before: exclusive use of OPV scheme 0000 (OPV at 2, 4, 12 to 18 months and again at 4 to 6 years) be-
tween 1990 and 1996

After: sequential scheme 1100 (IPV at 2 and 4 months of age followed by OP\/ at 12 to 18 months and
again at 4 to 6 years) between 1997 and 1999. 13 cases of VAPP occurred, none of them in persons who
had followed the sequential IPV-OPV or all-IPV schedules.

Outcomes « Number of confirmed paralytic poliomyelitis cases*
» Number of VAPP cases*
« Ratio of VAPP cases per number of doses of OPV distributed* that occurred before, during, and after
implementation of policy changes.
*The sources were national information systems.
Timing of outcome assessment: before, during, and after implementation of policy changes
Follow-up: 3 years
Notes The last case of poliomyelitis in the USA due to indigenously acquired wild poliovirus occurred in 1979;
however, as a consequence of oral poliovirus vaccine (OPV) use that began in 1961, an average of 9 cas-
es of vaccine-associated paralytic poliomyelitis (VAPP) were confirmed each year between 1961 and
1989.
Risk of bias
Bias Authors' judgement  Support for judgement
ITS: protection against Low risk Comment: the intervention appears to occur independently of other changes
secular changes over time for VAPP cases.
ITS: data were analysed Unclear risk Comment: data were presented but not analysed as ITS, therefore, we re-
appropriately analysed the data.
ITS: reason given for the Low risk Comment: the rationale for the yearly points is justified in the context of na-
number of points pre- and tional poliomyelitis surveillance.
post-intervention
ITS: shape of the interven-  Low risk Comment: data were analysed as an ITS but were re-analysed as time series
tion effect was specified regression models were used to analyse the data
ITS/UBA: blinded assess- Low risk Comment: outcome variable is objective (case of paralytic poliomyelitis).
ment of primary out-
come(s)
ITS/UBA: reliable primary Low risk Comment: Centers for Disease Control and Prevention has maintained nation-
outcome measure(s) al poliomyelitis surveillance since 1955.
ITS: intervention unlikely Low risk Comment: sources and methods of data collection were the same before and
to affect data collection after the intervention. The outcome variable is objective (case of paralytic po-
liomyelitis).
ITS: completeness of data Low risk Comment: data set probably covers 80% to 100% of total number of episodes
set in study
UBA: follow-up of profes- Low risk Comment: low risk of bias in the context of a proper national poliomyelitis
sionals surveillance
UBA: follow-up of patients ~ Low risk Comment: low risk of bias in the context of a proper national poliomyelitis
surveillance
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Conflict of interest

Low risk Comment: not clearly stated. Probably internal support from study authors'
affiliation institution: National Immunization Program and National Center for
Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, Geor-

gia

Anand 2015

Methods

Study design: open-label, randomised trial
Setting: Mirpur, an urban neighbourhood in Dhaka, Bangladesh

Study dates: 2012 to 2013

Participants

Sample size: 975 infants recruited from 27 November 2012 to 30 November 2013
Age: median age =44 days

Sex: male =462, female =513

Dropouts/withdrawals: not reported

Inclusion criteria: not reported

Exclusion criteria: "(1) receipt of any polio vaccine before enrolment; (2) diagnosis or suspicion of
immunodeficiency or a bleeding disorder; (3) known allergy to polio vaccines or constituents; (4) any
acute illness such as vomiting, diarrhoea or infection immediately before enrolment; and (5) an infant
who was part of a multiple birth" (quote)

Interventions

« Group A (n=203): 000 (tOPV) at 1.5, 2.5 and 3.5 months
« Group B (n=200): 000 (bOPV) at 1.5, 2.5 and 3.5 months
e Group C (n=156): Il (IPV intramuscular) at 1.5 and 3.5 months
« Group D (n=152): Il (f-IPV intradermal) at 1.5 and 3.5 months

« Group E (n=211): 10l (f-IPV intradermal, bOPV, f-IPV intradermal) at 1.5, 2.5 and 3.5 months, respec-
tively

Outcomes « Immunogenicity: seroconversion at 18 weeks of age compared to 6 weeks of age of antibodies to po-
liovirus types 1, 2 and 3 at the Centers for Disease Control and Prevention (CDC), Atlanta, USA, using
microneutralisation assay. Titres below a dilution of 1:8 were considered negative for presence of po-
liovirus antibodies. Seroconversion is defined as either seronegative participants (< 1:8 titres) who
become seropositive (= 1:8) or participants who demonstrate a 4-fold change in titres between two
specimens (e.g. a change from 1:8 to 1:32)

Timing of outcome assessment: 6, 14, and 18 weeks

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Comment: randomisation mentioned but not described

tion (selection bias)

Allocation concealment Unclear risk Comment: randomisation mentioned but not described

(selection bias)
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Anand 2015 (Continued)

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to
sessment (detection bias) be influenced by lack of blinding; adverse events may be influenced

All outcomes

Incomplete outcome data  Unclear risk Comment: 5.4% lost to follow-up

(attrition bias)
All outcomes

Selective reporting (re- Low risk Comment: reported outcomes are the same as those reported in the trial reg-
porting bias) ister (NCT01813604)

Other bias Low risk Comment: study seems to be free of other bias

Conflict of interest Low risk Comment: funded by the Centers for Disease Control and Prevention. All study

authors declare that they have no conflict of interest.

Asturias 2007

Methods Study design: open-label, randomised trial
Setting: 3 well-child public clinics, Guatemala city, Guatemala

Study dates: April to November 2004

Participants Sample size: 500 healthy, full-term infants naive to polio vaccination were recruited from April to No-
vember 2004

Age: mean =59.5 days
Sex: male =253, female =247

Inclusion criteria: "Healthy, full-term, 6-11-week old infants attending 3 well-child public clinics in
Guatemala City were eligible" (quote)

Exclusion criteria: "(1) received polio, hepatitis B (HB), Haemophilus influenzae type b (Hib), or diph-
theria-tetanus toxoids-pertussis (DTP) vaccines; (2) a history of any disease preventable by these vac-
cines; (3) a confirmed immunosuppressive condition; (4) received immunosuppressive drugs or blood-
derived products; (5) major congenital defects or serious chronic illness; (6) a history of any neurologi-
cal disorders or seizures; or (7) allergies to any component of the vaccines." (quote)

Interventions Group A (n=166): Illl at 2, 4, 6 and 12 months
Group B (n=168): 1100 at 2, 4,6 and 12 months

Group C (n=166): 0000 at 2, 4, 6 and 12 months

Outcomes « Antibody titres to poliovirus type 1, 2 and 3 (geometric mean antibody titres)
« Poliovirus detection in stool
« Local reactions (tenderness, swelling, and redness).
« Systemic adverse events (fever, irritability, lethargy, and vomiting)

Timing of outcome assessment: 2,6, 7, 12, and 13 months
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Asturias 2007 (Continued)

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Infants were randomized using a permuted block design of 6-12 at a

tion (selection bias) 1:1:1 ratio within each study"
Comment: probably done properly, since the table of baseline characteristics
of included participants is balanced

Allocation concealment Low risk Quote: "Allocation to study group was done by opening sealed, sequentially

(selection bias) numbered envelopes"

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack

and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Comment: no blinding. Objective outcome (antibody titres) is not likely to be

sessment (detection bias) influenced by lack of blinding. Diary cards and digital thermometers were used

All outcomes by parents to record adverse events. Diary cards were collected at the next
scheduled visit, and the parent was interviewed to ensure completeness of the
information. These outcomes could have an unclear risk of bias but they were
not meta-analysed.

Incomplete outcome data  Unclear risk Comment: Out of 500 infants enrolled, 444 (88.8%) were available for primary

(attrition bias) end-point analysis, and 439 (87.8%) completed the last study visit.

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Financial support: financially supported by Sanofi Pasteur. Independent

funds were used to support statistical analyses, and support for one of the au-
thors was provided by a Fogarty International Research Scientist Development
Award (grant KO1 TW006659).

Davis 2001

Methods

Study design: interrupted time series

Setting: 2 large health maintenance organisations (HMOs), USA; Group Health Co-operative Puget
Sound (GHC) in Seattle (530,000 enrollees) and Kaiser Permanente (KPNC) in Northern California (2.8

million enrollees)

Study dates: 1996 and 1997

Participants

Participants: children who were born between October 1, 1996, and December 31, 1997, resided in the
greater metropolitan areas of Seattle and the Northern California region, were continuously enrolled in
the HMO through the first year of life, and received at least 1 polio vaccination

Sample size: ~ 2721 GHC and 25,609 KPNC enrollees.
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Davis 2001 (Continued)

Age: 12 months

Interventions

Before (quarter 4, 1995 to quarter 3, 1997): 4 doses of OPV (0000)

After (quarter 4, 1996 to quarter 1, 1997): 2 doses of IPV followed by 2 OPV doses (I100). Fewer than 5%,
of GHC children and 3% of KPNC children received a mixed schedule.

Outcomes « Immunisation status at both 12 and 24 months of age
* up-to-date status
* cumulative up-to-date time
* total number of missed-opportunity visits
Timing of outcome assessment: 12 and 24 months
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
ITS: protection against Low risk Comment: The intervention appears to occur independently of other changes
secular changes over time
ITS: data were analysed Unclear risk Quote: "As the follow-up time was the same for each. child in the study, we es-
appropriately timated the relative risk of being up to date in tile IPV vs the OPV groups us-
ing Mante-Haenszel estimation on stratified cumulative incidence data. We
modelled cumulative Up-to-date time by comparing its mean value in the IPV
group with the OPV group using analysis of variance. Finally, to examine the ef-
fect of IPV on missed opportunity visits, we modelled the likelihood of having a
missed opportunity visit using logistic regression."
ITS: reason given for the Low risk Comment: the rationale for the quarterly points is justified in the context of
number of points pre- and automated immunisation tracking systems.
post-intervention
ITS: shape of the interven-  Unclear risk Comment: data were analysed as an ITS but we re-analysed the data
tion effect was specified
ITS/UBA: blinded assess- Low risk Comment: the outcome (Imunisation status) is an objective measure, data is
ment of primary out- registered by information systems.
come(s)
ITS/UBA: reliable primary Low risk Comment: both sites have automated immunisation tracking systems that al-
outcome measure(s) low for assessment of vaccination coverage by region, clinic, and individual
patient.
ITS: intervention unlikely Low risk Comment: sources and methods of data collection were the same before and
to affect data collection after the intervention. The outcome variable is objective ('up-to-date status' is
an objective measure).
ITS: completeness of data Unclear risk Comment: data set probably covers 80% to 100% of total number of episodes
set in the study
Conflict of interest Low risk Comment: this work was supported by grant R95-074 from the Centers for Dis-
ease Control and Prevention's Comprehensive Linked Data Collection of Med-
ical Events and Immunization.
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Faden 1990

Methods

Study design: open-label, randomised trial
Setting: children's hospital, Buffalo, USA

Study dates: not reported

Participants

Sample size: 123 children naive to polio vaccination

Dropouts/withdrawals: 35

Age: mean ages of children in each group ranged between 8.9 and 9.6 weeks at enrolment
Sex: not reported

Inclusion criteria: "Male and female infants 6-10 weeks old were enrolled in the study from physicians'
practices and the hospital's well child clinic. The children were free from apparent illness at the time of
immunization." (quote)

Exclusion criteria: "Children with major medical problems, in particularimmune deficiency disor-
ders, were excluded." (quote); "Patients were excluded from the efficacy analysis if they had fewer
than three visits, were >13.5 weeks old at visit 1, were given the wrong vaccine, or had an unacceptable
amount of time between visits[*]" (quote)

Interventions

Group A (n=23): 000 at 2,4 and 12 months
Group B (n=65): lll at 2 4 and 12 months
Group C (n=17):100 at 2,4 and 12 months
Group D (n=18): 110 at 2,4 and 12 months

Oral vaccine (Orimune; Lederle, Wayne, NJ) prepared in monkey kidney cells contained antigen doses
of: poliovirus type 1, 2, and 3.

Inactivated vaccine (Imovax Polio; Merieux Institute, Lyon, France) prepared in Vero cells contained
antigen doses of: poliovirus type

1.40 D antigen units (DAU); type 2, 8 DAU; and type 3.32 DAU.

Outcomes « Serum neutralising antibodies to polio virus 1,2 and 3
« Nasopharyngeal neutralising antibodies to polio virus 1,2 and 3
« Polio virus shedding
Timing of outcome assessment: 2, 4,5, 12, 13 and 60 months

Notes *"The acceptable time between visits was visit 1 (2 months) to visit 2 (4 months), 6-10 weeks; visit 2 to
visit 3 (5 months), 3-8 weeks; visit 3 to visit 4 (12 months), 6-10 months; visit 4 to visit 5 (13 months), 3-8
weeks. A patient excluded at one visit was excluded at all subsequent visits." (quote)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Infants were randomized to one of four treatment groups"

Quote: "Differences in mean age at visit 1 were not significant (P = .49, one-
way analysis of variance)."

Allocation concealment Unclear risk Comment: not described
(selection bias)
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Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: no blinding but the objective outcomes (antibody titres and po-

sessment (detection bias)

liovirus shedding) are not likely to be influenced by lack of blinding

All outcomes

Incomplete outcome data  High risk Comment: patients were excluded from the efficacy analysis if they had few-

(attrition bias) er than three visits, were > 13.5 weeks old at visit 1, were given the wrong vac-

All outcomes cine, or had an unacceptable amount of time between visits. Of the 158 chil-
dren enrolled in the study, 35 were excluded; thus, 123 were analysed and 86
of them were assessed for their long-term immunity.

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Comment: supported by grant from Merieux Institute, Miami, and National In-

stitutes of Health (Al-15939), and for long-term immunity assessment, from
Pasteur Merieux, Swiftwater, Pennsylvania

Halsey 1997

Methods

Study design: open-label, randomised trial
Setting: children's hospital, Buffalo, USA

Assessment of immunogenicity. Venous blood samples were obtained at 2, 6 and 7 months of age and
from participants at two of the study sites at 15 and 16 months of age. Polio antibody responses were
evaluated at 2, 6, 7, 15 and 16 months of age. Poliovirus-neutralising antibody titres were measured by
a micrometabolic inhibition assay in Vero cells, a modification of a method previously described.

Study dates: not reported

Participants

Sample size: 295 children aged 6-10 weeks old, recruited from 1991

Dropouts/withdrawals: 22 (12 = voluntarily withdrawn by their parents, 7 = noncompliant with study
visits, 2 = lost to follow-up, 1 = due to unusually high-pitched cry after dose 1)

Age: mean = 8.7 weeks
Sex: male =49.8%, female = 50.2%
Inclusion criteria: healthy infants 6 to 12 weeks of age

Exclusion criteria: not reported

Interventions

Group A (n = not reported): 1110 at birth, 2, 4, 6 and 15 months;
Group B (n = not reported): 11(1+0)O0 at birth, 2, 4, 6 and 15 months;

Group C (n = not reported): 11100 at birth, 2, 4, 6 and 15 months. (Measurement at month 7 was used
as Il group)
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Halsey 1997 (Continued)

Each 0.5-ml dose of IPV (IPOL™; Pasteur Merieux Connaught, Swiftwater, PA) contains 40 D antigen
units of type | (Mahoney strain), 8 D antigen units of type 2 (MEFI strain) and 32 D antigen units of type 3
(Saukett strain) poliovirus grown in Vero cell cultures.

Orimune® OPV (Lederle Laboratories, Pearl River, NY).

Outcomes « Geometric mean titre of serum polio neutralising antibodies to serotypes 1,2 and 3
+ Protective humoral response

Timing of outcome assessment: 2, 6, 7, 15 and 16 months

Follow-up: 4.6 months

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "Infants were randomly assigned to one of three groups at the time of

tion (selection bias) enrolment" In favour of a appropriate randomisation process
Quote: "Baseline characteristics were similar by study group for the 295 chil-
dren enrolled in the trial."

Allocation concealment Unclear risk Comment: not described

(selection bias)

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "All serologic testing was performed by technicians blinded to the
sessment (detection bias) study group"

All outcomes

Incomplete outcome data  Low risk Comment: 12 infants were voluntarily withdrawn from the study by their par-
(attrition bias) ents. 7 infants were noncompliant with study visits, 2 were lost to follow-up
All outcomes and 1 infant was withdrawn because of an unusual high-pitched cry after dose

1. The distribution of withdrawals was similar by study group. Information was
collected on 280 (94.9%) enrolled children at 6 months of age and 134 children
at 15 and 16 months of age.

Selective reporting (re- Low risk Comment: no evidence of selecting reporting
porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Comment: grant from Pasteur Merieux Connaught, Inc

Ivanova 2018

Methods Study design: nationwide uncontrolled before-and-after study. National AFP surveillance data from
2006 to 2013. Virological testing in WHO-accredited laboratories of faecal specimens adequately taken
and handled. VAPP cases were identified through the acute flaccid paralysis surveillance system, classi-
fied by the National Expert Classification Committee
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Ivanova 2018 (Continued)

Setting: Russian Federation

Study dates: 1998 to 2014

Participants

Participants: out of 6643 cases of AFP during the period 1998-2014, 127 cases were VAPP. 82 cases
were observed in OPV recipients (rVAPP), whereas 45 cases were observed in non-vaccinated contacts
and classified as ‘contact VAPP’ (cVAPP).

Age: the age of the patients varied from 1 month to 5.4 years (8.4 + 8.1 months old). Children younger
than 1 year constituted 74% of the group

Sex: boys were dominant (80%)

Ninety (70.9%) of the 127 VAPP patients were vaccinated against poliomyelitis. The majority of them
(85.6%) had received one dose of OPV, while 10% had received two doses, 3.3% three doses, and 1.1%
four doses.

The time between OPV administration and the onset of paralysis was 20.9 8.7 days (ranging from 2 to
35 days).

Interventions

Before: exclusive use of OPV scheme 0000 (OPV at 6, 18, 20 months; 14 years) during the period
1998-2007

After: Sequential scheme 110000 ( IPV at 3, 4.5 months; OPV at 6, 18, 20 months; 14 years) during the
period 2008-2014.

Outcomes

« Frequency of the VAPP cases presented as case per million doses of distributed and per million new-
borns. Criteria for a ‘recipient VAPP’ (rVAPP) case were poliomyelitis symptoms 6-30 days after OPV
administration, isolation of the vaccine virus, and residual paralysis 60 days after disease onset. Un-
vaccinated cases with a similar picture 6 to 60 days after contact with an OPV recipient were classified
as ‘contact VAPP’ (cVAPP) cases.

Timing of outcome assessment: 10-year period of tOPV use and a 7-year period of the use of the se-
quential IPV-tOPV.

Follow-up: 10-year period of tOPV use and a 7-year period of the use of the sequential IPV-tOPV.

Notes

The research was carried out with support from the Federal Budget of the Russian Federation allocated
for the implementation of the Polio Eradication Programme in the Russian Federation, the WHO Polio
Eradication Programme, the WHO Regional Office for Europe, and a Russian Science Foundation grant
(project No.15-15-00147). The work of OEI, KLI, and APG were partially supported by Russian academic
excellence project “5-100".

Risk of bias

Bias

Authors' judgement  Support for judgement

ITS/UBA: blinded assess-
ment of primary out-
come(s)

Unclear risk Comment: AFP and virological testing are objective outcomes; however, VAPP
requires interpretation.

ITS/UBA: reliable primary
outcome measure(s)

Low risk Comment: national AFP surveillance and virological testing of faecal speci-
mens in WHO-accredited laboratories adequately taken and handled

UBA: follow-up of profes-
sionals

Low risk Comment: national AFP surveillance suggests a complete nationwide fol-
low-up. The follow-up period was long enough. The AFP surveillance was un-
changed from 2006 through to 2014.

UBA: follow-up of patients

Low risk Comment: national AFP surveillance suggests a complete nationwide fol-
low-up. The follow-up period was long enough. The AFP surveillance was un-
changed from 2006 through to 2014.
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Ivanova 2018 (Continued)

Conflict of interest

Low risk Comment: the study was financed from the Russian Federation budget with-
in the framework of the Program for eradication of poliomyelitis in the Russian
Federation, WHO Polio eradication initiative, WHO's European Regional Bu-
reau, Russian Foundation for Basic Research (project number 15-15-00147).

Jain 1997

Methods

Study design: open-label, randomised trial
Setting: Tel Aviv, Israel

Study dates: not reported

Participants

Sample size: 150 neonates

Dropouts/withdrawals: 45 neonates; 25 from group Il and 20 from group Il
Age: neonates

Sex: not reported

Inclusion criteria: healthy term, appropriate for date, newborns

Exclusion criteria: newborns with significant problems during the first week of life

Interventions

Group IA (n =25): llI, at birth, 1.5 and 2.5 months
Group IB (n =25): 1000, at birth, 1.5, 2.5 and 3.5 months
Group Il (n=50): 0000, at birth, 1.5, 2.5 and 3.5 months
Group Ill (n=50): 000 at 1.5, 2.5 and 3.5 months

tOPV was obtained from Central Government Hospital supply. Each batch of the vaccine was tested for
potency at NICD.

The IPV used was prepared at Merieux Institute, France. Each dose provides 40, 8 and 32 D antigen units
against the three poliovirus types.

Outcomes « Seroconversion rates of neutralising antibodies to polio virus types 1,2 and 3
Timing of assessment: 6 weeks, 10 weeks and 20 weeks
Follow-up: 4.6 months

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "..all newborns who were randomly divided into three groups"

Quote: "The babies in the three groups after drop outs were comparable as re-
gards their age and sex distribution, feeding pattern socioeconomic status and
pre immunization antibody titers."

Comment: this description is insufficient to classify as high or low risk of bias
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Allocation concealment Unclear risk Comment: not described

(selection bias)

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack

and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to

sessment (detection bias)
All outcomes

be influenced by lack of blinding

Incomplete outcome data  High risk Quote: "A total of 45 neonates who dropped out from the study belonged to
(attrition bias) Group Il (25) and Group Il (20)."

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Comment: not described

Kapusinszky 2010

Methods

Study design: nationwide uncontrolled before-and-after study
Setting: Hungary
National AFP surveillance data from 1992 to 2006.

Type 3 polioviruses isolated from the stools of patients with onset of AFP were recovered from archived
specimens at the National Institute of Public Health, Budapest, Hungary.

Study dates: 1959 to 1992

Participants

Participants: Out of all vaccinated Hungarian children, 90 cases of vaccine-associated paralytic po-
liomyelitis (VAPP) were reported, 52 of which were associated with Sabin 3-related virus (76% of VAPP
cases with virologic data).

Age: range = 1 to 54 months (mean = 15.6 months, median =9 months)

Interventions

Before (from 1959 to 1992, duration 396 months) O: (mOPV1, mOPV2, mOPV3) separated by 6 weeks at
age 2-38 months

After (from 1992 to 2006, duration 168 months) I00000: IPV at 3 months, 5 tOPV

Outcomes « Frequency of the VAPP cases and the molecular characterization of these poliovirusisolates, reported
at any time during the follow-up
Follow-up: 15 years
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
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Blinding of participants Low risk

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk

sessment (detection bias)

All outcomes

ITS/UBA: blinded assess- Unclear risk Comment: AFP and virological testing are objective outcomes; however, VAPP

ment of primary out- requires interpretation.

come(s)

ITS/UBA: reliable primary Low risk Comment: In Hungary, the surveillance of AFP continued permanently with

outcome measure(s) high standards. Additianalyy, there was a molecular characterization of po-
liovirus isolates from children who contracted VAPP.

UBA: follow-up of profes- Low risk Comment: national AFP surveillance suggests a complete nationwide fol-

sionals low-up. The follow-up period was long enough.

UBA: follow-up of patients  Low risk Comment: national AFP surveillance suggests a complete nationwide fol-
low-up. The follow-up period was long enough.

Conflict of interest Unclear risk Comment: supported by the RiViGene Project (Genomic inventory, foren-

sic markers, and assessment of potential therapeutic and vaccine targets for
viruses relevant in biological crime and terrorism; Contract number: SSPE-
CT-2005-022639)

Li2016a

Methods

Study design: phase IV, randomised, open-label trial
Setting: Guangxi, China

Study dates: 2011 to 2013

Participants

Sample size: 456

Dropouts/withdrawals: 7 dropped all (voluntarily withdrawn; 4 from Group A, 2 from Group B and 1
from Group C)

Age: range = 2-3 months
Sex: not reported

Inclusion criteria: healthy infants aged 2-3 months, born at full term (> 37 weeks) and weighing > 2.5
kg, were eligible for enrolment.

Exclusion criteria: "participants in a separate clinical study, receipt of a non-study vaccine before or
during the study (excluding DTaP, Hib, BCG, and hepatitis B, which were to be administered 7 days pri-
or or after any of study vaccinations), receipt of any poliomyelitis vaccine or poliomyelitis infection or
any blood or blood-derived products before the study, congenital or acquired immunodeficiency (in
either the participant or in his/her close contacts), known hypersensitivity to any vaccine component,
and any bleeding disorder contraindicating intramuscular injection." (quote)

Interventions

Group A (n=152): 100 at 2, 3, and 4 months

Group B (n=152): 110 at 2, 3, and 4 months
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Li 2016a (continued)

Group C (n=152): 000 at 2, 3, and 4 months

Commercially available OPV and Sanofi Pasteur's IPV IMOVAX Polio.

Outcomes

« Geometric mean titter of serum polio neutralising antibodies = 8 (1/dil) to serotypes 1,2 and 3 (deter-
mined by a microneutralisation assay) pre-Dose 1, 1-month and 14-months post-Dose 3

Secondary outcomes:

« Geometric mean titres and anti poliovirus 1, 2 and 3 individual antibody titres up to 16 months post-

vaccination

« Number and percentage of participants reporting solicited injection site problems (tenderness, red-
ness, and swelling) and systemic reaction (fever (temperature), vomiting, abnormal crying, drowsi-
ness, loss of appetite, and irritability), and serious adverse events (parents/legal representatives used
diary cards) after each vaccination at day 0 up to 17 months post-vaccination

Timing of outcome assessment: pre-dose 1, 1 month post dose 3, 14 months post dose 3.

Follow-up: 16 months

Notes

ClinicalTrials.gov NCT01475539

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Unclear risk Quote: "The Sponsor’s statistics department created a 1:1:1 randomisation
tion (selection bias) list"
Comment: insufficient information about the sequence generation process
Allocation concealment Unclear risk Comment: not described
(selection bias)
Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to
sessment (detection bias) be influenced by lack of blinding; adverse events may be influenced
All outcomes
Incomplete outcome data  Low risk Comment:
(attrition bias)
All outcomes « Group A: neutralising antibodies 1 month and 14 months post-dose 3: 100%
and 97%, respectively
« Group B: neutralising antibodies 1 month and 14 months post-dose 3: 100%
and 99%, respectively
« Group C: neutralising antibodies 1 month and 14 months post-dose 3: 99%
and 98%, respectively
Selective reporting (re- Low risk Comment: the study register is available (NCT01475539) and all of the study’s
porting bias) pre-specified (primary and secondary) outcomes have been reported in the
pre-specified way.
Other bias Low risk Comment: the study appears to be free of other sources of bias.
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Conflict of interest

High risk Comment: sponsored by Sanofi Pasteur, a Sanofi Company. The study direc-
tor was the medical director of Sanofi Pasteur, China.

Linder 2000

Methods

Study design: open-label, randomised trial
Setting: Neonatal Division, Department of Pediatrics, Kalawati Saran Children's Hospital, Delhi, India

Study dates: June to December 1994

Participants

Sample size: 177 infants (127 preterm infants and 50 full-term infants)

Dropouts/withdrawals: 40 children (22 = received blood products, 3 preterm infants = with sepsis, and
15 full-term infants = withdrawn by their parents after the first blood test)

Age: neonates (preterm experimental group median age = 32 weeks, full-term control group = 40
weeks, preterm control group = 32 weeks)

Sex: male =62, female=75

Inclusion criteria: preterm infants born between June and December 1994 (gestational age 30-35
weeks, weight > 1000 g); Fifty healthy full-term infants (gestational age > 37 weeks, weight > 2500 g),
born consecutively in the morning hours between 1 June 1994 and 15 June 1994.

Exclusion criteria: not reported

Interventions

Preterm experimental? group (n=50): Il (I + O) O at birth, 2, 4 and 6 months
Full-term group (n=50): | (I + 0) O at 2, 4 and 6 months
Preterm group (n=52): 1 (1+0) O at 2,4 and 6 months

Fifty preterm infants received IPV intramuscularly within 24 hours of birth, in addition to routine recom-
mended childhood immunisations.

Fifty-two preterm infants and 35 full-term infants received routine immunisations only (routine vacci-
nation timing: HBV at birth, 1 and 6 months of age; IPV at 2 and 4 months; oral polio vaccine (OPV) at 4
and 6 months; diphtheria-tetanus- pertussis (DTP) at 2, 4, and 6 months; and Haemophilus influenzae B
vaccine at 2 and 4 months). Blood samples were taken at birth, 3 and 7 months of age from all infants,
and at 1 month of age from preterm infants only.

Outcomes « Geometric mean titre of serum polio neutralising antibodies at 7 months
« Protective humoral response at 7 months
Timing of outcome assessment: 7 months
Follow-up: 7 months

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The preterm infants were divided into a study group (group A; n =50)
and a control group (group B; n =52) by 1:1 randomisation..."
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Comment: probably done properly, since the table of baseline characteristics
of randomised participants is balanced

Allocation concealment
(selection bias)

Low risk Quote: "...using a blinded envelope drawn by the parents. All full term infants
were included in control group C."

Blinding of participants
and personnel (perfor-
mance bias)

All outcomes

Low risk Comment: no blinding but performance is not likely to be influenced by lack
of blinding in terms of intervention or co-interventions

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: no blinding but the objective outcome (antibody titres) is not likely
to be influenced by lack of blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: no lost to follow-up. At the bottom of Table 5 "A, group A (n = 50); B,
group B (n=52); C, group C (n =35)" (quote)

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Low risk Comment: this study was supported by the chief scientist of the Israel Ministry
of Health.

Modlin 1997

Methods

Study design: open-label, randomised trial
Setting: 3 Baltimore area paediatric practices, USA

Study dates: 1991 to 1993

Participants

Sample size: 510 infants

Dropouts/withdrawals: 101* (42* due to relocation or change of physician, 34* due to noncompliance
with study visits, 28* due to parental request)

Age: Not reported
Sex: male =266, female =244
Inclusion criteria: not reported

Exclusion criteria: not reported

Interventions

Group A (n=102): 110 at 2, 4, 15 months

Group B (n=105): 1100 at 2, 4, 6, 15 months
Group C(n=101):1(I1+0) 00 at 2,4, 6,15 months
Group D (n=99): Ill at 2, 4, 15 months

Group E (n=103): 000 at 2, 4, 15 months

Outcomes

o Humoralimmune response
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Modlin 1997 (Continued)

« Gastrointestinal mucosal immunity

Timing of outcome assessment: 2, 6, 15, 18 months

Notes *Exact figures taken from study report
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Infants were assigned by the Moses-Oakford randomization algo-
tion (selection bias) rithm"
Quote: "There were no meaningful differences among the study groups in sex,
race, mean age at each study visit, or withdrawal rate (data not shown)."
Allocation concealment Unclear risk Comment: not described
(selection bias)
Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to
sessment (detection bias) be influenced by lack of blinding
All outcomes
Incomplete outcome data High risk Quote: "Of the subjects, 101 (20%) withdrew from the study before the
(attrition bias) 18month visit."
All outcomes
Selective reporting (re- Low risk Comment: no evidence of selecting reporting
porting bias)
Other bias Low risk Comment: no evidence of other bias
Conflict of interest Unclear risk Comment: financially supported by Connaught Laboratories, Inc, Swiftwater,

Pennsylvania (now Pasteur-Merieux-Connaught); National Immunization Pro-
gram, Centers for Disease Control and Prevention, Atlanta

O'Ryan 2015

Methods

Study design: multi-centre, open-label, non-inferiority RCT

Setting: 6 well-child clinics in community health-care centres, Santiago, Chile

Study dates: 2013

Participants

Participants: 570 infants (51% males).

Sample size: 570 infants

Dropouts/withdrawals: 33 (20 = withdrawn by parents, 9 withdrawn due to protocol violations, 2 in-
correctly enrolled, and 2 safety dropouts)

Age: Mean =57 days
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O'Ryan 2015 (Continued)

Sex: male =283, female =275

Inclusion criteria: "healthy, full-term infants aged 8 weeks (+ 7 days) with no obvious medical disor-
ders, who weighed more than 2.5 kg at birth" (quote)

Exclusion criteria: "infants were excluded if they had a sibling who had received, or was scheduled to
receive, tOPV during the 6 months before or after the study, to avoid passive exposure to vaccine virus-
es. Other exclusion criteria were typical for vaccine studies—i.e., any disorder or treatment likely to in-
terfere with normal immune responses to vaccination, or known allergy to vaccine components. Partic-
ipants were excluded from any supplementary polio immunisation activity during the study." (quote)

Interventions

Group A (n =190): |00 at 2 months (IPV), 4.5, 6 months (bOPV)
Group B (n =192): 110 at 2 4.5 months (IPV), 6 months (bOPV)
Group C (n=188): Ill at 2, 4.5, 6 months

Participants were challenged mOPV2 at age 28 weeks (6.4 months), and obtained another blood sam-
ple 1 week later at age 29 weeks (6.7 months).

Outcomes Primary outcome:
« Seroconversion
« Antibody titres to poliovirus serotypes 1 and 3 at week 28 (age 28 weeks)
Secondary outcomes:
« Poliovirus serotype 2 responses (i.e. median titres, seroconversion and seroprotection rates, and viral
shedding) in the three study groups after the three-dose vaccination series at age 28 weeks and 29
weeks (1 week after the mOPV2 challenge)
« Safety endpoints: SAEs as defined in the protocol throughout the study period and IMEs as defined in
the protocol up to 28 days post-vaccination.
Timing of outcome assessment: weeks 8, 16, 24, 28, 29
Follow-up: 7 months
Notes Quote: "All analyses were done in a masked manner". Mail 7/24/2016
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "We did the allocation using randomisation lists supplied by the study
tion (selection bias) sponsor with blocks of 12, stratified for the six study sites"
Allocation concealment Unclear risk Comment: not described
(selection bias)
Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to
sessment (detection bias) be influenced by lack of blinding; adverse events may be influenced
All outcomes
Incomplete outcome data Unclear risk Comment: 564 (99%) infants were included in the intention-to-treat cohort
(attrition bias) and 537 (94%) were vaccinated according to protocol: group 100 (91.4%),
All outcomes group 110 (95.7%) and group 11 (94.4%). Across groups, the 33 dropouts were
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mainly due to withdrawal by parents (n = 20) or protocol deviations (n =9),
with 2 being incorrectly enrolled, and 2 dropouts because of safety (heart de-
fect and febrile seizure). Inmunogenicity and shedding analyses were done
for the per-protocol population who received all vaccinations. Safety analyses
were done in the intention-to treat population.

Selective reporting (re- Low risk Comment: the trial registration is available (NCT01841671) and all of the
porting bias) study’s pre-specified (primary and secondary) outcomes have been reported
in the pre-specified way.

Other bias Low risk Comment: the study appears to be free of other sources of bias.

Conflict of interest Low risk Comment: funded by the Bill & Melinda Gates Foundation. GlaxoSmithKline
and Sanofi Pasteur donated the vaccines to the study.

Qiu 2017

Methods Study design: multi-centre, open-label, non-inferiority RCT
Setting: Hezhou County and Zhongshan County, Guangxi Zhuang Autonomous Region of China
Study dates: from April 8 and August 23, 2015

Participants Participants: 600 healthy full-term (37 to 42 weeks) infants who weighed more than 2.5 kg at birth with
no obvious medical disorders, no polio vaccination, no immunoglobulin vaccination, with no other at-
tenuated vaccine administered in the past 14 days and no other inactivated vaccine administered.
Sample size: 600
Dropouts/withdrawals: 48 (35 = withdrawn, 5 = adverse event, 3 = protocol deviation, 3=move, 2 =
other)
Age: range = 2-3 months
Sex: male =231, female =369
Inclusion criteria: "Eligible participants were healthy full-term (37-42 weeks) infants aged 60-90 days
who weighed more than 2.5 kg at birth with no obvious medical disorders, no polio vaccination, no im-
munoglobulin vaccination, with no other attenuated vaccine administered in the past 14 days and no
other inactivated vaccine administered." (quote)
Exclusion criteria: "Participants were excluded if meet one or more of the following criteria: had or
were at risk of immunodeficiency, severe
allergic reaction, acute fever or infectious diseases, severe chronic diseases, family history of allergies,
convulsions, seizures, encephalopathy or psychiatric diseases, oral steroids during at least 14 consec-
utive days of the preceding month,auxiliary temperature equal or greater than 38.0C during the past 3
days, diarrhoea (defection frequency equal or greater than3 times per day) in the past 7 days, and par-
ticipated in other drug clinical trials." (quote)

Interventions « Group 1(n=100): 100 (bOPV)
« Group 2 (n=100): 100 (tOPV)
« Group 3 (n=100): 110 (bOPV)
« Group 4 (n=100): 10 (tOPV)
o Group 5 (n=100): Il
« Group 6 (n=100): 000 (tOPV)
Administration: 3 doses administered sequentially at 4 to 6 weeks interval after collecting baseline
blood sample
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Outcomes Primaryoutcome
« Proportion of infants with seroconversion =8 times (if pre-vaccination titre <8) and =4 times for other
participants 30 days after vaccination.
« Proportion of infants with serious adverse events 6 months after the vaccination
Secondary outcomes
« Overall seroprotection rate at 30 days after vaccination (defined as the proportion of participants with
reciprocal titre =8)
« Geometric mean of antibody titre (GMT) 30 days after vaccination
« Increase of geometric mean of antibody titre (GMI) 30 days after vaccination
« Proportion of infants with serious adverse events 6 months after vaccination
« Solicited adverse events 30 days after vaccination
Timing of outcome assessment: 30 days after last vaccination
Follow-up: 5 months
Notes NCT02785705
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Serial numbers from 1-600 were equally randomized (1:1:1:1:1:1) into
tion (selection bias) 6 sequential vaccination schedules"
Allocation concealment Low risk Quote: "Sites were provided with sealed envelopes"
(selection bias)
Blinding of participants Low risk Quote: "Considering that the formulations are different, the vaccines could
and personnel (perfor- not be completely masked (oral vs. injectable), however, the bOPV and tOPV
mance bias) vaccines could be masked"
All outcomes
Comment: performance, in terms of intervention or co-interventions, is not
likely to be influenced by lack of blinding
Blinding of outcome as- Low risk Quote: "Laboratory investigators were blinded to group assignments. A sta-
sessment (detection bias) tistician would analyze data unblinded with the allocation schedule after the
All outcomes database was locked".
Incomplete outcomedata  Unclear risk Comment: overall, 84% analysed per protocol forimmunogenicity outcomes,
(attrition bias) and 95% for safety outcomes
All outcomes
Selective reporting (re- Low risk Comment: the study register is available (NCT02785705) and all of the study’s
porting bias) pre-specified (primary and secondary) outcomes have been reported in the
pre-specified way.
Other bias Low risk Comment: the study appears to be free of other sources of bias.
Conflict of interest Low risk Comment: sponsored by Guangxi Zhuang Autonomous Region Center for Dis-

ease Prevention and Control, Fourth Military Medical University, and Beijing
Tiantan Biological Products Co, Ltd
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Ramsay 1994

Methods

Study design: open-label, randomised trial
Setting: North Hertfordshire, UK

Study dates: not reported

Participants

Sample size: 193

Dropouts/withdrawals: not reported

Age: median 9 months at entry

Sex: males in the 100 group 55% and in the 000 group 42%

Inclusion criteria: infants undergoing routine immunisation in North Hertfordshire

Exclusion criteria: no reported

Interventions

« GroupA (n=96): 000
« Group B (n=97):100

Administration: 2, 3, 4 months

Outcomes « Serum antibody titres (geometric mean titter) to poliovirus type 1,2 3
« Faecal virus excretion
Timing of outcome assessment: 5.5 months
Follow-up: 5.5 months

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Simple randomization of 200 study numbers was performed using a

computer program and children were sequentially allocated to study numbers

at recruitment.”

Allocation concealment Unclear risk Comment: not described

(selection bias)

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Comment: no blinding but the objective outcomes (antibody titres and faecal
sessment (detection bias) virus excretion) are not likely to be influenced by lack of blinding

All outcomes

Incomplete outcome data  Unclear risk Quote: "92 participants per group evaluated"

(attrition bias)

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias
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Conflict of interest

Low risk Comment: this study was funded by Action Research.

Rennels 2000

Methods

Study design: open-label, randomised trial
Setting: North Hertfordshire, UK

Study dates: not reported (the study was first presented November 14, 1998)

Participants

Sample size: 567 (between 140 and 144 children were randomly allocated to each group)
Dropouts/withdrawals: 0

Age: 2 months at entry per protocol

Sex: male = 49%, female =51%

Inclusion criteria: healthy infants between 6 and 12 weeks of age

Exclusion criteria: not reported

Interventions

Group A= DTaP + Hib + OPV; Group B, DTaP/Hib + OPV; Treatment Arm C, DTaP/Hib + IPV at 2 and 4
months and OPV at 6 months; or Treatment Arm D, DTaP/Hib + IPV

Group A (n = 144): 000 at 2,4,6 months +DTP+Hib
Group B (n =140): 000 at 2,4,6 months + DTP/Hib
Group C (n=142): 110 at 2, 4, 6,15 months

Group D: (n=141): lll at 2,4, 6 months

Administration: groups A, B, and C doses given at 2, 4, and 6 months. Doses for group C given at 2,4, 6
and 15 months

Outcomes « Antibodies
« Adverse events
« Antibodies against all administered antigens were measured at 7 months of age
« For 3 days after vaccination parents were asked to record on a diary card an evening rectal tempera-
ture and the presence and severity of systemic signs or symptoms
Timing of outcome assessment: 7 months.
Follow-up: 5 months
Notes
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Children were equally randomized to receive at ™ 2, 4 and 6 months of
age (+ 4 weeks) one of the vaccine schedules described in Table 1."

Allocation concealment Unclear risk Comment: not described
(selection bias)
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Blinding of participants Low risk Quote: "Study nurses were not blinded, but the parents did not know what
and personnel (perfor- vaccine was given at which site."
mance bias)
All outcomes Comment: performance is not likely to be influenced by lack of blinding in
terms of intervention or co-interventions
Blinding of outcome as- Low risk Quote: "Laboratory personnel were blinded as to which was the pre- and post-

sessment (detection bias)

vaccination specimen and what vaccines each subject had received."

All outcomes

Incomplete outcome data  Low risk Quote: "Twenty-one children were prematurely terminated from the study,

(attrition bias) and attempts to draw the post-Dose 3 blood specimen were unsuccessful on

All outcomes an additional 7 infants. Protocol violations occurred with 51 children during
the course of the study. Most of these were minor inaccuracies in the timing of
vaccination or blood sampling."
Quote: "There were no important differences between the results of the inten-
tion to treat and per protocol analyses"

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Comment: this work was supported by the National Institute of Allergy and In-

fectious Diseases, National Institutes of Health Contracts NO1-AI5096 (Mary-
land), NO1-AI72629 (Baylor), NO1-Al45252 (Cincinnati), NO1-Al05051 (St. Louis)
and NO1-Al5049 (Rochester). The vaccine was supplied by Aventis Pasteur.

Simasathien 1994

Methods

Study design: placebo-controlled (for both Enhanced IPV and OPV), randomised trial
Setting: Phramongkutkloa Hospital, Bangkok, Thailand

The study was conducted as part of a trial of an oral rhesus-human reassortant rotavirus tetravalent
vaccine (RRV-TV) given together with OPV. Enhanced potency inactivated poliovirus vaccine, combined
with diphtheria-tetanus-pertussis (DTP) vaccine, was compared with oral poliovirus vaccine (OPV) re-
garding immunogenicity in Thai infants, vaccinated at 2, 4 and 6 months of age.

Study dates: not reported

Participants

Sample size: 330
Dropouts/withdrawals: not reported
Age: 2 months at entry

Sex: not reported

Inclusion criteria: healthy full-term (2 37 weeks of gestation) infants with birth weight of = 2500 g were
recruited for the study at birth.

Exclusion criteria: not reported

Interventions

« Group A (n=110): 0000 at 2,4, 6,9 months (no RRV-TV)
« Group B (n=110): 0000 at 2, 4, 6,9 months + RRV-TV
« Group C(n=110): 1110 at 2, 4, 6,9 months + RRV-TV
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Simasathien 1994 (continued)

OPV (or the respective placebo) was given first in 2 drops. Parenteral immunization (DTP plus placebo
or DTP plus EIPV) was given after the oral vaccination.

A standard lot of oral poliovirus vaccine (OPV), prepared by SmithKline Beecham Biologicals (Rixensart,
Belgium) for studies with the WHO Expanded Programme on Immunization (EPI), was donated by the
manufacturer for the study. The vaccine was of the 10: 1: 3 type, and contained the following amounts
of vaccine viruses: serotype 1, 106 TCIDs serotype 2, 105 TCIDggand serotype 3, 105 TCIDgq.

EIPV lot number 311, prepared by the Dutch National Institute of Public Health and Environmental Pro-
tection (RIVM. Bilthoven, The Netherlands) was used. The EIPV contained 40 D-antigen units (12) of
serotype |, 8 DU of serotype 2, and 32 DU of serotype 3.

Qutcomes « Poliovirus antibody responses in groups (A) and (C) at 12 months.
Timing of outcome assessment: 12 months.
Follow-up: 10 months
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "The randomization was done by World Health Organization in Gene-
tion (selection bias) va..."
Comment: not described
Allocation concealment Low risk Quote: "The randomization was done by WHO in Geneva, and the manufac-
(selection bias) turers were requested to code their vaccines accordingly. The code was held
in Geneva and was not made available to the investigators until completion of
the study."
Blinding of participants Low risk Comment: placebo-controlled trial
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: probably blinded. Additionally, the objective outcome (antibody
sessment (detection bias) titres) is not likely to be influenced by lack of blinding.
All outcomes
Incomplete outcome data  Unclear risk Comment: 15% of patients were unavailable for serology at 12 months
(attrition bias)
All outcomes
Selective reporting (re- Low risk Comment: no evidence of selecting reporting
porting bias)
Other bias Low risk Comment: no evidence of other bias
Conflict of interest Low risk Comment: the study was financially supported by the Diarrhoea Diseases Con-
trol Programme, WHO.
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Sutter 1997

Methods

Study design: placebo-controlled (for both IPV and OPV), randomised trial
Setting: Sohar Hospital, North Batinah, Oman

Study dates: not reported

Participants

Sample size: 547

Dropouts/withdrawals: not reported

Age: mean = 32.6 weeks at 7-month OPV vaccination
Sex: not reported

Inclusion criteria: infants born at the Sohar regional hospital in North Batinah were randomised at
birth

Exclusion criteria: not reported

Interventions

Group 1 (n=185): 0000 (01) 00 at birth, 1.5, 2.5 and 3.5 weeks, and 6, 7, and 9 months
Group 2 (n=172):0 (O +1) (O+1) (O+1) (01) 00 at birth, 1.5, 2.5, and 3.5 weeks, and 6, 7 and 9 months
Group 3 (n=190): 11l (O1) OO at birth, 1.5, 2.5, and 3.5 weeks, and 6, 7, and 9 months

Placebo for IPV was diphtheria-tetanus toxoid-pertussis vaccine; placebo for OPV was molar magne-
sium chloride.

IPV was manufactured by Pasteur-Merieux Serums et Vaccins (Lyon, France) and formulated to contain
40, 8, and 32 D antigen units of poliovirus types 1, 2, and 3, respectively, and was combined with DTP
per 0.5 mL dose. OPV was manufactured by SmithKline Beecham Biologicals (Rixensart, Belgium)

QOutcomes » Seroprevalence
« Geometric mean titres (GMTs)
Timing of outcome assessment: 6 and 10 months.
Follow-up: 10 months
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "...were randomized at birth"
tion (selection bias)
Allocation concealment Unclear risk Comment: not described
(selection bias)
Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions
mance bias)
All outcomes
Blinding of outcome as- Low risk Comment: probably blinded. Additionally, the objective outcome (antibody
sessment (detection bias) titres) is not likely to be influenced by lack of blinding.
All outcomes
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Sutter 1997 (Continued)

Incomplete outcome data  Unclear risk Comment: not reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Low risk Comment: financial support received from Global Programme for Vaccines

and Immunization, WHO, Geneva, using funds donated by the governments of
Finland and Sweden, the Rockefeller Foundation, and the United Nations De-
velopment Programme

Von Magnus 1984

Methods

Study design: interrupted time series. National surveillance data from 1935 to 1980 for cases of con-
firmed paralytic poliomyelitis. Recollection of paired serum samples for type 1 antibodies

Setting: Denmark

Participants

Sample size: 2.7 million people. In connection with the vaccination, paired serum samples from 300 in-
dividuals were collected and examined for type 1 antibodies

Age: younger than 40 years of age

Interventions

Before: Il from 1961-1967
After: 111000 from 1968-1973

In the years between 1962 and 1967 the polio vaccination program in Denmark consisted of three in-
jections of inactivated poliovirus vaccine (IPV). From 1968 onwards the polio vaccination program
changed to include three injections of IPV when children are five, six, and 15 months of age and three
vaccinations with tOPV administered at the age of three, four, and five years.

Outcomes « Number of paralytic poliomyelitis cases. Cases that occurred in close relation to the vaccinations were
considered as confirmed and the other as doubtful
« Percentage of persons, by age in years, with antibodies to type 1, 2 and 3 poliovirus, 1954, 1961, and
1973
« Geometric mean titter of serum antibodies for all 3 types
« Acceptance rate
Follow-up: 13 years
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
ITS: protection against Low risk Comment: intervention appears to occur independently of other changes over
secular changes time
ITS: data were analysed High risk Comment: crude numbers
appropriately
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Von Magnus 1984 (Continued)

ITS: reason given for the Low risk Comment: rationale for the yearly points is justified in the context of national
number of points pre- and surveillance system
post-intervention

ITS: shape of the interven-  Unclear risk Comment: data were not analysed as an ITS but we re-analysed the data.
tion effect was specified

ITS/UBA: blinded assess- Low risk Comment: The outcomes 'paralytic poliomyelitis cases' and 'antibody titres'
ment of primary out- are objective. The source were national information systems.

come(s)

ITS/UBA: reliable primary Low risk Number of paralytic poliomyelitis cases. Cases occurred in close relation to the
outcome measure(s) vaccinations were considered as confirmed and the other as doubtful. Anti-

body titres is a more objective outcome.

ITS: intervention unlikely Unclear risk Comment: sources and methods of data collection were the same before and
to affect data collection after the intervention. The outcome variables are objective measures.

ITS: completeness of data Unclear risk Comment: unclear report

set

Conflict of interest Low risk Study supported by the Epidemiology Department and the Enterovirus De-

partment,Statens Seruminstitut, Copenhagen, Denmark.

West 2001

Methods Study design: open-label, randomised trial
Setting: 3 sites, USA
Study dates: not reported

Participants Sample size: 126 healthy infants
Dropouts/withdrawals: 5 infants did not receive all 3 vaccines.
Age: not reported
Sex: male =72, female =54
Inclusion criteria: "Healthy infants approximately 2 months of age, who had previously received a
dose of monovalent HB vaccine shortly after birth and had a negative history for both Hib disease and
HBV infection, were recruited for the study" (quote)
Exclusion criteria: not reported

Interventions 2 treatment groups one in which infants were given diphtheria-tetanus-pertussis whole cell vaccine
(DTP) + IPV at two months followed by two OPV doses and the other group received DTP + OPV at 2
months followed by two further OPV doses
e Group 1 (DTP +IPV): (n=NR): 100 at 2, 4, 6, months
« Group 2 (DTP + OPV): (n=NR): 000 at 2, 4, 6, months

Outcomes « Antibody responses against poliovirus types 1,2 and 3
« Adverse events. Parents or guardians were given report cards and asked to record daily any injection

site or systemic adverse events.
Timing of outcome assessment: 6 months
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Follow-up: 14 months

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "Infants were randomly allocated (1: 1) to 1 of 2 treatment groups des-
tion (selection bias) ignated DTP/IPV and DTP+OPV"

Allocation concealment Unclear risk Comment: not described

(selection bias)

Blinding of participants Low risk Comment: no blinding but performance is not likely to be influenced by lack
and personnel (perfor- of blinding in terms of intervention or co-interventions

mance bias)

All outcomes

Blinding of outcome as- Low risk Comment: no blinding but objective outcome (antibody titres) is not likely to
sessment (detection bias) be influenced by lack of blinding

All outcomes

Incomplete outcome data  Unclear risk Comment: not reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk This study was supported financially by the Merck Research Laboratories.

Yeh 2001

Methods

Study design: open-label, randomised trial
Setting: 3 Southern California Kaiser Permanente Health Care Program clinics, USA

Study dates: not reported

Participants

Sample size: 400 healthy infants

Dropout/withdrawals: 53 (2 due to adverse events that were determined to be unrelated to the vac-
cine); and "follow-up venipuncture was refused by the parents of an additional 15 subjects" (quote)

Age: mean age of 1.9 months (1.2 to 3.1) for the first dose, 3.9 months (3.0 to 6.2) for the second dose,
5.9 months (4.8 to 7.8) for the third dose and 14.1 months (13.0 to 17.0) for the booster dose.

Sex: not reported
Inclusion criteria: healthy infants

Exclusion criteria: "Subjects were excluded from participation if they: were younger than 6 weeks or
older than 12 weeks at entry; had rectal temperatures 100.4°F (immunizations deferred); had received
blood products orimmunoglobulin, including hepatitis Bimmunoglobulin; were born to a mother
known to be HIV-positive or HBsAg-positive; had major congenital defects or other serious illnesses;
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Yeh 2001 (Continued)

had a history of neurologic disorder or seizures; had known or suspected immune dysfunction or fami-
ly history of congenital immune dysfunction; had history of prior receipt of any vaccine; had history of
hypersensitivity to yeast or any components of the vaccines; had an immunocompromised household
member known or one known to be HBsAg-positive; or had no telephone access." (quote)

Interventions

Group A (n=100): Ill at 2, 4, 6 months
Group B (n=100): 110 at 2, 4, 6 months
Group C (n=100): Ill at 2, 4, 6, 15 months

Group D (n=100): 000 at 2,4, 6 months

Outcomes « Serum antibody titres to each of 10 antigens: diphtheria, tetanus, pertussis toxin (PT), pertactin and
filamentous hemagglutinin (FHA)] and the hepatitis B surface antigen (HBsAg) Hib-polyribosylribitol
phosphate (PRP) and polio types 1,2 and 3
« Safety: local (redness, swelling and soreness) and systemic (fever, unusual crying, diarrhoea, sleep
more than usual) reactions after the primary series and after booster doses
Timing of outcome assessment: 7 months, 16 months
Notes
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "Subjects were prospectively randomized into 4 equal study groups.

tion (selection bias) There were no significant differences among groups by age, gender or race/
ethnicity."

Allocation concealment Unclear risk Comment: not described

(selection bias)

Blinding of participants Low risk Quote: "Given the different types of oral and injectable vaccines and their dif-

and personnel (perfor- ferent schedules, the blinding of parents and clinical investigators could not

mance bias) be assured"

All outcomes
Comment: performance is not likely to be influenced by lack of blinding in
terms of intervention or co-interventions

Blinding of outcome as- Low risk Quote: "...however, all laboratory evaluations were performed blindly"

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Comment: 9% to 14% lost to follow-up at 7 months and 38% to 69% lost to fol-

(attrition bias) low-up at 18 months

All outcomes

Selective reporting (re- Low risk Comment: no evidence of selecting reporting

porting bias)

Other bias Low risk Comment: no evidence of other bias

Conflict of interest Unclear risk Comment: study was supported by a grant from GlaxoSmithKline Biologicals

Most used acronyms
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AFP: acute flaccid paralysis ; IPV: inactivated poliovirus vaccine; ITS: interrupted time series; OPV: oral poliovirus vaccine; RCT: randomised
controlled trial; VAPP: vaccine-associated paralytic polio; UBA: uncontrolled before-and-after studies; WHO: World Health Organization.

See all acronyms in Appendix 1

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Li 2016b Ineligible intervention: any sequential IPV-OPV among the four trials summarised in this study
McCollough 1969 Ineligible study design: uncontrolled before and after study

Moiseieva 2002 Ineligible study design: not a randomised controlled trial

Swartz 1998 Ineligible study design: cohort study

Wattigney 2001 Ineligible study design: less than three points after intervention to be considered as a short inter-

rupted time series

Ye 2018 Ineligible intervention: sequential schedules of IPV made from sabin strain (sIPV) and not from

WPVs

IPV-OPV: sequential inactivated poliovirus vaccine-oral poliovirus vaccine; sIPV: Sabin IPV; WPV: wild poliovirus.

Characteristics of ongoing studies [ordered by study ID]

NCT02412514

Trial name or title Public title: Intestinal humoral immunity of sequential polio vaccination schedules
Scientific title: Assessing the intestinal and humoral immunity of sequential schedules of inacti-
vated poliovirus vaccine and bivalent oral poliovirus vaccine for routine childhood immunization in
Bangladesh

Methods Design: randomised, open-label trial

Participants Location: Dhaka, Bangladesh
Participants: healthy infants
Sample size: 456
Age: 6 weeks (range: 42-48 days)

Interventions Arm A (1+0)00: IPV + bOPV, bOPV and bOPV, administered at 6, 10, and 14 weeks, respectively
Arm B (100): IPV, bOPV and bOPV, administered at 6, 10, and 14 weeks, respectively

Outcomes Primary outcomes

« Change in type 1 and 3 excretion of vaccine poliovirus particles in stool one week after adminis-

tration of the bOPV challenge dose (time frame: 1 week).

« Changeintype 1,2 and 3 poliovirus antibody responses prior to administration of poliovirus vac-
cinations compared to after completion of poliovirus vaccinations (time frame: 12 weeks).

Secondary outcome

« Change in type 1 and 3 excretion of vaccine poliovirus in stool two weeks after administration of

the bOPV challenge dose at 18 weeks of age.

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



: Cochrane Trusted evidence.
= L- b Informed decisions.
i Ibrary Better health. Cochrane Database of Systematic Reviews

NCT02412514 (Continued)

Starting date Start date: April 2015

Completion date: December 2015

Contact information Sponsor: Centers for Disease Control and Prevention
Collabator: International Centre for Diarrhoeal Disease Research, Bangladesh

Principal Investigator: not stated

Notes Recruitment status: completed
NCT03430349
Trial name or title Public title: Phase 1 novel live attenuated serotype 2 oral polio vaccine study in IPV primed adults
(nOPV2M4a)

Scientific title: A phase 1 study to evaluate the safety and immunogenicity of 2 novel live attenu-
ated serotype 2 oral poliovirus vaccines, in healthy adults previously primed with inactivated polio
vVaccine (IPV)

Methods Design: RCT, phase 1 study; designed to evaluate, in contained conditions, the safety, immuno-
genicity, shedding and genetic stability of nOPV2 vaccine candidates in IPV-primed adults before
testing in a larger adult and adolescent (> 15 years of age) population, and then in young children
and infants; triple blinding (participant, care provider, investigator)

Participants Location: Antwerp, Belgium
Participants: IPV-primed adults
Sample size: 30

Age: 18 to 50 years

Interventions Novel OPV2 candidate vaccine 1 & 2. The study will be conducted with each candidate vaccine se-
quentially: Quote: "After randomization of the first subject of group 1 the next 14 subjects will all
be enrolled in the same Group and receive the same nOPV2 candidate and the next 15 subjects will
be enrolled in the other Group and receive the corresponding nOPV2 candidate. Prior to the start of
the study the CRO will provide the site with 2 randomization envelopes for the first subject. By ran-
domly choosing 1 of the envelopes first subject will be dedicated to a certain nOPV2 candidate and
this will determine the allocation of the next 14 subjects to the same Group."

Outcomes Primary outcomes

« Safety - serious AE and severe AE (time frame: until day 42)

« Viral shedding - PCR positivity and concentration of shed virus (time frame: through study com-
pletion, up to 14 weeks)

Secondary outcomes

« Safety - solicited AE (time frame: day 0-7)

« Safety - unsolicited AE (time frame: through study completion up to 14 weeks)

« Immunogenicity - median antibody titres (time frame: at day 0 and 28)

« Immunogenicity - seroprotection (time frame: at day 0 and 28)

« Immunogenicity - seroconversion (time frame: at day 28)

« Viral shedding - neurovirulence (time frame: through study completion up to 14 weeks)

Other outcome measures
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» Exploratory - genetic stability (time frame: through study completion up to 14 weeks)

« Exploratory - nasopharyngeal swabs (time frame: at day 0, 3, 7 and last day of containment (day
28))

Starting date

Start date: 22 May 2017

Completion date: 30 July 2018 (estimated)

Contact information

Sponsor: Dr Pierre van Damme (Centre for the Evaluation of Vaccination)

Collaborators: Bill and Melinda Gates Foundation; Centers for Disease Control and Prevention;
PATH; Celerion
Principal investigator: Dr Pierre van Damme (Centre for the Evaluation of Vaccination)

Notes

Recruitment status: active, not recruiting

NCT03614702

Trial name or title

Public title: Clinic trial to evaluate the safety and immunogenicity by different sequential sched-
ules of bOPV and IPV

Scientific title: Safety and immunogenicity evaluation of different sequential immunization
schedules of type 1 +2 bivalent oral poliovirus vaccine(bOPV) co-administered with inactived po-
liovirus vaccine (IPV) in infants aged 2 months: a randomized, double blind, single centre, parallel
trial

Methods

Design: randomised, double-blind, single-centre, parallel trial

Participants

Location: Guangxi Province, China
Participants: infants
Age: 2 months

Sample size: 1200

Interventions

« 1ldosecIPV+2doses bOPV
« 1ldoseslIPV+2doses bOPV
» 2doses cIPV+1dose bOPV (candy
o 2dosessIPV+1dose bOPV (candy
o 2doses cIPV+ 1 dose tOPV (candy)
» 2dosessIPV+1dose tOPV (Candy)
» 1ldosecIPV+2 doses bOPV (liquid)\
« 1ldoseslPV+2doses bOPV (liquid)
« 2doses cIPV+ 1 dose bOPV (liquid)
« 2dosessIPV+1dose bOPV (liquid)
« 2doses cIPV+ 1 dose tOPV (liquid)
» 2dosessIPV+1dosetOPV (liquid)

candy
candy

)
)
)
)

Outcomes

Primary outcomes

« Antibody titres of anti-poliovirus antibodies in serum of children who received 2 doses cIPV/sIPV
+1 dose tOPV or 2 doses cIPV/sIPV + 1 dose bOPV (time frame: at the 28 days after finishing the
3rd dose)

Secondaary outcomes
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« Safety: number of AEs and serious AEs (time frame: within 28 days after each dose injection)
« Long-term safety: number of serious AEs (time frame: up to 6 months after finishing the 3rd dose)

« Antibody titres of anti-poliovirus antibodies in serum of children who received 1 dose cIPV/sIPV +
2 doses bOPV (candyy/liquid) or 2 doses cIPV/sIPV + 1 dose bOPV (time frame: at the 28 days after
finishing the 3rd dose)

Other outcomes

« Viral shedding (time frame: before the second dose, 7 days after the second dose, 14 days after
the second dose, 28 days after the second dose, 7 days after the third dose, 14 days after the third
dose, 28 days after the third dose)

Starting date Start date: 15 September 2015

Completion date: August 2016

Contact information Sponsor: Chinese Academy of Medical Sciences
Collaborator: Guangxi Province Center for Diseases Control and Prevention

Principal Investigator: Zhaojun Mo

Notes Recruitment status: completed

AE: adverse events; bOPV: bivalent oral polio vaccine; CRO: country responsible officer; IPV: inactivated polio vaccine; cIPV: conventional
inactivated polio virus; nOPV2: novel monovalent oral type 2 polio vaccine; RCT: randomised controlled trial; PCR: polymerase chain re-
action; sIPV: Sabin strain of inactivated polio vaccine; tOPV: trivalent oral polio vaccine.

DATA AND ANALYSES

Comparison 1. IPV-OPV versus OPV

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 Persons with P1 Protective humoral re- 12 3189 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]

sponse 95% Cl)

2 Persons with P1 Protective humoral re- 12 3189 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]

sponse by time of first dose 95% Cl)

2.1 First dose at birth 1 50 Risk Ratio (M-H, Random, 1.04[0.91, 1.20]
95% Cl)

2.2 First dose at 2 month 11 3139 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

3 Persons with P1 Protective humoral re- 12 3189 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]

sponse by type of dose sequence 95% Cl)

3.1 Sequential 100/I000 5 695 Risk Ratio (M-H, Random, 1.00[0.98, 1.01]
95% Cl)

3.2 Sequential 110/1100/1110 8 1772 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 78

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



O

Cochrane
Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

3.3 Sequential 101 2 722 Risk Ratio (M-H, Random, 1.03[0.93, 1.14]
95% Cl)

4 Persons with P1 Protective humoral re- 12 3189 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]

sponse by countries' income 95% Cl)

4.1LMIC 4 1331 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

4.2 HIC 8 1858 Risk Ratio (M-H, Random, 1.01[0.99, 1.02]
95% Cl)

5 Persons with P2 Protective humoral re- 12 Risk Ratio (M-H, Random, Subtotals only

sponse 95% Cl)

5.1 IPV-tOPV 11 2361 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

5.211bO 1 105 Risk Ratio (M-H, Random, 1.0[0.93,1.07]
95% Cl)

5.31bOb0O vs tOPV 2 411 Risk Ratio (M-H, Random, 0.78 [0.64, 0.96]
95% Cl)

5.4 1bObO vs bOPV 1 306 Risk Ratio (M-H, Random, 5.80 [4.06, 8.27]
95% Cl)

6 Persons with P2 Protective humoral re- 12 3186 Risk Ratio (M-H, Random, 1.02[0.98, 1.06]

sponse by time of first dose 95% Cl)

6.1 First dose at birth 1 50 Risk Ratio (M-H, Random, 1.05[0.87, 1.26]
95% Cl)

6.2 First dose at 2 month 11 3136 Risk Ratio (M-H, Random, 1.02[0.98, 1.06]
95% Cl)

7 Persons with P2 Protective humoral re- 12 Risk Ratio (M-H, Random, Subtotals only

sponse by type of dose sequence 95% Cl)

7.1 Sequential IbObO (bOPV) 1 211 Risk Ratio (M-H, Random, 0.85[0.78, 0.91]
95% Cl)

7.2 Sequential 100/I000 4 484 Risk Ratio (M-H, Random, 1.00[0.98, 1.02]
95% Cl)

7.3 Sequential 110/1100/1110 8 1768 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

7.4 Sequential IbOI (vs bObObO) 1 305 Risk Ratio (M-H, Random, 5.85[4.10, 8.34]
95% Cl)

7.5 Sequential IbOI 1 309 Risk Ratio (M-H, Random, 0.82[0.75, 0.90]

95% Cl)
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

7.6 Sequential 10| 1 109 Risk Ratio (M-H, Random, 1.08[0.99, 1.17]
95% Cl)

8 Persons with P2 Protective humoral re- 12 3186 Risk Ratio (M-H, Random, 1.02[0.98, 1.06]

sponse by countries' income 95% Cl)

8.1LMIC 4 1331 Risk Ratio (M-H, Random, 0.98[0.96, 1.01]
95% Cl)

8.2 HIC 8 1855 Risk Ratio (M-H, Random, 1.06[0.96, 1.17]
95% Cl)

9 Persons with P3 Protective humoral re- 12 3184 Risk Ratio (M-H, Random, 0.99[0.97, 1.00]

sponse 95% Cl)

10 Persons with P3 Protective humoral re- 12 3013 Risk Ratio (M-H, Random, 0.99[0.97,1.01]

sponse by time of first dose 95% Cl)

10.1 Fist dose at birth 1 50 Risk Ratio (M-H, Random, 1.17[0.87, 1.57]
95% Cl)

10.2 First dose at 2 month 11 2963 Risk Ratio (M-H, Random, 0.99[0.97,1.01]
95% Cl)

11 Persons with P3 Protective humoral re- 12 3184 Risk Ratio (M-H, Random, 0.98[0.96, 1.00]

sponse by type of dose sequence 95% Cl)

11.1 Sequential IbObO 1 105 Risk Ratio (M-H, Random, 0.70[0.60, 0.82]
95% Cl)

11.2 Sequential I00/I000 5 590 Risk Ratio (M-H, Random, 0.98[0.96, 1.00]
95% Cl)

11.3 Sequential I10/1100/1110 8 1767 Risk Ratio (M-H, Random, 0.99[0.96, 1.01]
95% Cl)

11.4 Sequential 10l 2 722 Risk Ratio (M-H, Random, 0.99[0.95, 1.03]
95% Cl)

12 Persons with P3 Protective humoral re- 12 3013 Risk Ratio (M-H, Random, 0.99[0.97,1.01]

sponse by countries' income 95% Cl)

12.1 LMIC 4 1159 Risk Ratio (M-H, Random, 0.99[0.98, 1.01]
95% Cl)

12.2 HIC 8 1854 Risk Ratio (M-H, Random, 0.98[0.94,1.01]
95% Cl)

13 Mean titres of P1 neutralising antibody 6 Mean Difference (IV, Random,  Subtotals only
95% Cl)

13.1 Sequential IbObO 1 125 Mean Difference (IV, Random,  362.12[-329.70, 1053.94]

95% Cl)
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pants

13.2 Sequential I00 3 606 Mean Difference (IV, Random, -181.13[-594.25,231.99]
95% Cl)

13.3 Sequential 110 3 795 Mean Difference (IV, Random,  -244.37[-827.31, 338.57]
95% Cl)

13.4 Sequential [1100/1110 2 551 Mean Difference (IV, Random,  439.07 [-354.63, 1232.77]
95% Cl)

14 Mean titres of P2 neutralising antibody 6 Mean Difference (IV, Random,  Subtotals only
95% Cl)

14.1 Sequential IbObO 1 125 Mean Difference (IV, Random, -260.38 [-347.21, -173.55]
95% Cl)

14.2 Sequential I00 3 606 Mean Difference (IV, Random,  28.64 [-22.16, 79.43]
95% CI)

14.3 Sequential I1bO 1 125 Mean Difference (IV, Random,  -217.90 [-305.36, -130.44]
95% Cl)

14.4 Sequential 110 3 667 Mean Difference (IV, Random,  267.40 [-83.95, 618.76]
95% Cl)

14.5 Sequential [100/1110 2 551 Mean Difference (IV, Random,  486.17 [-698.02, 1670.37]
95% Cl)

15 Mean titres of P3 neutralising antibody 6 Mean Difference (IV, Random,  Subtotals only
95% Cl)

15.1 Sequential IbObO 1 125 Mean Difference (IV, Random,  221.03 [9.66, 432.40]
95% Cl)

15.2 Sequential I00 3 606 Mean Difference (IV, Random,  44.07 [-1.47, 89.61]
95% Cl)

15.3 Sequential I1bO 1 125 Mean Difference (IV, Random, 591.78 [185.14, 998.42]
95% Cl)

15.4 Sequential 110 3 667 Mean Difference (IV, Random,  89.97 [8.98, 170.97]
95% Cl)

15.5 Sequential [1100/1110 2 551 Mean Difference (IV, Random, 248.39[-180.58,677.37]
95% Cl)

16 Long term mean titres of P1 neutralising 1 86 Mean Difference (IV, Random,  0.35[0.07, 0.63]

antibody 95% Cl)

16.1 Sequential I00 1 20 Mean Difference (IV, Random, 0.0 [-0.48, 0.48]
95% Cl)

16.2 Sequential I00+0 1 20 Mean Difference (IV, Random,  0.20[-0.33,0.73]

95% Cl)
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16.3 Sequential 110 1 23 Mean Difference (IV, Random,  0.60 [0.22, 0.98]
95% Cl)

16.4 Sequential 10+0 1 23 Mean Difference (IV, Random,  0.5[0.01, 0.99]
95% Cl)

17 Long term mean titres of P2 neutralising 1 86 Mean Difference (IV, Random, 0.12[-0.07,0.31]

antibody 95% Cl)

17.1 Sequential I00 1 20 Mean Difference (IV, Random,  0.10 [-0.26, 0.46]
95% Cl)

17.2 Sequential I00+0 1 20 Mean Difference (IV, Random,  0.10 [-0.30, 0.50]
95% Cl)

17.3 Sequential 110 1 23 Mean Difference (IV, Random,  0.0[-0.38,0.38]
95% CI)

17.4 Sequential 10+0 1 23 Mean Difference (IV, Random,  0.30[-0.11,0.71]
95% Cl)

18 Long term mean titres of P3 neutralising 1 86 Mean Difference (IV, Random,  0.08 [-0.29, 0.45]

antibody 95% Cl)

18.1 Sequential I00 1 20 Mean Difference (IV, Random,  -0.50 [-1.14, 0.14]
95% Cl)

18.2 Sequential I00+0 1 20 Mean Difference (IV, Random, 0.0[-0.61, 0.61]
95% Cl)

18.3 Sequential 110 1 23 Mean Difference (IV, Random,  0.40 [0.02, 0.78]
95% Cl)

18.4 Sequential 10+0 1 23 Mean Difference (IV, Random,  0.20 [-0.34, 0.74]
95% Cl)

19 Persons with polio faecal excretion after 2 Risk Ratio (M-H, Random, Subtotals only

OPV challenge 95% ClI)

19.1 Persons with P1 faecal excretion 2 916 Risk Ratio (M-H, Random, 2.241[0.70,7.12]
95% Cl)

19.2 Persons with P2 faecal excretion 2 916 Risk Ratio (M-H, Random, 1.78 [1.49, 2.14]
95% Cl)

19.3 Persons with P3 faecal excretion 2 916 Risk Ratio (M-H, Random, 2.35[1.47,3.76]
95% Cl)

20 Vaccination coverage 1 Risk Ratio (Random, 95% Cl) 1.01[0.96, 1.06]

21 Serious adverse events classified by Med- 4 1948 Risk Ratio (M-H, Random, 0.88[0.46, 1.70]

DRA

95% Cl)
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Analysis 1.1. Comparison 1 IPV-OPV versus OPV, Outcome 1 Persons with P1 Protective humoral response.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Anand 2015 202/211 387/403 —_— 6.09% 1[0.96,1.03]
Asturias 2007 147/147 138/139 T 19.06% 1.01[0.99,1.03]
Faden 1990 17/17 11/11 0.37% 1[0.87,1.15]
Faden 1990 18/18 12/12 0.42% 1[0.88,1.14]
Jain 1997 24/25 23/25 + 0.37% 1.04[0.91,1.2]
Li 2016a 149/150 75/75 — 12.44% 1[0.97,1.02]
Li2016a 148/148 T4/74 —— 17.05% 1[0.98,1.02]
Modlin 1997 302/308 99/103 —_— 4.18% 1.02[0.98,1.06]
Qiu 2017 172/172 39/39 — 5.73% 1[0.96,1.04]
Qiu 2017 171/172 39/39 —t 5.21% 1[0.97,1.04]
Ramsay 1994 90/92 91/92 — 5.29% 0.99[0.95,1.03]
Rennels 2000 119/119 235/238 T 19.69% 1.01[0.99,1.03]
Simasathien 1994 84/88 87/88 —t 2.84% 0.97[0.92,1.02]
West 2001 47/53 44/55 + ; 0.27% 1.11[0.94,1.31]
Yeh 2001 38/40 36/36 B 0.98% 0.95[0.87,1.04]
Total (95% Cl) 1760 1429 [ 2 100% 1[0.99,1.01]
Total events: 1728 (IPV-OPV), 1390 (OPV)
Heterogeneity: Tau=0; Chi*=7.8, df=14(P=0.9); 1*=0%
Test for overall effect: Z=0.52(P=0.6)

Favours OPV

Favours IPV-OPV

Analysis 1.2. Comparison 1 IPV-OPV versus OPV, Outcome 2
Persons with P1 Protective humoral response by time of first dose.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 First dose at birth
Jain 1997 24/25 23/25 e e e 0.29% 1.04[0.91,1.2]
Subtotal (95% Cl) 25 25 —— 0.29% 1.04[0.91,1.2]
Total events: 24 (IPV-OPV), 23 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=0.59(P=0.55)
1.2.2 First dose at 2 month
Anand 2015 202/211 387/403 -+ 4.7% 1[0.96,1.03]
Asturias 2007 147/147 138/139 + 14.71% 1.01[0.99,1.03]
Faden 1990 35/35 23/23 —t 1.15% 1[0.93,1.07]
Li2016a 297/298 149/149 | ] 37.66% 1[0.99,1.01]
Modlin 1997 302/308 99/103 T+ 3.23% 1.02[0.98,1.06]
Qiu 2017 343/344 78/78 + 15.81% 1[0.98,1.02]
Ramsay 1994 90/92 91/92 —+= 4.09% 0.99[0.95,1.03]
Rennels 2000 119/119 235/238 " 15.2% 1.01[0.99,1.03]
Simasathien 1994 84/88 87/88 — 2.2% 0.97[0.92,1.02]
West 2001 47/53 44/55 s a— 0.21% 1.11[0.94,1.31]
Yeh 2001 38/40 36/36 — 0.75% 0.95[0.87,1.04]

Favours OPV 1 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% CI) 1735 1404 99.71% 1[0.99,1.01]
Total events: 1704 (IPV-OPV), 1367 (OPV)
Heterogeneity: Tau?=0; Chi*=7.61, df=10(P=0.67); 1>=0%
Test for overall effect: Z=0.39(P=0.7)
Total (95% CI) 1760 1429 100% 1[0.99,1.01]

Total events: 1728 (IPV-OPV), 1390 (OPV)

Heterogeneity: Tau?=0; Chi*=8.05, df=11(P=0.71); 1*>=0%

Test for overall effect: Z=0.42(P=0.67)

Test for subgroup differences: Chi?=0.33, df=1 (P=0.57), 1*=0%

Favours OPV

Favours IPV-OPV

Analysis 1.3. Comparison 1 IPV-OPV versus OPV, Outcome 3
Persons with P1 Protective humoral response by type of dose sequence.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 Sequential 100/1000
Faden 1990 17/17 11/11 0.37% 1[0.87,1.15]
Jain 1997 24/25 23/25 * 0.37% 1.04[0.91,1.2]
Li 2016a 148/148 T4/74 — 17.05% 1[0.98,1.02]
Qiu 2017 172/172 39/39 —t 5.73% 1[0.96,1.04]
Ramsay 1994 90/92 91/92 I 5.29% 0.99[0.95,1.03]
Subtotal (95% CI) 454 241 < 28.81% 1[0.98,1.01]
Total events: 451 (IPV-OPV), 238 (OPV)
Heterogeneity: Tau?=0; Chi*=0.69, df=4(P=0.95); 1>=0%
Test for overall effect: Z=0.18(P=0.86)
1.3.2 Sequential 110/1100/1110
Asturias 2007 147/147 138/139 T 19.06% 1.01[0.99,1.03]
Faden 1990 18/18 12/12 0.42% 1[0.88,1.14]
Li2016a 149/150 75/75 — 12.44% 1[0.97,1.02]
Modlin 1997 302/308 99/103 e 4.18% 1.02[0.98,1.06]
Qiu 2017 171/172 39/39 —_—t 5.21% 1[0.97,1.04]
Rennels 2000 119/119 235/238 T 19.69% 1.01[0.99,1.03]
Simasathien 1994 84/88 87/88 — 2.84% 0.97[0.92,1.02]
Yeh 2001 38/40 36/36 —_— 0.98% 0.95[0.87,1.04]
Subtotal (95% CI) 1042 730 [ 2 64.82% 1[0.99,1.01]
Total events: 1028 (IPV-OPV), 721 (OPV)
Heterogeneity: Tau?=0; Chi?=5.51, df=7(P=0.6); 1>=0%
Test for overall effect: Z=0.75(P=0.46)
1.3.3 Sequential 101
Anand 2015 202/211 387/403 —t 6.09% 1[0.96,1.03]
West 2001 47/53 44/55 # 0.27% 1.11[0.94,1.31]
Subtotal (95% CI) 264 458 ——e—— 6.36% 1.03[0.93,1.14]
Total events: 249 (IPV-OPV), 431 (OPV)
Heterogeneity: Tau?=0; Chi*=1.95, df=1(P=0.16); 1>=48.62%
Test for overall effect: Z=0.48(P=0.63)

Favours OPV

Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Total (95% CI) 1760 1429 * 100% 1[0.99,1.01]

Total events: 1728 (IPV-OPV), 1390 (OPV)

Heterogeneity: Tau?=0; Chi*=7.8, df=14(P=0.9); 1*=0%

Test for overall effect: Z=0.52(P=0.6)

Test for subgroup differences: Chi?=0.51, df=1 (P=0.78), 1*=0%

Favours OPV

Favours IPV-OPV

Analysis 1.4. Comparison 1 IPV-OPV versus OPV, Outcome 4
Persons with P1 Protective humoral response by countries' income.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1LMIC
Asturias 2007 147/147 138/139 * 14.71% 1.01[0.99,1.03]
Li2016a 297/298 149/149 ] 37.66% 1[0.99,1.01]
Qiu 2017 343/344 78/78 v 15.81% 1[0.98,1.02]
Simasathien 1994 84/88 87/88 —+r 2.2% 0.97[0.92,1.02]
Subtotal (95% CI) 877 454 70.38% 1[0.99,1.01]
Total events: 871 (IPV-OPV), 452 (OPV)
Heterogeneity: Tau?=0; Chi*=3.13, df=3(P=0.37); 1>=4.03%
Test for overall effect: Z=0(P=1)
1.4.2 HIC
Anand 2015 202/211 387/403 + 4.7% 1[0.96,1.03]
Faden 1990 35/35 23/23 —+ 1.15% 1[0.93,1.07]
Jain 1997 24/25 23/25 —t— 0.29% 1.04[0.91,1.2]
Modlin 1997 302/308 99/103 s 3.23% 1.02(0.98,1.06]
Ramsay 1994 90/92 91/92 =+ 4.09% 0.99[0.95,1.03]
Rennels 2000 119/119 235/238 * 15.2% 1.01[0.99,1.03]
West 2001 47/53 44/55 —_t— 0.21% 1.11[0.94,1.31]
Yeh 2001 38/40 36/36 — 0.75% 0.95[0.87,1.04]
Subtotal (95% CI) 883 975 { 29.62% 1.01[0.99,1.02]
Total events: 857 (IPV-OPV), 938 (OPV)
Heterogeneity: Tau?=0; Chi=5.08, df=7(P=0.65); 1>=0%
Test for overall effect: Z=0.78(P=0.44)
Total (95% Cl) 1760 1429 100% 1[0.99,1.01]
Total events: 1728 (IPV-OPV), 1390 (OPV)
Heterogeneity: Tau?=0; Chi?=8.05, df=11(P=0.71); 1*>=0%
Test for overall effect: Z=0.42(P=0.67)
Test for subgroup differences: Chi?=0.41, df=1 (P=0.52), 1>=0%
Favours OPV 0.5 0.7 1 15 2 Favours IPV-OPV
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Analysis 1.5. Comparison 1 IPV-OPV versus OPV, Outcome 5 Persons with P2 Protective humoral response.

Study or subgroup IPV-OPV oPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 IPV-tOPV ‘
Asturias 2007 147/147 139/139 + 22.81% 1[0.99,1.01]
Faden 1990 17/17 11/11 —+— 0.21% 1[0.87,1.15]
Faden 1990 18/18 12/12 —+— 0.25% 1[0.88,1.14]
Jain 1997 23/25 22/25 +— 0.12% 1.05[0.87,1.26]
Li 2016a 150/150 75/75 + 10.14% 1[0.98,1.02]
Li 2016a 148/148 T4/74 + 9.87% 1[0.98,1.02]
Modlin 1997 307/308 103/103 + 17.78% 1[0.98,1.02]
Qiu 2017 86/86 19/19 +’ 0.82% 1[0.93,1.07]
Qiu 2017 85/86 20/20 + 0.81% 1.01[0.94,1.08]
Ramsay 1994 89/92 88/92 + 1.29% 1.01[0.95,1.07]
Rennels 2000 118/118 235/235 + 24.89% 1[0.99,1.01]
Simasathien 1994 88/88 88/88 + 8.71% 1[0.98,1.02]
West 2001 53/53 52/56 )‘* 0.66% 1.08[0.99,1.17]
Yeh 2001 40/40 36/36 + 1.65% 1[0.95,1.05]
Subtotal (95% CI) 1376 985 ' 100% 1[0.99,1.01]
Total events: 1369 (IPV-OPV), 974 (OPV) ‘
Heterogeneity: Tau?=0; Chi?=5.89, df=13(P=0.95); 1*=0% ‘
Test for overall effect: Z=0.22(P=0.83) ‘
1.5.211bO }
Qiu 2017 86/86 19/19 . 100% 1[0.93,1.07]
Subtotal (95% CI) 86 19 ¢ 100% 1[0.93,1.07]
Total events: 86 (IPV-OPV), 19 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.5.3 1bObO vs tOPV
Anand 2015 86/105 190/200 | | 54.61% 0.86[0.78,0.95]
Qiu 2017 59/86 20/20 L3 45.39% 0.7[0.6,0.82]
Subtotal (95% CI) 191 220 ‘ 100% 0.78[0.64,0.96]
Total events: 145 (IPV-OPV), 210 (OPV)
Heterogeneity: Tau?=0.02; Chi*=5.04, df=1(P=0.02); 1*=80.15%
Test for overall effect: Z=2.31(P=0.02)
1.5.4 1bObO vs bOPV
Anand 2015 86/106 28/200 —. 100% 5.8[4.06,8.27]
Subtotal (95% CI) 106 200 - 100% 5.8[4.06,8.27]

Total events: 86 (IPV-OPV), 28 (OPV)

Heterogeneity: Not applicable

Test for overall effect: Z=9.69(P<0.0001)

Test for subgroup differences: Chi*=99.08, df=1 (P<0.0001), 1>=96.97%

Favours OPV 0.2 0.5

5

Favours IPV-OPV
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Analysis 1.6. Comparison 1 IPV-OPV versus OPV, Outcome 6
Persons with P2 Protective humoral response by time of first dose.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.6.1 First dose at birth
Jain 1997 23/25 22/25 —_— Tt 3.1% 1.05[0.87,1.26]
Subtotal (95% CI) 25 25 ’ 3.1% 1.05[0.87,1.26]
Total events: 23 (IPV-OPV), 22 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=0.47(P=0.64)
1.6.2 First dose at 2 month
Anand 2015 172/211 228/403 5.77% 1.44[1.29,1.6]
Asturias 2007 147/147 139/139 10.04% 1[0.99,1.01]
Faden 1990 35/35 23/23 - 7.66% 1[0.93,1.07]
Li 2016a 298/298 149/149 10.09% 1[0.99,1.01]
Modlin 1997 307/308 103/103 t 10% 1[0.98,1.02]
Qiu 2017 315/344 78/78 - 9.33% 0.92[0.89,0.95]
Ramsay 1994 89/92 88/92 -+ 8.33% 1.01[0.95,1.07]
Rennels 2000 118/118 235/235 10.05% 1[0.99,1.01]
Simasathien 1994 88/88 88/88 * 9.84% 1[0.98,1.02]
West 2001 53/53 52/56 —— 7.11% 1.08[0.99,1.17]
Yeh 2001 40/40 36/36 4 8.67% 1[0.95,1.05]
Subtotal (95% CI) 1734 1402 * 96.9% 1.02[0.98,1.06]
Total events: 1662 (IPV-OPV), 1219 (OPV)
Heterogeneity: Tau?=0; Chi*=353.04, df=10(P<0.0001); 1>=97.17%
Test for overall effect: Z=0.99(P=0.32)
Total (95% Cl) 1759 1427 2 100% 1.02[0.98,1.06]
Total events: 1685 (IPV-OPV), 1241 (OPV)
Heterogeneity: Tau?=0; Chi?=351.88, df=11(P<0.0001); 1>=96.87%
Test for overall effect: Z=1.04(P=0.3)
Test for subgroup differences: Chi?=0.06, df=1 (P=0.8), 1>=0%

FavoursOPV 0.5 0.7 1 2 Favours IPV-OPV

Analysis 1.7. Comparison 1 IPV-OPV versus OPV, Outcome 7
Persons with P2 Protective humoral response by type of dose sequence.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Sequential IbObO (bOPV)
Qiu 2017 144/172 39/39 —.— 100% 0.85[0.78,0.91]
Subtotal (95% CI) 172 39 - 100% 0.85[0.78,0.91]
Total events: 144 (IPV-OPV), 39 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=4.39(P<0.0001)
1.7.2 Sequential 100/1000
Faden 1990 17/17 11/11 1.85% 1[0.87,1.15]
Jain 1997 23/25 22/25 —t 1.08% 1.05[0.87,1.26]
Li 2016a 148/148 7474 - 85.89% 1[0.98,1.02]
Favours OPV 1 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ramsay 1994 89/92 88/92 — 11.19% 1.01[0.95,1.07]
Subtotal (95% CI) 282 202 L 2 100% 1[0.98,1.02]
Total events: 277 (IPV-OPV), 195 (OPV)
Heterogeneity: Tau?=0; Chi*=0.87, df=3(P=0.83); 1>=0%
Test for overall effect: Z=0.18(P=0.86)
1.7.3 Sequential 110/1100/1110
Asturias 2007 147/147 139/139 - 25.56% 1[0.99,1.01]
Faden 1990 18/18 12/12 0.28% 1[0.88,1.14]
Li2016a 150/150 75/75 -+ 11.36% 1[0.98,1.02]
Modlin 1997 307/308 103/103 - 19.92% 1[0.98,1.02]
Qiu 2017 171/172 39/39 -+ 3.38% 1[0.97,1.04]
Rennels 2000 118/118 235/235 - 27.89% 1[0.99,1.01]
Simasathien 1994 88/88 88/88 -+ 9.77% 1[0.98,1.02]
Yeh 2001 40/40 36/36 — 1.85% 1[0.95,1.05]
Subtotal (95% CI) 1041 727 ) 100% 1[0.99,1.01]
Total events: 1039 (IPV-OPV), 727 (OPV)
Heterogeneity: Tau?=0; Chi*=0.04, df=7(P=1); 1>=0%
Test for overall effect: Z=0.03(P=0.97)
1.7.4 Sequential IbOI (vs bObObO)
Anand 2015 86/105 28/200 100% 5.85[4.1,8.34]
Subtotal (95% CI) 105 200 100% 5.85[4.1,8.34]
Total events: 86 (IPV-OPV), 28 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=9.75(P<0.0001)
1.7.5 Sequential 1bOI
Anand 2015 86/106 200/203 —.— 100% 0.82[0.75,0.9]
Subtotal (95% CI) 106 203 —— 100% 0.82[0.75,0.9]
Total events: 86 (IPV-OPV), 200 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=4.08(P<0.0001)
1.7.6 Sequential 101
West 2001 53/53 52/56 - B 100% 1.08(0.99,1.17]
Subtotal (95% Cl) 53 56 i 100% 1.08[0.99,1.17]
Total events: 53 (IPV-OPV), 52 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=1.78(P=0.07)
Test for subgroup differences: Chi?=134.11, df=1 (P<0.0001), I*=96.27%
Favours OPV 1 Favours IPV-OPV
Analysis 1.8. Comparison 1 IPV-OPV versus OPV, Outcome 8
Persons with P2 Protective humoral response by countries' income.
Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.8.1LMIC
Favours OPV 0.7 1 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Asturias 2007 147/147 139/139 10.04% 1[0.99,1.01]
Li2016a 298/298 149/149 10.09% 1[0.99,1.01]
Qiu 2017 315/344 78/78 - 9.33% 0.92[0.89,0.95]
Simasathien 1994 88/88 88/88 * 9.84% 1[0.98,1.02]
Subtotal (95% CI) 877 454 ¢ 39.3% 0.98[0.96,1.01]
Total events: 848 (IPV-OPV), 454 (OPV)
Heterogeneity: Tau?=0; Chi*=33.64, df=3(P<0.0001); 1>=91.08%
Test for overall effect: Z=1.11(P=0.27)
1.8.2HIC
Anand 2015 172/211 228/403 — 5.77% 1.44[1.29,1.6]
Faden 1990 35/35 23/23 —4— 7.66% 1[0.93,1.07]
Jain 1997 23/25 22/25 —_— Tt 3.1% 1.05[0.87,1.26]
Modlin 1997 307/308 103/103 t 10% 1[0.98,1.02]
Ramsay 1994 89/92 88/92 -+ 8.33% 1.01[0.95,1.07]
Rennels 2000 118/118 235/235 10.05% 1[0.99,1.01]
West 2001 53/53 52/56 —— 7.11% 1.08[0.99,1.17]
Yeh 2001 40/40 36/36 -+ 8.67% 1[0.95,1.05]
Subtotal (95% CI) 882 973 R 60.7% 1.06[0.96,1.17]
Total events: 837 (IPV-OPV), 787 (OPV)
Heterogeneity: Tau?=0.02; Chi*=459.57, df=7(P<0.0001); 1>=98.48%
Test for overall effect: Z=1.16(P=0.25)
Total (95% Cl) 1759 1427 * 100% 1.02[0.98,1.06]
Total events: 1685 (IPV-OPV), 1241 (OPV)
Heterogeneity: Tau?=0; Chi*=351.88, df=11(P<0.0001); 1>=96.87%
Test for overall effect: Z=1.04(P=0.3)
Test for subgroup differences: Chi?=2.05, df=1 (P=0.15), 1*=51.15%

FavoursOPV 0.5 0.7 1 15 2 Favours IPV-OPV

Analysis 1.9. Comparison 1 IPV-OPV versus OPV, Outcome 9 Persons with P3 Protective humoral response.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Anand 2015 198/211 380/403 -+ 8.61% 1[0.95,1.04]
Asturias 2007 146/147 137/139 *+ 12.98% 1.01[0.98,1.03]
Faden 1990 18/18 12/12 — 1.6% 1[0.88,1.14]
Faden 1990 17/17 11/11 — 1.4% 1[0.87,1.15]
Jain 1997 21/25 18/25 —_— 0.34% 1.17(0.87,1.57]
Li2016a 145/148 74/74 + 11.16% 0.98[0.95,1.01]
Li2016a 145/150 75/75 * 9.95% 0.97[0.94,1.01]
Modlin 1997 283/308 101/102 - 9.4% 0.93[0.89,0.96]
Qiu 2017 86/86 20/20 -+ 4.7% 1[0.93,1.07]
Qiu 2017 85/86 20/20 -+ 4.35% 1.01[0.94,1.08]
Qiu 2017 86/86 19/19 -+ 4.39% 1[0.93,1.07]
Qiu 2017 84/86 19/19 —+ 3.81% 1[0.92,1.08]
Ramsay 1994 87/92 92/92 -+ 6.64% 0.95[0.9,1]
Rennels 2000 118/118 229/235 i+ 12.9% 1.02[1,1.05]
Simasathien 1994 81/88 82/88 —— 3.49% 0.99[0.91,1.07]
Favours OPV 05 07 1 52 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
West 2001 43/53 47/55 —— 1% 0.95[0.8,1.12]
Yeh 2001 38/40 36/36 — 3.29% 0.95[0.87,1.04]
Total (95% CI) 1759 1425 [} 100% 0.99[0.97,1]
Total events: 1681 (IPV-OPV), 1372 (OPV)
Heterogeneity: Tau?=0; Chi*=28.21, df=16(P=0.03); 1>=43.28%
Test for overall effect: Z=1.56(P=0.12)
6.5 017 1 115 £

Favours OPV

Favours IPV-OPV

Analysis 1.10. Comparison 1 IPV-OPV versus OPV, Outcome 10
Persons with P3 Protective humoral response by time of first dose.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.10.1 Fist dose at birth
Jain 1997 21/25 18/25 * 0.37% 1.17[0.87,1.57]
Subtotal (95% Cl) 25 25 ‘ 0.37% 1.17[0.87,1.57]
Total events: 21 (IPV-OPV), 18 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)
1.10.2 First dose at 2 month
Anand 2015 198/211 380/403 —— 9.26% 1[0.95,1.04]
Asturias 2007 146/147 137/139 " 13.73% 1.01[0.98,1.03]
Faden 1990 35/35 23/23 -t 4.99% 1[0.93,1.07]
Li2016a 290/298 149/149 -+ 14.44% 0.97[0.95,1]
Modlin 1997 83/102 33/34 s — 2.43% 0.84[0.75,0.94]
Modlin 1997 200/206 68/69 —+ 10.38% 0.99[0.95,1.02]
Qiu 2017 172/172 78/78 + 15% 1[0.98,1.02]
Ramsay 1994 87/92 92/92 —— 7.2% 0.95[0.9,1]
Rennels 2000 118/118 229/235 i 13.65% 1.02[1,1.05]
Simasathien 1994 81/88 82/88 —— 3.83% 0.99(0.91,1.07]
West 2001 43/53 47/55 _— 1.11% 0.95[0.8,1.12]
Yeh 2001 38/40 36/36 — 3.61% 0.95[0.87,1.04]
Subtotal (95% Cl) 1562 1401 4 99.63% 0.99[0.97,1.01]
Total events: 1491 (IPV-OPV), 1354 (OPV)
Heterogeneity: Tau?=0; Chi?=29.12, df=11(P=0); 1=62.22%
Test for overall effect: Z=1.34(P=0.18)
Total (95% Cl) 1587 1426 4 100% 0.99[0.97,1.01]
Total events: 1512 (IPV-OPV), 1372 (OPV)
Heterogeneity: Tau?=0; Chi?=28.42, df=12(P=0); 1>=57.78%
Test for overall effect: Z=1.27(P=0.2)
Test for subgroup differences: Chi*=1.2, df=1 (P=0.27), 1’=16.71%

Favours OPV 1 Favours IPV-OPV
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Analysis 1.11. Comparison 1 IPV-OPV versus OPV, Outcome 11
Persons with P3 Protective humoral response by type of dose sequence.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.11.1 Sequential IbObO
Qiu 2017 59/86 19/19 — 1.91% 0.7[0.6,0.82]
Subtotal (95% Cl) 86 19 - 1.91% 0.7[0.6,0.82]

Total events: 59 (IPV-OPV), 19 (OPV)
Heterogeneity: Not applicable
Test for overall effect: Z=4.37(P<0.0001)

1.11.2 Sequential 100/1000

Faden 1990 17/17 11/11 -t 2.32% 1[0.87,1.15]
Jain 1997 21/25 18/25 e 0.62% 1.17[0.87,1.57]
Li2016a 145/148 T4/74 i 9.95% 0.98[0.95,1.01]
Qiu 2017 85/86 20/20 -+ 5.73% 1.01[0.94,1.08]
Ramsay 1994 87/92 92/92 -+ 7.54% 0.95[0.9,1]
Subtotal (95% CI) 368 222 ¢ 26.17% 0.98[0.96,1]

Total events: 355 (IPV-OPV), 215 (OPV)
Heterogeneity: Tau?=0; Chi*=4, df=4(P=0.41); 1°=0.08%
Test for overall effect: Z=1.66(P=0.1)

1.11.3 Sequential 110/1100/1110

Asturias 2007 146/147 137/139 + 10.66% 1.01[0.98,1.03]
Faden 1990 18/18 12/12 o 2.61% 1[0.88,1.14]
Li 2016a 145/150 75/75 - 9.41% 0.97[0.94,1.01]
Modlin 1997 283/308 101/102 + 9.15% 0.93[0.89,0.96]
Qiu2017 172/172 39/39 + 9.44% 1[0.96,1.04]
Rennels 2000 118/118 229/235 + 10.63% 1.02[1,1.05]
Simasathien 1994 81/88 82/88 —— 4.89% 0.99[0.91,1.07]
Yeh 2001 38/40 36/36 — 4.68% 0.95[0.87,1.04]
Subtotal (95% Cl) 1041 726 L 61.46% 0.99[0.96,1.01]

Total events: 1001 (IPV-OPV), 711 (OPV)
Heterogeneity: Tau>=0; Chi>=25, df=7(P=0); I1>=72%
Test for overall effect: Z=1.02(P=0.31)

1.11.4 Sequential 101

Anand 2015 198/211 380/403 + 8.74% 1[0.95,1.04]
West 2001 43/53 47/55 —t 1.72% 0.95[0.8,1.12]
Subtotal (95% Cl) 264 458 ¢ 10.46% 0.99[0.95,1.03]

Total events: 241 (IPV-OPV), 427 (OPV)
Heterogeneity: Tau?=0; Chi*=0.32, df=1(P=0.57); 1>=0%
Test for overall effect: Z=0.36(P=0.72)

Total (95% Cl) 1759 1425 ‘ 100% 0.98[0.96,1]
Total events: 1656 (IPV-OPV), 1372 (OPV)

Heterogeneity: Tau?=0; Chi*=49.55, df=15(P<0.0001); 1>=69.73%
Test for overall effect: Z=1.79(P=0.07)

Test for subgroup differences: Chi*=17.48, df=1 (P=0), 1=82.84%

Favours OPV 05 07 1 15 2 Favours IPV-OPV
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Analysis 1.12. Comparison 1 IPV-OPV versus OPV, Outcome 12

Persons with P3 Protective humoral response by countries' income.

Study or subgroup IPV-OPV OoPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.12.1LMIC
Asturias 2007 146/147 137/139 T+ 13.73% 1.01[0.98,1.03]
Li2016a 290/298 149/149 -+ 14.44% 0.97[0.95,1]
Qiu 2017 172/172 78/78 + 15% 1[0.98,1.02]
Simasathien 1994 81/88 82/88 —t 3.83% 0.99[0.91,1.07]
Subtotal (95% CI) 705 454 4 46.99% 0.99[0.98,1.01]
Total events: 689 (IPV-OPV), 446 (OPV)
Heterogeneity: Tau?=0; Chi*=4.98, df=3(P=0.17); 1>=39.8%
Test for overall effect: Z=0.75(P=0.45)
1.12.2 HIC
Anand 2015 198/211 380/403 —— 9.26% 1[0.95,1.04]
Faden 1990 35/35 23/23 -t 4.99% 1[0.93,1.07]
Jain 1997 21/25 18/25 * 0.37% 1.17(0.87,1.57]
Modlin 1997 200/206 68/69 —+ 10.38% 0.99[0.95,1.02]
Modlin 1997 83/102 33/34 s — 2.43% 0.84[0.75,0.94]
Ramsay 1994 87/92 92/92 —— 7.2% 0.95[0.9,1]
Rennels 2000 118/118 229/235 i 13.65% 1.02[1,1.05]
West 2001 43/53 47/55 —_— 1.11% 0.95[0.8,1.12]
Yeh 2001 38/40 36/36 — 3.61% 0.95[0.87,1.04]
Subtotal (95% CI) 882 972 < 53.01% 0.98[0.94,1.01]
Total events: 823 (IPV-OPV), 926 (OPV)
Heterogeneity: Tau?=0; Chi?=23.28, df=8(P=0); 1>=65.63%
Test for overall effect: Z=1.31(P=0.19)
Total (95% Cl) 1587 1426 ¢ 100% 0.99[0.97,1.01]

Total events: 1512 (IPV-OPV), 1372 (OPV)

Heterogeneity: Tau?=0; Chi?=28.42, df=12(P=0); 1>=57.78%
Test for overall effect: Z=1.27(P=0.2)

Test for subgroup differences: Chi*=0.71, df=1 (P=0.4), 1>=0%

Favours OPV 1

Favours IPV-OPV

Analysis 1.13. Comparison 1 IPV-OPV versus OPV, Outcome 13 Mean titres of P1 neutralising antibody.

Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.13.1 Sequential IbObO
Qiu 2017 86 1822 39 1459.9 ——H 100% 362.12[-329.7,1053.94]
(2020.8) (1734.1)
Subtotal *** 86 39 ———e N 100%  362.12[-329.7,1053.94]
Heterogeneity: Not applicable
Test for overall effect: Z=1.03(P=0.3)
1.13.2 Sequential 100
Li 2016a 148 581 (794.5) 149 977 —— 36.52% -396(-641.93,-150.07]
(1307.9)
Qiu 2017 86 1100.9 39 1459.9 * } 22.23% -359[-959.73,241.73]
(1203.2) (17341 ‘ ‘ ‘ ‘
Favours OPY ~ -1000  -500 0 500 1000 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ramsay 1994 92 369 (193) 92 264 (360) ‘-.- 41.25% 105[21.53,188.47]

Subtotal *** 326 280 Q 100%  -181.13[-594.25,231.99]

Heterogeneity: Tau?=105900.15; Chi*=16.07, df=2(P=0); I*=87.56%
Test for overall effect: Z=0.86(P=0.39)

1.13.3 Sequential 110

Li 2016a 150  342(509.3) 149 977 e 29.87% -635[-860.26,-409.74]
(1307.9)

Qiu 2017 86 1168 (1788) 39 1459.9 + } 22.27% -291.94[-954.52,370.64]
(1734.1)

Qiu 2017 86 864.4 39 1459.9 {—-—} 23.28% -595.45[-1206.18,15.28]
(1311.1) (1734.1)

Rennels 2000 119 1399 127 793 \4-—} 24.58% 606[62.18,1149.82]
(2743.3) (1321.1)

Subtotal *** 441 354 ——— 100%  -244.37[-827.31,338.57]

Heterogeneity: Tau?=282922.07; Chi?=17.51, df=3(P=0); I>=82.87%
Test for overall effect: Z=0.82(P=0.41)

1.13.4 Sequential 11100/1110

Simasathien 1994 88 1085 88  235(330.4) —®)  2927% 850[610.1,1089.9]

(1099.7)
Sutter 1997 185 607 (739.4) 190 567 (678.7) —h— 50.73% 40[-103.75,183.75]
Subtotal *** 273 278 ——e— 100%  439.07[-354.63,1232.77]
Heterogeneity: Tau?=317869.3; Chi?=32.22, df=1(P<0.0001); 1>=96.9%
Test for overall effect: Z=1.08(P=0.28)
Test for subgroup differences: Chi?=3.61, df=1 (P=0.31), 1’>=16.87%

Favours OPY ~ -1000  -500 0 500 1000 Favours IPV-OPV

Analysis 1.14. Comparison 1 IPV-OPV versus OPV, Outcome 14 Mean titres of P2 neutralising antibody.

Study or subgroup IPV-OPV oPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.14.1 Sequential IbObO

Qiu 2017 86 11(10.7) 39 2714 . 100% -260.38[-347.21,-173.55]
(276.6)

Subtotal *** 86 39 <& 100% -260.38[-347.21,-173.55]

Heterogeneity: Not applicable

Test for overall effect: Z=5.88(P<0.0001)

1.14.2 Sequential 100

Li2016a 148 299 (313.5) 149 262 (267.8) - 58.65% 37[-29.33,103.33]

Qiu 2017 86 279.2 (327) 39 2714 —+— 20.96% 7.8[-103.16,118.76]
(276.6)

Ramsay 1994 92 401 (433) 92 375 (340) —_ 20.39% 26(-86.5,138.5]

Subtotal *** 326 280 ¢ 100% 28.64[-22.16,79.43]

Heterogeneity: Tau?=0; Chi*=0.2, df=2(P=0.91); 1*=0%

Test for overall effect: Z=1.1(P=0.27)

1.14.3 Sequential 1IbO

Qiu 2017 86 53.5(50.8) 39 271.4 . 100% -217.9[-305.36,-130.44]
(276.6)

Subtotal *** 86 39 <o ‘ 100% -217.9[-305.36,-130.44]

Favours OPY ~ -1000  -500 0 500 1000 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Heterogeneity: Not applicable
Test for overall effect: Z=4.88(P<0.0001)
1.14.4 Sequential 110
Li2016a 150 361(378.1) 149 262 (267.8) L 3 54.26% 99(24.78,173.22]
Qiu 2017 86 662.7 39 271.4 —— 44.6% 391.27[157.2,625.34]
(1028.5) (276.6)
Rennels 2000 118 4316 125 887 (745.6) ‘ 4’ 1.14% 3429(176.34,6681.66]
(18012.8)
Subtotal *** 354 313 —l— 100% 267.4[-83.95,618.76]
Heterogeneity: Tau?=57792.38; Chi*=9.4, df=2(P=0.01); 1>=78.73%
Test for overall effect: Z=1.49(P=0.14)
1.14.5 Sequential 11100/1110
Simasathien 1994 88 1933 (1869) 88 823 —’ 48.4% 1110[663.77,1556.23]
(1033.6)
Sutter 1997 185 608 (665.8) 190 707(717.3) —I+ 51.6% -99[-239.03,41.03]
Subtotal *** 273 278  —————NNNSS  100%  486.17[-698.02,1670.37]
Heterogeneity: Tau?=702371.09; Chi?=25.67, df=1(P<0.0001); 1>=96.1%
Test for overall effect: Z=0.8(P=0.42)
Test for subgroup differences: Chi?=48.27, df=1 (P<0.0001), 1>=91.71%

Favours OPY ~ -1000  -500

0 500 1000

Favours IPV-OPV

Analysis 1.15. Comparison 1 IPV-OPV versus OPV, Outcome 15 Mean titres of P3 neutralising antibody.

Study or subgroup IPV-OPV oPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.15.1 Sequential IbObO
Qiu 2017 86 698.1 (702) 39 477.1 —.— 100% 221.03[9.66,432.4]
(479.7)
Subtotal *** 86 39 - 100% 221.03[9.66,432.4]
Heterogeneity: Not applicable
Test for overall effect: Z=2.05(P=0.04)
1.15.2 Sequential 100
Li 2016a 148 242 (316.6) 149 177 (196.2) _ 57.72% 65[5.06,124.94]
Qiu 2017 86 480.9 39 477.1 —+— 4.82% 3.8[-203.54,211.14]
(674.5) (479.7)
Ramsay 1994 92 206 (256) 92 189 (259) 'h' 37.45% 17[-57.41,91.41]
Subtotal *** 326 280 * 100% 44.07[-1.47,89.61]
Heterogeneity: Tau?=0; Chi*=1.12, df=2(P=0.57); 1>=0%
Test for overall effect: Z=1.9(P=0.06)
1.15.3 Sequential 1IbO
Qiu 2017 86 1068.9 39 477.1 —.— 100% 591.78[185.14,998.42]
(1787.3) (479.7)
Subtotal *** 86 39 i 100% 591.78[185.14,998.42]
Heterogeneity: Not applicable
Test for overall effect: Z=2.85(P=0)
1.15.4 Sequential 110
Favours OPY ~ -1000  -500 0 500 1000 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Li 2016a 150 271 (474.9) 149 177 (196.2) 5 = 49.99% 94[11.73,176.27]
Qiu 2017 86 778 39 477.1 . S— 7.67% 300.87[19.53,582.21]
(1124.5) (479.7)
Rennels 2000 118 276 (471.7) 125 229 (248.5) ‘l.— 42.33% 47[-48.61,142.61]
Subtotal *** 354 313 L g 100% 89.97[8.98,170.97]

Heterogeneity: Tau?=1653.8; Chi*=2.91, df=2(P=0.23); 1=31.37%
Test for overall effect: Z=2.18(P=0.03)

1.15.5 Sequential 11100/1110
Simasathien 1994 88 561 (825.9) 88 86 (127.4) —— 48.26% 475[300.39,649.61]
Sutter 1997 185 220(388.1) 190 183(295.4) = 51.74% 37(-32.94,106.94]
Subtotal *** 273 278 ﬁ. 100%  248.39[-180.58,677.37]
Heterogeneity: Tau?=91317.08; Chi*>=20.83, df=1(P<0.0001); 1>=95.2%
Test for overall effect: Z=1.13(P=0.26)

Test for subgroup differences: Chi*=10.41, df=1 (P=0.03), 1>=61.57%

Favours OPY ~ -1000  -500

Py

500 1000 Favours IPV-OPV

Analysis 1.16. Comparison 1 IPV-OPV versus OPV, Outcome 16 Long term mean titres of P1 neutralising antibody.

Study or subgroup IPV-OPV OoPV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.16.1 Sequential 100
Faden 1990 10 2.1(0.6) 10 2.1(0.5) I S— 23.6% 0[-0.48,0.48]
Subtotal *** 10 10 —al— 23.6% 0[-0.48,0.48]
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.16.2 Sequential 100+0
Faden 1990 10 2.9(0.6) 10 2.7 (0.6) e . — 20.93% 0.2[-0.33,0.73]
Subtotal *** 10 10 —~i—— 20.93% 0.2[-0.33,0.73]
Heterogeneity: Not applicable
Test for overall effect: Z=0.75(P=0.46)
1.16.3 Sequential 110
Faden 1990 13 2.7(0.4) 10 2.1(0.5) — 32.58% 0.6[0.22,0.98]
Subtotal *** 13 10 - 32.58% 0.6[0.22,0.98]
Heterogeneity: Not applicable
Test for overall effect: Z=3.11(P=0)
1.16.4 Sequential 110+0
Faden 1990 13 3.2(0.6) 10 2.7(0.6) — 22.89% 0.5[0.01,0.99]
Subtotal *** 13 10 —~— 22.89% 0.5[0.01,0.99]
Heterogeneity: Not applicable
Test for overall effect: Z=1.98(P=0.05)
Total *** 46 40 - 100% 0.35[0.07,0.63]
Heterogeneity: Tau?=0.02; Chi*=4.33, df=3(P=0.23); 1*=30.69%
Test for overall effect: Z=2.47(P=0.01)
Test for subgroup differences: Chi*=4.33, df=1 (P=0.23), 1*=30.69%
Favours OPV -1 05 0 05 1 Favours IPV-OPV
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Analysis 1.17. Comparison 1 IPV-OPV versus OPV, Outcome 17 Long term mean titres of P2 neutralising antibody.

Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
1.17.1 Sequential 100 ‘
Faden 1990 10 2.8(0.3) 10 2.7(0.5) +— 28.42% 0.1[-0.26,0.46]
Subtotal *** 10 10 ‘ 28.42% 0.1[-0.26,0.46]
Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)
1.17.2 Sequential 100+0
Faden 1990 10 3(0.5) 10 2.9(0.4) —— 23.57% 0.1[-0.3,0.5]
Subtotal *** 10 10 > 23.57% 0.1[-0.3,0.5]
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.49(P=0.62)
1.17.3 Sequential 110
Faden 1990 13 2.7(0.4) 10 2.7(0.5) —%— 25.9% 0[-0.38,0.38]
Subtotal *** 13 10 <o 25.9% 0[-0.38,0.38]
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.17.4 Sequential 110+0
Faden 1990 13 3.2(0.6) 10 2.9(0.4) T 22.11% 0.3[-0.11,0.71]
Subtotal *** 13 10 @ 22.11% 0.3[-0.11,0.71]
Heterogeneity: Not applicable
Test for overall effect: Z=1.44(P=0.15)
Total *** 46 40 < 100% 0.12[-0.07,0.31]
Heterogeneity: Tau?=0; Chi*=1.15, df=3(P=0.77); 1>=0%
Test for overall effect: Z=1.2(P=0.23)
Test for subgroup differences: Chi*=1.15, df=1 (P=0.77), 1*=0%

Favours OPV 2 -1 0 1 2 Favours IPV-OPV

Analysis 1.18. Comparison 1 IPV-OPV versus OPV, Outcome 18 Long term mean titres of P3 neutralising antibody.

Study or subgroup IPV-OPV OoPV Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.18.1 Sequential 100
Faden 1990 10 1.8(0.9) 10 2.3(0.5) — 20.48% -0.5[-1.14,0.14]
Subtotal *** 10 10 - 20.48% -0.5[-1.14,0.14]

Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.54(P=0.12)

1.18.2 Sequential 100+0
Faden 1990 10 3(0.7) 10 3(0.7) — 21.45% 0[-0.61,0.61]
Subtotal *** 10 10 P 21.45% 0[-0.61,0.61]
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours OPV 2 -1 0 1 2 Favours IPV-OPV
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Study or subgroup IPV-OPV OPV Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.18.3 Sequential 110
Faden 1990 13 2.7(0.4) 10 2.3(0.5) — 33.51% 0.4[0.02,0.78]
Subtotal *** 13 10 @ 33.51% 0.4[0.02,0.78]
Heterogeneity: Not applicable
Test for overall effect: Z=2.07(P=0.04)
1.18.4 Sequential 110+0
Faden 1990 13 3.2(0.6) 10 3(0.7) e 24.56% 0.2[-0.34,0.74]
Subtotal *** 13 10 - 24.56% 0.2[-0.34,0.74]
Heterogeneity: Not applicable
Test for overall effect: Z=0.72(P=0.47)
Total *** 46 40 > 100% 0.08[-0.29,0.45]
Heterogeneity: Tau?=0.07; Chi?=5.92, df=3(P=0.12); 1>=49.34%
Test for overall effect: Z=0.42(P=0.67)
Test for subgroup differences: Chi?=5.92, df=1 (P=0.12), 1>=49.34%

Favours OPV 2 1 0 1 Favours IPV-OPV

Analysis 1.19. Comparison 1 IPV-OPV versus OPV, Outcome
19 Persons with polio faecal excretion after OPV challenge.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.19.1 Persons with P1 faecal excretion
Anand 2015 28/211 38/403 —— 59.81% 1.41[0.89,2.23]
Modlin 1997 42/229 3/73 —.—’ 40.19% 4.46[1.43,13.97]
Subtotal (95% CI) 440 476 e 100% 2.24[0.7,7.12]
Total events: 70 (IPV-OPV), 41 (OPV)
Heterogeneity: Tau?=0.53; Chi*=3.68, df=1(P=0.06); 1*=72.82%
Test for overall effect: Z=1.36(P=0.17)
1.19.2 Persons with P2 faecal excretion
Anand 2015 122/211 131/403 . 98.47% 1.78[1.48,2.13]
Modlin 1997 14/229 2/73 + 1.53% 2.23[0.52,9.59]
Subtotal (95% Cl) 440 476 L 4 100% 1.78[1.49,2.14]
Total events: 136 (IPV-OPV), 133 (OPV)
Heterogeneity: Tau?=0; Chi?=0.09, df=1(P=0.76); 1>=0%
Test for overall effect: Z=6.29(P<0.0001)
1.19.3 Persons with P3 faecal excretion
Anand 2015 29/211 28/403 —— 64.99% 1.98[1.21,3.23]
Modlin 1997 71/229 7/73 —— 35.01% 3.23[1.56,6.71]
Subtotal (95% CI) 440 476 - 100% 2.35[1.47,3.76]
Total events: 100 (IPV-OPV), 35 (OPV)
Heterogeneity: Tau?=0.03; Chi*=1.25, df=1(P=0.26); 1*=20.25%
Test for overall effect: Z=3.56(P=0)
Test for subgroup differences: Chi*=1.25, df=1 (P=0.54), 1*=0%

FavoursIPV-OPV ~ 01 02 05 1 2 5 10 Favours OPV
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Analysis 1.20. Comparison 1 IPV-OPV versus OPV, Outcome 20 Vaccination coverage.

Study or subgroup IPV-OPV OPV log[Risk Risk Ratio Weight Risk Ratio
Ratio]
N N (SE) IV, Random, 95% CI IV, Random, 95% CI

Davis 2001 0 0 -0 (0.005) ‘ 57.67% 0.99[0.98,1]
Davis 2001 0 0 0(0.02) 42.33% 1.04[1,1.08]
Total (95% Cl) * 100% 1.01[0.96,1.06]
Heterogeneity: Tau?=0; Chi=5.69, df=1(P=0.02); 1>=82.43% ‘

Test for overall effect: Z=0.44(P=0.66) ‘

Favours OPV 1 Favours IPV-OPV

Analysis 1.21. Comparison 1 IPV-OPV versus OPV, Outcome 21 Serious adverse events classified by MedDRA.

Study or subgroup IPV-OPV OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Anand 2015 3/211 11/403 — 19.1% 0.52[0.15,1.85]
Li2016a 10/304 8/152 —— 29.03% 0.63[0.25,1.55]
0'Ryan 2015 19/191 20/186 —— 42.52% 0.93[0.51,1.68]
Qiu 2017 23/400 1/101 — 9.36% 5.81[0.79,42.49]
Total (95% Cl) 1106 842 L 100% 0.88[0.46,1.7]
Total events: 55 (IPV-OPV), 40 (OPV)
Heterogeneity: Tau?=0.17; Chi?=4.93, df=3(P=0.18); 1>=39.09%
Test for overall effect: Z=0.39(P=0.7)
Favours IPV-OPY 001 0.1 1 10 100 Favours OPV
Comparison 2. IPV-OPV versus IPV
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

1 Persons with P1 Protective humoral re- 10 2858 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
sponse 95% Cl)
1.1 Sequential 100 4 572 Risk Ratio (M-H, Random, 1.00[0.98, 1.02]

95% Cl)
1.2 Sequential 110(0) 8 1767 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]

95% Cl)
1.3 Sequential IbOI 1 519 Risk Ratio (M-H, Random, 1.05[1.00, 1.10]

95% Cl)
2 Persons with P2 Protective humoral re- 10 2907 Risk Ratio (M-H, Random, 0.97[0.95, 1.00]
sponse 95% Cl)
2.1 Sequential IbObO 2 382 Risk Ratio (M-H, Random, 0.76 [0.64, 0.91]

95% Cl)

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 98

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: \ Cochrane
i Library

Better health.

Trusted evidence.
Informed decisions.

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants

2.2 Sequential 100 3 227 Risk Ratio (M-H, Random, 1.00[0.96, 1.04]
95% Cl)

2.3 Sequential 110(0) 8 1779 Risk Ratio (M-H, Random, 1.00[0.99, 1.01]
95% Cl)

2.4 Sequential I1bOI 1 519 Risk Ratio (M-H, Random, 0.95[0.88,1.02]
95% Cl)

3 Persons with P3 Protective humoral re- 9 2620 Risk Ratio (M-H, Random, 0.99[0.97,1.01]

sponse 95% Cl)

3.1 Sequential I00 4 570 Risk Ratio (M-H, Random, 0.99 [0.96, 1.02]
95% Cl)

3.2 Sequential 110(0) 7 1531 Risk Ratio (M-H, Random, 0.99[0.96, 1.01]
95% CI)

3.3 Sequential IbOI 1 519 Risk Ratio (M-H, Random, 1.01[0.96, 1.05]
95% Cl)

4 Mean titres of P1 neutralising antibody 2 Mean Difference (IV, Random,  Subtotals only
95% Cl)

4.1 Sequential IbObO 1 127 Mean Difference (IV, Random,  1520.59 [1084.80, 1956.38]
95% Cl)

4.2 Sequential 100 1 127 Mean Difference (IV, Random,  799.47 [530.82, 1068.12]
95% Cl)

4.3 Sequential IIbO 1 127 Mean Difference (IV, Random,  866.53 [478.83, 1254.23]
95% Cl)

4.4 Sequential 110 2 363 Mean Difference (IV, Random,  767.90 [337.75, 1198.06]
95% Cl)

5 Mean titres of P2 neutralising antibody 2 Mean Difference (IV, Random,  Subtotals only
95% Cl)

5.1 Sequential IbObO 1 127 Mean Difference (IV, Random, -125.93 [-174.77,-77.09]
95% Cl)

5.2 Sequential 100 1 127 Mean Difference (IV, Random,  142.25[57.65, 226.85]
95% Cl)

5.3 Sequential 1IbO 1 127 Mean Difference (IV, Random,  -83.45 [-133.40, -33.50]
95% Cl)

5.4 Sequential 110 2 362 Mean Difference (IV, Random, 2224.48 [-1145.70,
95% Cl) 5594.67]

6 Mean titres of P3 neutralising antibody 2 Mean Difference (IV, Random,  Subtotals only

95% Cl)
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
6.1 Sequential IbObO 1 127 Mean Difference (IV, Random,  327.62[134.82,520.42]
95% Cl)
6.2 Sequential 100 1 127 Mean Difference (IV, Random,  110.39 [-77.98, 298.76]
95% Cl)
6.3 Sequential IIbO 1 127 Mean Difference (IV, Random,  698.37 [301.06, 1095.68]
95% Cl)
6.4 Sequential 110 2 360 Mean Difference (IV, Random,  184.52[-211.93,580.97]
95% Cl)
7 Long term mean titres of P1 neutralising 1 Mean Difference (IV, Random,  Subtotals only
antibody 95% Cl)
7.1 Sequential 100 1 37 Mean Difference (IV, Random,  -0.20 [-0.73, 0.33]
95% CI)
7.2 Sequential I00+0 1 37 Mean Difference (IV, Random, -0.30 [-0.83, 0.23]
95% Cl)
7.3 Sequential 110 1 40 Mean Difference (IV, Random,  0.40 [-0.04, 0.84]
95% Cl)
7.4 Sequential 110+0 1 40 Mean Difference (IV, Random,  0.90 [0.40, 1.40]
95% Cl)
8 Long term mean titres of P2 neutralising 1 Mean Difference (IV, Random,  Subtotals only
antibody 95% Cl)
8.1 Sequential I00 1 37 Mean Difference (IV, Random,  0.20 [-0.06, 0.46]
95% Cl)
8.2 Sequential I00+0 1 37 Mean Difference (IV, Random,  -0.60 [-0.96, -0.24]
95% Cl)
8.3 Sequential 110 1 40 Mean Difference (IV, Random,  0.10[-0.19, 0.39]
95% Cl)
8.4 Sequential 10+0 1 40 Mean Difference (IV, Random, -0.40[-0.78,-0.02]
95% Cl)
9 Long term mean titres of P3 neutralising 1 Mean Difference (IV, Random,  Subtotals only
antibody 95% Cl)
9.1 Sequential |00 1 37 Mean Difference (IV, Random,  -0.60 [-1.22, 0.02]
95% Cl)
9.2 Sequential I00+0 1 37 Mean Difference (IV, Random, -0.30[-0.76, 0.16]
95% Cl)
9.3 Sequential 110 1 40 Mean Difference (IV, Random,  0.30 [-0.04, 0.64]

95% Cl)
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
9.4 Sequential 110+0 1 40 Mean Difference (IV, Random, -0.10[-0.46, 0.26]
95% Cl)
10 Persons with polio faecal excretion after 3 Risk Ratio (M-H, Random, Subtotals only
OPV challenge 95% Cl)
10.1 Persons with P1 faecal excretion (ibOl) 1 519 Risk Ratio (M-H, Random, 0.27[0.19, 0.39]
95% Cl)
10.2 Persons with P1 faecal excretion (110/ 1 303 Risk Ratio (M-H, Random, 1.04[0.59, 1.84]
1100) 95% Cl)
10.3 Persons with P2 faecal excretion (ibOI/ 2 1048 Risk Ratio (M-H, Random, 0.85[0.68, 1.06]
11bO) 95% Cl)
10.4 Persons with P2 faecal excretion (110/ 1 303 Risk Ratio (M-H, Random, 0.16[0.09, 0.28]
1100) 95% CI)
10.5 Persons with P3 faecal excretion (ibOl) 1 519 Risk Ratio (M-H, Random, 0.37[0.26, 0.54]
95% Cl)
10.6 Persons with P3 faecal excretion (110/ 1 303 Risk Ratio (M-H, Random, 0.40[0.32, 0.50]
1100) 95% Cl)
11 Serious adverse events (=1 symptomre- 2 1063 Risk Ratio (M-H, Random, 0.92[0.60, 1.43]
lated to study drug or not) 95% Cl)

Analysis 2.1. Comparison 2 IPV-OPV versus IPV, Outcome 1 Persons with P1 Protective humoral response.

Study or subgroup IPV-OPV 1PV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

2.1.1 Sequential 100

Faden 1990 17/17 32/33 . — 0.53% 1.02[0.91,1.13]
Jain 1997 24/25 22/25 % 0.22% 1.09[0.92,1.29]
O'Ryan 2015 168/170 89/89 — 9.33% 0.99[0.97,1.01]
Qiu 2017 172/172 41/41 —t 4.86% 1[0.97,1.03]
Subtotal (95% Cl) 384 188 <o 14.94% 1[0.98,1.02]

Total events: 381 (IPV-OPV), 184 (IPV)
Heterogeneity: Tau?=0; Chi?=2.57, df=3(P=0.46); 1>=0%
Test for overall effect: Z=0.43(P=0.67)

2.1.2 Sequential 110(0)

Asturias 2007 147/147 139/139 - 23.14% 1[0.99,1.01]
Faden 1990 18/18 31/32 —_— 0.54% 1.02[0.92,1.13]
Halsey 1997 93/93 93/93 —— 11.79% 1[0.98,1.02]
Modlin 1997 301/308 98/99 — 7.93% 0.99[0.96,1.01]
0'Ryan 2015 181/181 88/88 —4— 16.02% 1[0.98,1.02]
Qiu 2017 171/172 41/41 —_— 4.4% 1[0.97,1.04]
Rennels 2000 119/119 117/117 —— 17.39% 1[0.98,1.02]
Favours IPV 1 Favours IPV-OPV
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Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Yeh 2001 38/40 78/80 E— 0.95% 0.97[0.9,1.05]
Subtotal (95% CI) 1078 689 L 2 82.17% 1[0.99,1.01]
Total events: 1068 (IPV-OPV), 685 (IPV)
Heterogeneity: Tau?=0; Chi*=1.76, df=7(P=0.97); 1>=0%
Test for overall effect: Z=0.28(P=0.78)
2.1.3 Sequential IbOI
Anand 2015 202/211 281/308 e — 2.89% 1.05[1,1.1]
Subtotal (95% Cl) 211 308 i 2.89% 1.05[1,1.1]
Total events: 202 (IPV-OPV), 281 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=2.11(P=0.04)
Total (95% Cl) 1673 1185 L 2 100% 1[0.99,1.01]

Total events: 1651 (IPV-OPV), 1150 (IPV)

Heterogeneity: Tau?=0; Chi?=13.27, df=12(P=0.35); 1>=9.58%
Test for overall effect: Z=0.05(P=0.96)

Test for subgroup differences: Chi*=4.68, df=1 (P=0.1), 1>=57.3%

Favours IPV 1

Favours IPV-OPV

Analysis 2.2. Comparison 2 IPV-OPV versus IPV, Outcome 2 Persons with P2 Protective humoral response.

Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.2.1 Sequential IbObO
O'Ryan 2015 137/170 83/85 — 5.73% 0.83[0.76,0.89]
Qiu 2017 59/86 41/41 —t 2.88% 0.69[0.6,0.8]
Subtotal (95% CI) 256 126 P 8.61% 0.76[0.64,0.91]
Total events: 196 (IPV-OPV), 124 (IPV)
Heterogeneity: Tau?=0.01; Chi*=4.41, df=1(P=0.04); 1*=77.31%
Test for overall effect: Z=3.03(P=0)
2.2.2 Sequential 100
Faden 1990 17/17 33/33 —4— 5.3% 1[0.92,1.09]
Jain 1997 23/25 22/25 —T 2.02% 1.05[0.87,1.26]
Qiu 2017 85/86 41/41 + 8.29% 0.99[0.95,1.04]
Subtotal (95% CI) 128 99 L 4 15.61% 1[0.96,1.04]
Total events: 125 (IPV-OPV), 96 (IPV)
Heterogeneity: Tau?=0; Chi?=0.49, df=2(P=0.78); 1>=0%
Test for overall effect: Z=0.12(P=0.91)
2.2.3 Sequential 110(0)
Asturias 2007 147/147 139/139 9.89% 1[0.99,1.01]
Faden 1990 35/35 32/32 -+ 7.3% 1[0.94,1.06]
Halsey 1997 93/93 93/93 * 9.62% 1[0.98,1.02]
Modlin 1997 306/308 99/99 9.77% 1[0.98,1.01]
O'Ryan 2015 177/180 83/85 +*+ 8.65% 1.01[0.97,1.05]
Qiu 2017 171/172 41/41 +* 8.78% 1[0.97,1.04]
Rennels 2000 118/118 117/117 d 9.8% 1[0.98,1.02]
Favours IPV 05 07 1 152 Favours IPV-OPV
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Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Yeh 2001 38/40 79/80 — 6.09% 0.96[0.89,1.04]
Subtotal (95% CI) 1093 686 69.9% 1[0.99,1.01]
Total events: 1085 (IPV-OPV), 683 (IPV)
Heterogeneity: Tau?=0; Chi?=1.39, df=7(P=0.99); 1>=0%
Test for overall effect: Z=0.15(P=0.88)
2.2.4 Sequential IbOI
Anand 2015 172/211 265/308 —+ 5.88% 0.95[0.88,1.02]
Subtotal (95% Cl) 211 308 <& 5.88% 0.95[0.88,1.02]
Total events: 172 (IPV-OPV), 265 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=1.35(P=0.18)
Total (95% Cl) 1688 1219 4 100% 0.97[0.95,1]
Total events: 1578 (IPV-OPV), 1168 (IPV)
Heterogeneity: Tau?=0; Chi?=135.19, df=13(P<0.0001); 1>=90.38%
Test for overall effect: Z=1.74(P=0.08)
Test for subgroup differences: Chi>=10.82, df=1 (P=0.01), 1>=72.28%

Favours IPV 05 07 1 15 Favours IPV-OPV

Analysis 2.3. Comparison 2 IPV-OPV versus IPV, Outcome 3 Persons with P3 Protective humoral response.

Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.3.1 Sequential 100
Faden 1990 17/17 33/33 3.18% 1[0.92,1.09]
Jain 1997 21/25 25/25 ‘7— 0.84% 0.84[0.7,1.01]
O'Ryan 2015 166/169 87/88 — 11.83% 0.99[0.96,1.02]
Qiu 2017 169/172 41/41 —— 9.41% 0.99[0.95,1.03]
Subtotal (95% CI) 383 187 - 25.26% 0.99[0.96,1.02]
Total events: 373 (IPV-OPV), 186 (IPV)
Heterogeneity: Tau?=0; Chi*=4.47, df=3(P=0.21); 1>=32.92%
Test for overall effect: Z=0.68(P=0.49)
2.3.2 Sequential 110(0)
Asturias 2007 146/147 138/139 —4— 14.99% 1[0.98,1.02]
Faden 1990 18/18 32/32 3.37% 1[0.92,1.09]
Halsey 1997 92/93 93/93 — 11.97% 0.99[0.96,1.02]
Modlin 1997 283/308 99/99 — 10.21% 0.92[0.89,0.96]
O'Ryan 2015 181/181 87/88 T+ 12.39% 1.01[0.99,1.04]
Qiu 2017 172/172 41/41 —t 10.75% 1[0.97,1.03]
Yeh 2001 38/40 75/80 L A— 3.03% 1.01[0.93,1.11]
Subtotal (95% CI) 959 572 ‘ 66.71% 0.99[0.96,1.01]
Total events: 930 (IPV-OPV), 565 (IPV)
Heterogeneity: Tau?=0; Chi*=21.11, df=6(P=0); I>=71.57%
Test for overall effect: Z=0.86(P=0.39)
2.3.3 Sequential 1bOI
Anand 2015 198/211 287/308 [ a— 8.03% 1.01[0.96,1.05]

Favours IPV 1 Favours IPV-OPV
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Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Subtotal (95% CI) 211 308 ‘ 8.03% 1.01[0.96,1.05]
Total events: 198 (IPV-OPV), 287 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=0.3(P=0.76)
Total (95% Cl) 1553 1067 <> 100% 0.99[0.97,1.01]

Total events: 1501 (IPV-OPV), 1038 (IPV)

Heterogeneity: Tau?=0; Chi?=23.72, df=11(P=0.01); 1>=53.62%
Test for overall effect: Z=1.11(P=0.27)

Test for subgroup differences: Chi?=0.52, df=1 (P=0.77), 1*=0%

Favours IPV

Favours IPV-OPV

Analysis 2.4. Comparison 2 IPV-OPV versus IPV, Outcome 4 Mean titres of P1 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.4.1 Sequential IbObO
Qiu 2017 86 1822 41 301.4 (283) } 100% 1520.59[1084.8,1956.38]
(2020.8)
Subtotal *** 86 41 100% 1520.59[1084.8,1956.38]
Heterogeneity: Not applicable
Test for overall effect: Z=6.84(P<0.0001)
2.4.2 Sequential 100
Qiu 2017 86 1100.9 41 301.4 (283) 100% 799.47(530.82,1068.12]
(1203.2)
Subtotal *** 86 41 - 100% 799.47[530.82,1068.12]
Heterogeneity: Not applicable
Test for overall effect: Z=5.83(P<0.0001)
2.4.3 Sequential IIbO
Qiu 2017 86 1168 (1788) 41 301.4(283) —. 100% 866.53[478.83,1254.23]
Subtotal *** 86 41 —lln 100% 866.53[478.83,1254.23]
Heterogeneity: Not applicable
Test for overall effect: Z=4.38(P<0.0001)
2.4.4 Sequential 110
Qiu 2017 86 864.4 41 301.4 (283) —E— 53.43% 563.02[272.7,853.34]
(1311.1)
Rennels 2000 119 1399 117 396 (322.2) ‘ —' 46.57% 1003[635.1,1370.9]
(2021.7)
Subtotal *** 205 158 ——ll 100% 767.9[337.75,1198.06]
Heterogeneity: Tau?=68203.59; Chi*=3.39, df=1(P=0.07); 1*=70.46%
Test for overall effect: Z=3.5(P=0)
Test for subgroup differences: Chi?=8.61, df=1 (P=0.03), 1*=65.16%
Favours IPV l1000 »560 0 5(30 1001;

Favours IPV-OPV
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Analysis 2.5. Comparison 2 IPV-OPV versus IPV, Outcome 5 Mean titres of P2 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.5.1 Sequential IbObO
Qiu 2017 86 11(10.7) 41 136.9 . 100% -125.93[-174.77,-77.09]
(159.4)
Subtotal *** 86 41 * 100% -125.93[-174.77,-77.09]
Heterogeneity: Not applicable
Test for overall effect: Z=5.05(P<0.0001)
2.5.2 Sequential 100
Qiu 2017 86 279.2 (327) 41 136.9 . 100% 142.25[57.65,226.85]
(159.4)
Subtotal *** 86 41 < 100% 142.25[57.65,226.85]
Heterogeneity: Not applicable
Test for overall effect: Z=3.3(P=0)
2.5.3 Sequential IIbO
Qiu 2017 86 53.5(50.8) 41 136.9 . 100% -83.45[-133.4,-33.5]
(159.4)
Subtotal *** 86 41 ¢ 100% -83.45[-133.4,-33.5]
Heterogeneity: Not applicable
Test for overall effect: Z=3.27(P=0)
2.5.4 Sequential 110
Qiu 2017 86 662.7 41 136.9 —— 50.61% 525.72[302.93,748.51]
(1028.5) (159.4)
Rennels 2000 118 4316 117 351(344.1) } 49.39% 3965(3189.57,4740.43]
(4283.8)
Subtotal *** 204 158 —— 100% 2224.48[-1145.7,5594.67]
Heterogeneity: Tau?=5.82959924E6; Chi*=69.81, df=1(P<0.0001); 1=98.57%
Test for overall effect: Z=1.29(P=0.2)
Test for subgroup differences: Chi*=31.27, df=1 (P<0.0001), 1>=90.41%
Favours|Py  -1000  -500 0 500 1000 Favours IPV-OPV

Analysis 2.6. Comparison 2 IPV-OPV versus IPV, Outcome 6 Mean titres of P3 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.6.1 Sequential IbObO
Qiu2017 86  698.1(702) 41 3705 — 100%  327.62[134.82,520.42]
(402.3)
Subtotal *** 86 41 e 100% 327.62[134.82,520.42]
Heterogeneity: Not applicable
Test for overall effect: Z=3.33(P=0)
2.6.2 Sequential 100
Qiu2017 86 4809 41 3705 e 100% 110.39[-77.98,298.76]
(674.5) (402.3)
Subtotal *** 86 41 b 100% 110.39([-77.98,298.76]
Heterogeneity: Not applicable
Test for overall effect: Z=1.15(P=0.25)
Favours Py~ -1000  -500 0 500 1000 Favours IPV-OPV
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Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.6.3 Sequential IIbO
Qiu 2017 86 1068.9 41 370.5 —H 100% 698.37[301.06,1095.68]
(1787.3) (402.3)
Subtotal *** 86 41 —l— 100% 698.37[301.06,1095.68]

Heterogeneity: Not applicable
Test for overall effect: Z=3.45(P=0)

2.6.4 Sequential 110

Qiu 2017 86 778 41 370.5 —a— 45.15% 407.46[139.79,675.13]
(1124.5) (402.3)

Rennels 2000 118 276 (471.7) 115 275(292.3) —*— 54.85% 1[-99.49,101.49]

Subtotal *** 204 156 ‘ 100% 184.52[-211.93,580.97]

Heterogeneity: Tau?=71965.06; Chi*=7.76, df=1(P=0.01); 1>=87.12%
Test for overall effect: Z=0.91(P=0.36)
Test for subgroup differences: Chi?=7.71, df=1 (P=0.05), 1*=61.09%

s
Favours Py~ -1000  -500 0 500 1000 Favours IPV-OPV

Analysis 2.7. Comparison 2 IPV-OPV versus IPV, Outcome 7 Long term mean titres of P1 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.7.1 Sequential 100 ‘
Faden 1990 10 2.1(0.6) 27 2.3(1) . 100% -0.2[-0.73,0.33]
Subtotal *** 10 27 ‘ 100% -0.2[-0.73,0.33]
Heterogeneity: Not applicable
Test for overall effect: Z=0.74(P=0.46)
2.7.2 Sequential 100+0
Faden 1990 10 2.9 (0.6) 27 3.2(1) . 100% -0.3[-0.83,0.23]
Subtotal *** 10 27 ‘ 100% -0.3[-0.83,0.23]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.11(P=0.27)
2.7.3 Sequential 110
Faden 1990 13 2.7(0.4) 27 2.3(1) . 100% 0.4[-0.04,0.84]
Subtotal *** 13 27 & 100% 0.4[-0.04,0.84]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.8(P=0.07)
2.7.4 Sequential 110+0
Faden 1990 13 3.2(0.6) 27 2.3(1) - 100% 0.9[0.4,1.4]
Subtotal *** 13 27 L 4 100% 0.9[0.4,1.4]
Heterogeneity: Not applicable
Test for overall effect: Z=3.54(P=0)
Test for subgroup differences: Chi?=13.89, df=1 (P=0), 1’>=78.4%
Favours IPV -5 2.5 0 25 5 Favours IPV-OPV
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Analysis 2.8. Comparison 2 IPV-OPV versus IPV, Outcome 8 Long term mean titres of P2 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.8.1 Sequential 100 ‘
Faden 1990 10 2.8(0.3) 27 2.6 (0.5) l 100% 0.2[-0.06,0.46]
Subtotal *** 10 27 “ 100% 0.2[-0.06,0.46]
Heterogeneity: Not applicable
Test for overall effect: Z=1.48(P=0.14)
2.8.2 Sequential 100+0
Faden 1990 10 3(0.5) 27 3.6(0.5) -.— 100% -0.6[-0.96,-0.24]
Subtotal *** 10 27 - 100% -0.6[-0.96,-0.24]
Heterogeneity: Not applicable
Test for overall effect: Z=3.24(P=0)
2.8.3 Sequential 110
Faden 1990 13 2.7(0.4) 27 2.6 (0.5) l 100% 0.1[-0.19,0.39]
Subtotal *** 13 27 ‘ 100% 0.1[-0.19,0.39]
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)
2.8.4 Sequential 110+0
Faden 1990 13 3.2(0.6) 27 3.6(0.5) —-— 100% -0.4[-0.78,-0.02]
Subtotal *** 13 27 - 100% -0.4[-0.78,-0.02]
Heterogeneity: Not applicable
Test for overall effect: Z=2.08(P=0.04)
Test for subgroup differences: Chi*=16.46, df=1 (P=0), 1>=81.77%

Favours IPV 2 -1 0 1 2 Favours IPV-OPV

Analysis 2.9. Comparison 2 IPV-OPV versus IPV, Outcome 9 Long term mean titres of P3 neutralising antibody.

Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.9.1 Sequential 100
Faden 1990 10 1.8(0.9) 27 2.4(0.7) —.— 100% -0.6[-1.22,0.02]
Subtotal *** 10 27 ‘ 100% -0.6[-1.22,0.02]
Heterogeneity: Not applicable
Test for overall effect: Z=1.91(P=0.06)
2.9.2 Sequential 100+0
Faden 1990 10 3(0.7) 27 3.3(0.4) —.'N— 100% -0.3[-0.76,0.16]
Subtotal *** 10 27 - 100% -0.3[-0.76,0.16]
Heterogeneity: Not applicable
Test for overall effect: Z=1.28(P=0.2)
2.9.3 Sequential 110
Faden 1990 13 2.7(0.4) 27 2.4(0.7) I 100% 0.3[-0.04,0.64]
Subtotal *** 13 27 b 100% 0.3[-0.04,0.64]
Heterogeneity: Not applicable
Test for overall effect: Z=1.72(P=0.09)

Favours IPV 2 -1 0 1 2 Favours IPV-OPV
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Study or subgroup IPV-OPV 1PV Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.9.4 Sequential 110+0 ‘
Faden 1990 13 3.2(0.6) 27 3.3(0.4) ‘.‘ 100% -0.1[-0.46,0.26]
Subtotal *** 13 27 * 100% -0.1[-0.46,0.26]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.55(P=0.59) ‘
Test for subgroup differences: Chi?=8.29, df=1 (P=0.04), 1*=63.79% ‘
Favours IPV 2 -1 0 1 2 Favours IPV-OPV
Analysis 2.10. Comparison 2 IPV-OPV versus IPV, Outcome
10 Persons with polio faecal excretion after OPV challenge.
Study or subgroup IPV-OPV 1PV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.10.1 Persons with P1 faecal excretion (ibOl)
Anand 2015 28/211 150/308 . 100% 0.27[0.19,0.39]
Subtotal (95% CI) 211 308 L 4 100% 0.27[0.19,0.39]
Total events: 28 (IPV-OPV), 150 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=7.01(P<0.0001)
2.10.2 Persons with P1 faecal excretion (110/1100)
Modlin 1997 42/229 13/74 ‘.‘ 100% 1.04[0.59,1.84]
Subtotal (95% ClI) 229 74 ‘ 100% 1.04[0.59,1.84]
Total events: 42 (IPV-OPV), 13 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=0.15(P=0.88)
2.10.3 Persons with P2 faecal excretion (ibOl/11bO)
Anand 2015 122/211 188/308 - 52.21% 0.95[0.82,1.1]
O'Ryan 2015 155/353 102/176 .‘ 47.79% 0.76[0.64,0.9]
Subtotal (95% CI) 564 484 . 100% 0.85[0.68,1.06]
Total events: 277 (IPV-OPV), 290 (IPV)
Heterogeneity: Tau?=0.02; Chi*=3.77, df=1(P=0.05); 1*=73.48%
Test for overall effect: Z=1.44(P=0.15)
2.10.4 Persons with P2 faecal excretion (110/1100)
Modlin 1997 14/229 29/74 -' 100% 0.16[0.09,0.28]
Subtotal (95% CI) 229 74 L 2 100% 0.16[0.09,0.28]
Total events: 14 (IPV-OPV), 29 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=6.26(P<0.0001)
2.10.5 Persons with P3 faecal excretion (ibOl)
Anand 2015 29/211 114/308 . 100% 0.37[0.26,0.54]
Subtotal (95% Cl) 211 308 <& 100% 0.37[0.26,0.54]
Total events: 29 (IPV-OPV), 114 (IPV)
Heterogeneity: Not applicable
Test for overall effect: Z=5.28(P<0.0001)
Favours IPV-OPV 002 0.1 1 10 50 Favours IPV
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Study or subgroup IPV-OPV IPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.10.6 Persons with P3 faecal excretion (110/1100)
Modlin 1997 71/229 58/74 . 100% 0.4[0.32,0.5]
Subtotal (95% CI) 229 74 ¢ 100% 0.4[0.32,0.5]
Total events: 71 (IPV-OPV), 58 (IPV)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=8(P<0.0001)
Test for subgroup differences: Chi*=61.83, df=1 (P<0.0001), 1>=91.91%
Favours IPV-OPV 0.02 0.1 1 10 50 Favours IPV

Analysis 2.11. Comparison 2 IPV-OPV versus IPV, Outcome 11
Serious adverse events (=1 symptom related to study drug or not).

Study or subgroup IPV-OPV 1PV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
0'Ryan 2015 39/377 23/187 .— 82.13% 0.84[0.52,1.37]
Qiu 2017 23/400 4/99 —— 17.87% 1.42[0.5,4.02]
Total (95% CI) 777 286 L 4 100% 0.92[0.6,1.43]
Total events: 62 (IPV-OPV), 27 (IPV)
Heterogeneity: Tau?=0; Chi*=0.82, df=1(P=0.37); 1>=0%
Test for overall effect: Z=0.35(P=0.72)
Favours IPv-OPY ~ 0.01 0.1 1 10 100 Favours IPV
Comparison 3. IPV(3)-OPV versus IPV(2)-OPV
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Persons with polio protective hu- 1 Risk Ratio (M-H, Random, 95% Cl) Subtotals only
moral response
1.1 P1 protective humoral response 1 137 Risk Ratio (M-H, Random, 95% Cl) 0.98[0.93,1.03]
1.2 P2 protective humoral response 1 137 Risk Ratio (M-H, Random, 95% Cl) 1.0[0.97, 1.03]
1.3 P3 protective humoral response 1 137 Risk Ratio (M-H, Random, 95% Cl) 1.01[0.97, 1.05]

Analysis 3.1. Comparison 3 IPV(3)-OPV versus IPV(2)-OPV,
Outcome 1 Persons with polio protective humoral response.

Study or subgroup IPV(3)-OPV IPV(2)-OPV Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 P1 protective humoral response ‘
Linder 2000 49/50 87/87 . 100% 0.98[0.93,1.03]

0.5 0.7 1 15 2

Favours 2 IPV-OPV Favours 3 IPV-OPV
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Study or subgroup IPV(3)-OPV IPV(2)-OPV Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Subtotal (95% CI) 50 87 f 100% 0.98[0.93,1.03]
Total events: 49 (IPV(3)-OPV), 87 (IPV(2)-OPV) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.94(P=0.35) ‘
3.1.2 P2 protective humoral response ‘
Linder 2000 50/50 87/87 . 100% 1[0.97,1.03]
Subtotal (95% CI) 50 87 # 100% 1[0.97,1.03]
Total events: 50 (IPV(3)-OPV), 87 (IPV(2)-OPV) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Not applicable ‘
3.1.3 P3 protective humoral response ‘
Linder 2000 50/50 86/87 . 100% 1.01[0.97,1.05]
Subtotal (95% Cl) 50 87 # 100% 1.01[0.97,1.05]
Total events: 50 (IPV(3)-OPV), 86 (IPV(2)-OPV) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.37(P=0.71) ‘
Test for subgroup differences: Chi*>=0.98, df=1 (P=0.61), 1*=0% ‘
Favours 2 IPV-OPV 0.5 0.7 1 15 2 Favours 3 IPV-OPV
ADDITIONAL TABLES
Table 1. Countries currently using sequential IPV-OPV schemes (continued)

Country Yearofin- IPV OPV

troduc-

tionin Doses Schedule Doses Schedule

entire

country
Antigua and Barbuda 2015 2 2,4 months 2 6, 18 months
Albania 2014 2 2,4 months 3 6 months; 2, 6 years
Argentina 2017 2 2,4 months 3 6, 15-18 months; 6 years
Bahamas (the) 2017 2 2,4 months 1 6 months
Bahrain 2008 5 2,4, 6,18 months; 5 years 4 4,6, 18 months; 5 years
Barbados 2017 6 2,4,6,18 months; 4.5,10-11 4 6,18 months; 4.5, 10-11

years years

Belize 2017 4 2,4,6,4years 4 4,6, 18 months; 4 years
Bolivia (Plurinational State 2017 1 2 months 4 4,6, 18 months; 4 years
of)
Bosnia and Herzegovina 2008 4 2,4, 5-6 months; 5 years 2 18 months; 14 years

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review)
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Table 1. Countries currently using sequential IPV-OPV schemes (continued)

Brazil 2012 2,4 months 6, 15 months; 4 years

Chile 2017 2 months 6, 18 months

China 2017 2 months 3,4, months; 4 years

Colombia 2017 2 months 6, 18 months; 5 years

Dominica 2017 2,4 months 6, 18 months; 3, 10-12 years

Dominican Republic (the) 2017 2 months 4,6, 18 months; 4 years

Ecuador 2017 2 months 4,6,>1year

Georgia 2017 2,3, 4 months 5,7, 18 months; 4-5,> 14
years

Grenada 2015 2 months 6, 18 months

Guatemala 2017 2 months 4,6, 18 months; 4 years

Guyana 2017 2 months 4,6, 18, months; 4 years

Haiti 2017 1.5 months 2.5,3.5,9 months

Honduras 2017 2 months 4,6, 18 months; 4 years

Israel 2017 2,4,6,12 months 6, 18 months

Jamaica 2017 1.5, 3, 5-6, 18 months; 4-6 3, 5-6, 18 months; 4-6 years

years

Jordan 2005 3,4, 5 months 4,5,9, 18 months; 6 years

Kazakhstan 2013 2,4 months OR 3, 18 months 12 months

Kuwait 2010 2 months 4,6,12,18 months

Lebanon 2012 2 months 4,6, 18 months; 4-5, 10-12,
16-18 years

Mexico 2008 2,4,6,18 months > 6 months; <5 Years

Montenegro 2011 9,17, 23 weeks 18 months; 6, 14 years

Nicaragua 2017 2 months 4,6 months

Oman 2010 9 weeks-2 months 4,6, 18 months; 6, 18 years

Paraguay 2017 2 months 4,6, 18 months; 4 years

Peru 2013 2,4 months 6, 18 months; 4 years

Qatar 2010 2,4 months 4,6, 18 months; 4-6 years

Russian Federation (the) 2008 3, 4.5 months 6, 18,20 months; 14 years

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review)
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Table 1. Countries currently using sequential IPV-OPV schemes (continued)

Saint Kitts and Nevis 2017 1 2 months 4,6, 18 months; 4.5-5, 15
years

Saint Lucia 2017 1 2 months 4, 6,18 months; 5, 11-12
years

Saint Vincent and the 2017 2 2,4 months 6, 18 months

Grenadines

Saudi Arabia 2008 3 2,4, 6 months 6,12, 18 months; 6 years

Serbia 2015 4 2,4,3.5,18 months 7,14 years

Suriname 2017 1 2 months 4,6, 18 months; 4 years

The former Yugoslav Re- 2015 2 2-3.5,6-18 months 7,14 years

public of Macedonia

Trinidad and Tobago 2017 3 2,3, 6 months 4,6, 18 months; 4-5 years

Tunisia 2014 2 2,3 months 6, 18 months; 6,12, 18 years

Turkey 2008 5 2,4, 6,18 months; 6 years 6, 18 months

Ukraine 1959 2 3,4 months 5,18 months; 6, 14 years

United Arab Emirates 2014 1 2 months 4,6, 18 months; 5-6 years

Venezuela (Bolivarian Re- 2017 1 2 months 4,6, 18 months; 4-5 years

public of)

IPV: inactivated poliovirus vaccine; OPV: oral poliovirus vaccine.

Sources: WHO vaccine-preventable diseases: monitoring system. 2018 global summary, available at: apps.who.int/immuniza-
tion_monitoring/globalsummary/schedules (accessed 6 June 2018) and www.who.int/entity/immunization/monitoring_surveillance/da-
ta/year_vaccine_introduction.xls?ua=1 (accessed 6 June 2018)

In summary, 86 countries use OPV-IPV, 3 OPV + IPV, 51 exclusively IPV and 5 exclusively OPV.

The number of countries using use a single IPV dose varies according the scheme used: with IPV-OPV scheme, 21/49 countries (43%) and

with OPV-IPV or OPV+IPV 82/89 (92%).

Table 2. Countries that have used sequential IPV-OPV schemes

Country Schemes Years

Belarus 2 1PV,3 0PV 2014-2016
Bermuda 21PV,2 0PV 2007

Canada 21PV,10PV 1978-1979
Cyprus 2IPV,3 0PV 2003-2008
Croatia 11PV,6 OPV 2003-2008
Denmark 31PV,3 0PV 1968-1997
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Table 2. Countries that have used sequential IPV-OPV schemes (continued)

Gaza 1 0PV, 2 IPV/OPV, 2 OPV 1978-1988
Hungary 11PV,5 0PV 1992-2006
Italy 21PV,2 OPV 1999-2002
Latvia 31PV,3 0PV 2001-2007
Lithuania 41PV, 2 OPV 2004-2007
Malaysia 41PV, 1 OPV 2009-2016
Poland 31PV,1 0PV 1958-2016
Romania 1IPV,5 0PV 2008-2009
Syrian Arab Republic (The) 2 1PV, 4 OPV 2008-2016
USA 21PV,10PV 1997-1999
West Bank 51PV, 2 OPV 1978-1988

IPV: inactivated poliovirus vaccine; OPV: oral poliovirus vaccine.

Table 3. Planned methods that could not be performed

Section Unused methods Reason for

nonuse
Measures of Dichotomous data It was not neces-
treatment effect sary.

We planned to use the Peto odds ratio (OR) for very infrequent outcomes. We planned to
report the risk difference (RD) if the result obtained by this measure was different from
the RR.

Continuous

We planned to calculate the standardised mean difference (SMD) with 95% Cl if the same
outcomes were measured by different scales.

Unit of analysis For studies in which clusters of individuals were randomised (cluster-RCTs, cluster qua- We did not include
issues si-RCTs) or allocated (cluster CBASs) to intervention groups, but where inference isintend-  cluster trials.

ed at the level of the individual, we planned to analyse them appropriately to account

for correlation of observations within clusters. Standard statistical methods assume in-

dependence of observations, and their use in these types of studies will generally result

in artificially small P values and overly narrow Cls for the effect estimates (Ukoumunne

1999). These studies can generally be re-analysed by making assumptions about the in-

tra-cluster correlation (ICC). We planned to obtain estimates of the ICC by contacting

study authors or imputing them from data presented in the study. Where this was not fea-

sible, we planned to use external estimates from similar studies, if available (Campbell

2000). If this was not possible, we planned not to combine the findings of these studies in

a meta-analysis, but to present the results in an additional table. We also planned to com-

bine the adjusted measures of effects of cluster-RCTs with the results of non-cluster trials,

and to perform a Sensitivity analysis on meta-analyses, including cluster-RCTs, in which

we would compare the effect estimates with and without the inclusion of the cluster tri-

als.

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 113
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Table 3. Planned methods that could not be performed (continued)

Dealing with We planned to impute missing dichotomous data through an intention-to-treat (ITT) We did not impute
missing data analysis based on the available data (all participants analysed in the group to which they  dichotomous da-
were allocated, whether they received the allocated intervention or not). We also planned  ta.
to perform a Sensitivity analysis, assigning the worst outcome to those lost to follow-up,
to assess the impact of a 'worse case' scenario.
Subgroup analy- We planned to conduct the following subgroup analyses. We did not have

sis and investi-
gation of hetero-
geneity

« Comorbidities (for example, HIV or tuberculosis)
« Baseline socioeconomic status (where available)

enough data to
perform these
subgroup analy-
ses.

Data synthesis

Where there were multiple, appropriate outcomes, we planned to selected the median ef-
fect. Where there were only two, we planned to selected the more conservative result.

This scenario did
not arise.

We planned to use the generic inverse-variance model of analysis if we needed to com-
bine continuous and dichotomous data or clustered and non-clustered data.

This scenario did
not arise.

We planned to estimate a regression coefficient (with its standard error) that describes
the effect of the interventions. We planned to standardise the direction of effect (for ex-
ample, positive or negative) so that a negative coefficient planned to describe an im-
provement in outcome attributable to the intervention.

We performed an
ARIMA analysis.

It may not be appropriate to combine the results quantitatively when the assessed out-
comes, settings, and interventions are diverse. For these results, we planned to provide a
descriptive summary of the data using one of the following methods:

« median effect size across included studies;
« interquartile ranges of effect sizes across included studies; and
« range of effect sizes across included studies.

In these cases, we
presented the re-
sults of the sub-
group analysis.

Sensitivity analy-
sis

We planned to conduct sensitivity analyses based on the following characteristics.

« Riskof biasin the included studies: we planned to repeat the analysis excluding trials at
high risk of bias for allocation concealment in order to test the robustness of the results.

« Unit of analysis: we planned to compare outcomes from cluster-randomised with out-
comes from individually-randomised trials.

We also planned to conduct additional sensitivity analyses:

« based on specific decisions made during the review process, such as how the intra-clus-
ter correlation coefficients were imputed for cluster trials;

« if one or more studies reported outcomes using either a continuous scale or a dichoto-
mous scale and, in either scenario, were transformed into a dichotomous or continuous
variable respectively; and

» based on the effect of including those lost to follow-up or not, where the available cases
were used as the basis for analysis.

We could not
perform the first
analysis because
no study was at
high risk of bias
for allocation con-
cealment.

We did not include
cluster trials so
did not perform
the third analy-
sis. The last three
scenarios did not
arise.

ARIMA: autoregressive integrated moving average; CBAs: controlled before and after study; Cl: confidence interval; RCT: randomised con-

trolled trial.

Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3

Serotype  Outcome Measure Effect (95% CI) Favours
IPV-OPV vs OPV
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Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3 (continued)

P1 1.1 Persons with protective humoral re- RR 1.00 (0.99 to 1.01) =

sponse

1.1.1 Sequential 100/1000 RR 1.00 (0.98 to 1.02) =

1.1.2 Sequential [10/1100/1110 RR 1.00 (0.99 to 1.01) =

1.1.3 Sequential 101 RR 1.03(0.93to0 1.14) =

1.13 Mean titres of neutralising antibody

1.13.1 Sequential IbObO MD 362.12 (-329.70 to 1053.94) IPV-OPV
(NS)

1.13.2 Sequential 100 MD -181.13 (-594.25 to 231.99) OPV (NS)

1.13.3 Sequential 110 MD -244.37 (-827.31 to 338.57) OPV (NS)

1.13.4 Sequential 1100/I110 MD 439.07 (-354.63 to 1232.77) IPV-OPV
(NS)

1.16 Long-term mean titres of neutralising

antibody

1.16.1 Sequential 100 MD 0.00 (-0.48 t0 0.48) =

1.16.2 Sequential I00 + O MD 0.20 (-0.33t0 0.73) =

1.16.3 Sequential 110 MD 0.60 (0.22 t0 0.98) IPV-OPV

1.16.4 Sequential 1O + O MD 0.50 (0.01 to0 0.99) IPV-OPV

1.19.1 Persons with polio faecal excretion RR 1.86(1.21 t0 2.86) OPV (NS)

after OPV challenge

P2 1.7 Persons with protective humoral re- RR 1.00 (0.97 to 1.04) =

sponse

1.7.1 Sequential IbObO (bOPV) RR 0.85(0.78 t0 0.91) OoPV

1.7.2 Sequential I00/I000 RR 1.00[0.98 to 1.02) =

1.7.3 Sequential 110/1100/1110 RR 1.00 (0.99 to 1.01) =

1.7.4 Sequential IbOI (vs bObObO) RR 5.85(4.10 to 8.34) IPV-OPV

1.7.5 Sequential 1bOI RR 0.82(0.75t0 0.90) OPV

1.7.6 Sequential 101 RR 1.08 (0.99t0 1.17) IPV-OPV
(NS)

1.14 Mean titres of neutralising antibody

1.14.1 Sequential IbObO MD -260.38 (-347.21 to -173.55) OoPV

1.14.2 Sequential I00 MD 28.64 (-22.16 to 79.43) =
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Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3 (continued)

1.14.3 Sequential 11bO MD -217.90 (-305.36 to —130.44) OPV

1.14.4 Sequential 110 MD 267.40 (-83.95t0 618.76) IPV-OPV
(NS)

1.14.5 Sequential [1100/1110 MD 486.17 (-698.02 to 1670.37) IPV-OPV
(NS)

1.17 Long-term mean titres of neutralising

antibody
1.17.1 Sequential 100 MD 0.10 (-0.26 to 0.46) =
1.17.2 Sequential 100 + O MD 0.10 (-0.30 t0 0.50) =
1.17.3 Sequential 10 MD 0.00 (-0.38 t0 0.38) =
1.17.4 Sequential 10+ 0 MD 0.30(-0.11t0 0.71) =
1.10.2 Persons with polio faecal excretion RR 1.79 (1.49to0 2.15) OoPV
after OPV challenge

P3 1.11 Persons with protective humoral re- RR 0.98 (0.96 to 1.00) =
sponse
1.11.1 Sequential IbObO RR 0.70 (0.60 to0 0.82) OoPV
1.11.2 Sequential I00/1000 RR 0.98 ([0.96 to 1.00) =
1.11.3 Sequential 110/1100/1110 RR 0.99 (0.96t0 1.01) =
1.11.4 Sequential 10l RR 0.99 (0.951t0 1.03) =

1.15 Mean titres of neutralising antibody

1.15.1 Sequential IbObO MD 221.03 (9.66 to 432.40) IPV-OPV
1.15.2 Sequential I00 MD 44.07 (-1.47 to 89.61) IPV-OPV
(NS)
1.15.3 Sequential 11bO MD 591.78 (185.14 to 998.42) IPV-OPV
(NS)
1.15.4 Sequential 10 MD 89.97 (8.98 to 170.97) IPV-OPV
1.15.5 Sequential 11100/I110 MD 248.39 (-180.58 to 677.37) IPV-OPV
(NS)

1.18 Long-term mean titres of neutralising

antibody

1.18.1 Sequential 100 MD -0.50 (-1.14 t0 0.14) OPV (NS)

1.18.2 Sequential 100 + O MD 0.00 (-0.61t0 0.61) =

1.18.3 Sequential 110 MD 0.40 (0.02t0 0.78) IPV-OPV
Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 116
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Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3 (continued)

1.18.4 Sequential 10 +0 MD 0.20 (-0.34t0 0.74) =
1.19.3 Persons with polio faecal excretion RR 2.42 (1.60to 3.67) OPV
after OPV challenge

IPV-OPV vs IPV

P1 2.1 Persons with P1 protective humoralre- RR 1.00 (0.99 to 1.01) =
sponse
2.1.1 Sequential I00 RR 0.99 (0.98t0 1.01) =
2.1.2 Sequential 110(0) RR 1.00 (0.99 to 1.01)
2.1.3 Sequential IbOI RR 1.05 (1.00 to 1.10) IPV-OPV
2.4 Mean titres of P1 neutralising antibody  Subtotals only
2.4.1 Sequential IbObO MD 1520.59 (1084.80 to 1956.38) IPV-OPV
2.4.2 Sequential |00 MD 799.47 (530.82 t0 1068.12) IPV-OPV
2.4.3 Sequential I1bO MD 866.53 (478.83 to 1254.23) IPV-OPV
2.4.4 Sequential 10 MD 767.90 (337.75 to 1198.06) IPV-OPV
2.7 Long-term mean titres of P1 neutralis- Subtotals only
ing antibody
2.7.1 Sequential I00 MD -0.20 (-0.73 t0 0.33) =
2.7.2 Sequential I00 + O MD -0.30 (-0.83 t0 0.23) =
2.7.3 Sequential 110 MD 0.40 (-0.04 to 0.84) IPV-OPV

(NS)

2.7.4 Sequential 10 + 0O MD 0.90 (0.40 to 1.40) IPV-OPV
2.10.1 Persons with faecal excretion after RR 0.27 (0.19t0 0.39) IPV-OPV
OPV challenge (ibOl)
2.10.2 Persons with faecal excretion after RR 1.04 (0.59 to 1.84) =
OPV challenge (110/1100)

P2 2.2 Persons with protective humoral re- RR 0.97 (0.94 to 1.00) =
sponse
2.2.1 Sequential IbObO RR 0.76 (0.64 t0 0.91) IPV
2.2.2 Sequential I00 RR 1.00 (0.96 to 1.04) =
2.2.3 Sequential 110(0) RR 1.00 (0.99 to 1.01) =
2.2.4 Sequential IbOI RR 0.95 (0.88t0 1.02) =

2.5 Mean titres of neutralising antibody

Subtotals only
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Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3 (continued)

2.5.1 Sequential IbObO MD -125.93 (-174.77 to -77.09) IPV

2.5.2 Sequential I00 MD 142.25 (57.65 to 226.85) IPV-OPV

2.5.3 Sequential IIbO MD -83.45 (-133.40 to -33.50) IPV

2.5.4 Sequential 110 MD 787.97 (573.84 to 1002.09) IPV-OPV

2.8 Long-term mean titres of neutralising Subtotals only

antibody

2.8.1 Sequential I00 MD 0.20 (-0.06 to 0.46) IPV-OPV
(NS)

2.8.2 Sequential I00 + 0 MD -0.60 (-0.96 to —0.24) IPV

2.8.3 Sequential 110 MD 0.10 (-0.19 t0 0.39) =

2.8.4 Sequential 10+ 0 MD -0.40 (-0.78 to —0.02) IPV

2.10.3 Persons with faecal excretion after RR 0.85 (0.68 to 1.06) IPV-OPV

OPV challenge (ibO1/11bO) (NS)

2.10.4 Persons with faecal excretion after RR 0.16 (0.09t0 0.28) IPV-OPV

OPV challenge (110/1100)

P3 2.3 Persons with protective humoral re- RR 0.99 (0.98 t0 1.01) =

sponse

2.3.1 Sequential I00 RR 0.99 (0.97 to 1.02) =

2.3.2 Sequential 110(0) RR 0.99 (0.96t0 1.01) =

2.3.3 Sequential IbOI RR 1.01 (0.96 to 1.05) =

2.6 Mean titres of neutralising antibody Subtotals only

2.6.1 Sequential IbObO MD 327.62(134.82 t0 520.42) IPV-OPV

2.6.2 Sequential |00 MD 110.39 (-77.98 t0 298.76) IPV-OPV
(NS)

2.6.3 Sequential I1bO MD 698.37 (301.06 to 1095.68) IPV-OPV

2.6.4 Sequential 10 MD 184.52 (-211.93 to 580.97) IPV-OPV
(NS)

2.9 Long-term mean titres of neutralising Subtotals only

antibody

2.9.1 Sequential I00 MD -0.60 (-1.22t0 0.02) IPV

2.9.2 Sequential I00 +0 MD -0.30 (-0.76 t0 0.16) IPV (NS)

2.9.3 Sequential 10 MD 0.30 (—0.04, 0.64) IPV-OPV
(NS)

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review)
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Table 4. Efficacy of IPV-OPV by serotype P1, P2 and P3 (continued)

2.9.4 Sequential 10 +0 MD -0.10 (-0.46 to 0.26) =

2.10.5 Persons with faecal excretion after RR 0.37 (0.26 t0 0.54) IPV-OPV
OPV challenge(ibOl)

2.10.6 Persons with faecal excretion after RR 0.40 (0.32 t0 0.50) IPV-OPV
OPV challenge (110/1100)

Cl: confidence interval; IPV: inactivated poliovirus vaccine; MD: mean difference; NS: non-statistically significant; OPV: oral po-
liovirus vaccine; P: poliovirus; RR: risk ratio; =: non-statistically and non-clinically significant

For definition of each sequence (e.g. sequential 100), see Glossary in Appendix 1.
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Table 5. Main results of economic evaluations identified

Study ID Study pe- Monetary Schedule Total program cost $ mil- Total pro- Totalben- Netincre- Cost per
Country riod unit lions gramsaving  efits $ mental case of
$ millions millions cost $ mil-  VAPP pre-
lions per vented $
year millions
per year
Miller 1996 1980-1991  USD 1995 4 OPV (Ref) 375 - - - -
USA
41PV 414.5 - 11.4 28.1 3
20PV2IPV 395.4 - 5.7 14.7 3.1

Summary: cost-benefit and cost-effectiveness models were formulated to compare the USA national 4-OPV dose with a 4-dose IPV schedule or a sequential schedule of

2 doses of IPV followed by 2 doses of OPV. Changing to an IPV-only or a sequential schedule would cost $28.1 million and $14.7 million, respectively. The costs per case of
VAPP prevented were estimated as $3.0 million and $3.1 million for each option, respectively. It concluded that the introduction of IPV into the routine vaccination schedule
would not be cost-beneficial at 1995 vaccine prices and with the current compensation awards paid to VAPP cases since, the costs are higher than other public health pre-

vention programs.

Biffi 2003 2000 (life Euros 4 OPV (Ref)
Italy expectan- 2000
cyof 75 20PV2IPV
years)

2.8

2.9

Summary: in Italy, a sequential schedule based on two IVP doses followed by two OPV doses replaced in 1999 the OPV-only schedule to reduce the incidence of VAPP, the
most dangerous adverse event of OPV. Assuming an hypothetical VAPP reduction, an economic evaluation estimated that a sequential schedule would avoid 0.768 cas-
es/year; however, the costs of the sequential schedule outweigh the expected economic benefits associated with a decreased incidence of VAPP.

Mascarefias 2002 USD 2002 4 OPV (Ref) - - - - -

2005

Mexico NIW 100,454 to 156,614 - - - -
41PV . 28.8 . B .
20PV2IPV - 18.6 - - -

Summary: a prospective Mexican, micro-costing study estimated that changing from the current OPV-based intensive and routine schedule to a sequential IPV-OPV routine
schedule would save US $14.52 per vaccinated child, and changing to a full IPV routine schedule would save US $9.41 per vaccinated child. It also estimated a national im-

munisation week (NIW) cost.

Sartori 2015 2011
Brazil

USD2011  50PV+2NIDs (Ref)

19,873,170

11PV4 OPV

14,608,419

-26.50%
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Table 5. Main results of economic evaluations identified (continued)

2IPV3 0PV 22,852,799 15.00% - - -
3IPV2 0PV 31,283,072 57.40% - - -
41PV 4 38,936,547 95.90% - - -
51PV 41,681,259 109.70% - - -
1IPV4 OPV +1NID 21,409,159 7.70% - - -
2IPV3 0PV +1NID 29,653,539 49.20% - - -
3IPV2OPV +1NID 38,083,812 91.60% - - -
41PV4+1NID 45,737,287 130.20% - - -
51PV+1NID 48,481,999 143.90% - - -
11PV4 OPV +2 NID 28,209,899 41.90% - - -
2IPV3 OPV+2NID 36,454,279 83.40% - - -
3IPV2OPV+2NID 44,884,552 125.90% - - -
41PV4+2NID 52,538,027 164.40% - - -
5IPV +2 NID 55,282,740 178.20% - - -

Summary: the introduction of IPV in Brazil increased the annual costs of the polio vaccines by 49.2% compared with the oral vaccine-only regimen.
ed 1.13% of the expenditure of the national immunisation program on the purchase of vaccines in 2011.

This increase represent-

Duintjer - - HIC: IPV 6100 - - - -
Tebbens
2006 HIC: AFP 800 - - B .
Wordwide
Total 6900 - - - i
UMIC: IPV 1300 - - - _
UMIC: SIAs 1700 - - - _
UMIC: OPV 700 - - - _
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Table 5. Main results of economic evaluations identified (continued)

UMIC: AFP

400

Total

4100

LMIC: IPV

3100

LMIC: SIAs

2100

LMIC: OPV

1100

LMIC: AFP

700

Total

7000

LIC: IPV

3900

LIC: SIAs

1700

LIC: OPV

1900

LIC: AFP

1100

LIC: Total

8600
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Summary: a model for the expected future costs of different polio strategies estimated that a global transition from routine immunisation with OPV to IPV would increase
the costs of managing polio globally, although routine IPV use remains less costly than routine OPV use with supplemental immunisation activities. The uncertainty in the
aggregated costs, the discount rate and price and administration cost of IPV drives the expected incremental cost of routine IPV vs OPV immunisation.

Duintjer 2013-2052 USD2013  tOPV (Ref) - - - - -

Tebbens

2015 LIC: = 1PV no SIAs - - 4700 - -

200 coun-

tries LMIC: =1 IPV no SlAs - - 15,000 - -
UMIC: = 1PV no SIAs - - -400 - -
HIC: =1 IPV no SIAs - - -3500 - -
World: =1 IPV no SlAs - - 16,000 - -

Summary: an integrated dynamic poliovirus transmission and stochastic risk model simulated possible futures and estimate the health and economic outcomes of main-
taining the 2013 status quo of continued OPV use in most developing countries compared with OPV cessation policies with various assumptions about global IPV adoption.
The authors estimated a global incremental net benefits during 2013-2052 of approximately 16 US $2013 billion (almost 20 billion in LMICs) with at least one IPV routine
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Table 5. Main results of economic evaluations identified (continued)
immunisation dose in all countries until 2024 compared to continued OPV use, although significant uncertainty remains associated with the frequency of exportations be-
tween populations and the implementation of long-term risk-management policies.

AFP: acute flaccid paralysis; HIC: high-income country; IPV: inactivated poliovirus vaccine; LIC: low-income country;LMIC: lower-middle income country; NID: national im-
munisation days;NIW: national immunisation week; OPV: oral poliovirus vaccine; SIA: supplemental immunisation days; UM: upper-middle-income country; USD: US dol-
lars; VAPP: vaccine-associated paralytic poliomyelitis.

For definition of schedules (e.g. sequential I00), see Glossary in Appendix 1.
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APPENDICES

Appendix 1. Glossary

Advisory Committee on Immunization Practices ACIP
Auto regressive integrated moving average ARIMA
Ambiguous vaccine-derived poliovirus aVDPV
Bivalent oral polio vaccine bOPV
Two doses of IPV followed by one dose of bOPV 1IbO
Two doses of IPV followed by two doses of bOPV 1IbObO
One dose of IPV followed by two doses of bOPV IbObO
Certainty of the Evidence CoE
Circulating vaccine-derived poliovirus cVDPV
contact VAPP cVAPP
Controlled before and after CBA
Confidence intervals Cl
Controlled interrupted time series CITS
Expanded program for immunization EPI
Effective Practice and Organisation of Care EPOC
Early review organizing software EROS
Fractional Inactivated poliovirus vaccine fIPv
Geometric Mean Titre GMT
High-income countries HICs
Human immunodeficiency virus HIV
Health maintenance organisations HMOs
Schedule of IPV sequence |
Intracluster correlation ICC
Two doses of IPV followed by one dose of tOPV 110
Two doses of IPV followed by two doses of tOPV 1100
One dose of IPV followed by two doses of tOPV 100

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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(Continued)

One dose of IPV followed by three doses of tOPV 1000
IPV and tOPV given simultaneously (1+0)
Inactivated poliovirus vaccine 1PV
Sequential inactivated poliovirus vaccine-oral poliovirus vaccine IPV-OPV
Interrupted time series studies ITS
Intention-to-treat ITT
Immunodeficiency-related vaccine-derived poliovirus iVDPV
Low- and middle-income countries LMICs
Mean difference MD
Medical Dictionary for Regulatory Activities Terminology MedDRA
Monovalent oral polio vaccine type 1 mOPV1
Monovalent oral polio vaccine type 2 mOPV2
Monovalent oral polio vaccine type 3 mOPV3
Schedule of OPV sequence (trivalent) (o]
Schedule of OPV sequence (bivalent) b0

Oral poliovirus vaccine OPV
Odds ratio OR
Poliovirus Serotype 1 P1
Poliovirus Serotype 2 P2
Poliovirus Serotype 3 P3
Quasi-randomised controlled trial Quasi-RCT
Randomised controlled trial RCT
recipient VAPP rVAPP
Risk ratio RR

Risk difference RD
Sabin IPV sIPV
Serious Adverse Event SAE
Standardised mean difference SMD
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Trivalent oral polio vaccine toPV
Uncontrolled before and after UBA
United States us
Vaccine-associated paralytic poliomyelitis VAPP
Vaccine-derived polioviruses VDPVs
World Health Organization WHO
Wild poliovirus WPV

Appendix 2. EPOC Data Collection Checklist: Study design
Data Collection Checklist: Study design

Randomised controlled trial (RCT) i.e. a trial in which the participants (or other units) were definitely assigned prospectively to one or two
(or more) alternative forms of health care using a process of random allocation (e.g. random number generation, coin flips).

Controlled clinical trial (CCT)may be a trial in which participants (or other units) were:

a) definitely assigned prospectively to one or two (or more) alternative forms of health care using a quasi-random allocation method (e.g.
alternation, date of birth, patient identifier) or;

b) possibly assigned prospectively to one or two (or more) alternative forms of health care using a process of random or quasi-random
allocation.

Controlled before and after study (CBA) i.e. involvement of intervention and control groups other than by random process, and inclusion
of baseline period of assessment of main outcomes. There are two minimum criteria for inclusion of CBAs in EPOC reviews:

a) Contemporaneous data collection
Score DONE pre- and post-intervention periods for study and control sites are the same.

Score NOT CLEAR if it is not clear in the paper, e.g. dates of collection are not mentioned in the text. (N.B. the paper should be discussed
with the contact editor for the review before data extraction is undertaken).

Score NOT DONE if data collection was not conducted contemporaneously during pre- and post-intervention periods for study and control
sites.

b) Appropriate choice of control site
Studies using second site as controls:

Score DONE if study and control sites are comparable with respect to dominant reimbursement system, level of care, setting of care, and
academic status.

Score NOT CLEAR if not clear from paper whether study and control sites are comparable. (N.B. the paper should be discussed with the
contact editor for the review before data extraction is undertaken).

Score NOT DONE if study and control sites are not comparable.

Interrupted time series (ITS) i.e. a change in trend attributable to the intervention. There are two minimum criteria for inclusion of ITS
designs in EPOC reviews:

a) Clearly defined point in time when the intervention occurred
Score DONE if reported that intervention occurred at a clearly defined point in time.

Score NOT CLEAR if not reported in the paper (will be treated as NOT DONE if information cannot be obtained from the authors).
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b) At least three data points before and three after the intervention
Score DONE if three or more data points before and three or more data points recorded after the intervention.

Score NOT CLEAR if not specified in paper e.g. number of discrete data points not mentioned in text or tables (will be treated as NOT DONE
ifinformation cannot be obtained from the authors).

Score NOT DONE if less than three data points recorded before and three data points recorded after intervention.

Uncontrolled before and after study (UBA), also called before and after study. There is only one criteria, which is: nationwide studies
evaluating the impact of changing the vaccination policy to sequential IPV-OPV vaccination schemes.

Appendix 3. Record of searches

Database Search Date Number of
date range/issue records
CENTRAL (Cochrane Library) 15 August 2014 2014 Issue 7 (July) 99
11 August 2015 2015 Issue 7 (July) 7
22 July 2016 2016 Issue 7 (July) 2
11 May 2018 2018 Issue 5 (May) 0
14 May 2019 2019 Issue 5 (May) 29
MEDLINE (OVID) 13 August 2014 1946 to July Week 52014 1075
11 August 2015 1946 to July Week 52015 48
22 July 2016 1946 to July Week 52016 119
11 May 2018 1946 to July Week 32018 145
14 May 2019 1946 to April Week 32019 71
Embase (OVID) 13 August 2014 1980 to 2014 Week 32 1811
11 August 2015 1980 to 2015 Week 32 126
22 July 2016 1980 to 2016 Week 29 124
11 May 2018 1980 to 2018 Week 18 54
14 May 2019 1980 to 2019 Week 18 54
Science Citation Index (Web 13 August 2014 1970 to 8 August 2014 435
of Science)
11 August 2015 1970 to 11 August 2015 71
22 July 2016 1970 to 22 July 2015 117
11 May 2018 1970 to 11 May 2015 109
14 May 2019 all available years 93
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(Continued)
CCPI-S 13 August 2014 1990 to 8 August 2014 38
11 August 2015 1990 to 11 August 2015 0
21 May 2018 1990 to 11 May 2018 3
23 July 2019 1990 to 23 July 2019 1
SCOPUS 13 August 2014 current issue 1600
11 August 2015 current issue 80
21 May 2018 current issue 223
23 July 2019 currentissue 82
LILACS 13 August 2014 current issue 12
11 August 2015 current issue 0
22 July 2016 current issue 1
11 May 2018 current issue 1
14 May 2019 currentissue 1
Cochrane Database of Sys- 15 August 2014 2014 Issue 8 (August) 1
tematic Reviews
11 August 2015 2015 Issue 8 (August) 0
22 July 2016 2016 Issue 7 (July) 0
11 May 2018 2018 Issue 5 (May) 2
31 July 2019 2019 Issue 7 (July) 0
Database of Abstracts of Re- 15 August 2014 2014 Issue 3 (July) 2
views of Effects
11 August 2015 2015 Issue 2 (April) 0
IndMEd 15 August 2014 current issue 7
(indmed.nic.in) 11 August 2015 current issue 1
30 August 2016 current issue 0
11 May 2018 current issue 0
31 July 2019 Not accessible 0
IBECS 13 August 2014 current issue 8
(rjeeg)(i'(;r;]a;.?tl);/:::ﬁorg/php/in— 11 August 2015 current issue 0
11 May 2018 current issue 0
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14 May 2019 current issue 0
PAHO- PAHO HQ Library Cat- 13 August 2014 current issue 12
alog
. ) 11 August 2015 current issue 0
regional.bvsalud.org/php/in-
2lang=
dex.php?lang=en 22 July 2016 current issue 0
11 May 2018 current issue 0
2 June 2019 current issue 0
WHOLIS 13 August 2014 current issue 11
regional.bvsalud.org/php/in- 11 Aygust 2015 current issue 0
dex.php?lang=en
11 May 2018 current issue 0
23 July 2019 current issue 0
IMSEAR (imsear.li.mahi- 15 August 2014 current issue 28
dol.ac.th/)
11 August 2015 current issue 1
30 August 2016 current issue 0
11 May 2018 current issue -
IMSEAR (www.globalhealthli- 31 July 2019 current issue 1
brary.net/php/index.php)
SciELO 15 August 2014 current issue 5
11 August 2015 current issue 16
22 July 2016 current issue 0
11 May 2018 currentissue 3
1 June 2019 current issue 4
African Index Medicus (in- 15 August 2014 current issue 1
dexmedicus.afro.who.int)
11 August 2015 current issue 0
11 May 2018 current issue 0
African Index Medicus 31 July 2019 current issue 0
(www.globalhealthli-
brary.net/php/index.php)
IMEMR 15 August 2014 current issue 5
(Yvww.emro.whp.int/informa— 11 August 2015 current issue 0
tion-resources/imemr-data-
base/) 22 July 2016 current issue 0
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11 May 2018 current issue 0
IMEMR 31 July 2019 current issue 1
(www.globalhealthli-
brary.net/php/index.php)
ICTRP 11 May 2018 current issue 11
(apps.who.int/trialsearch/Ad- 1, July 2019 current issue 0
vSearch.aspx)
ClinicalTrials.gov 11 May 2018 current issue 33
(www.clinicaltrials.gov/ct2/ 2 June 2019 current issue 11
home)
ISRCTN 11 May 2018 currentissue 3
(www.controlled-trials.com)
ISRCTN 2 June 2019 current issue 0
(www.isrctn.com)
All databases Deduplicat-
ed
Subtotal 2014 5292 2997
Subtotal 2015 350 231
Subtotal 2016 363 80
Subtotal 2018 585 458
Subtotal 2019 368 136
Total 6958 3902

Appendix 4. Search strategies
Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library

#1 [mh "Poliovirus Vaccine,oral"]

#2 (polio* near/5 (activ* or oral* or live or attenuated))

#3 (OPV* or mOPV* or bOPV* or tOPV* or Sabin)

#4 #1 or#2 or #3

#5 [mh "Poliovirus Vaccine, Inactivated"]

#6 (polio* near/5 (inactiv* or in-activ* or injectable or injection* or killed))
#7 (Salk or IPV* or elPV*)

#8 #5 or #6 or #7

#9 #4 and #8 in Trials

MEDLINE Ovid

1 Poliovirus Vaccine,oral/
2 (polio$ adj5 (activ$ or oral$ or live or attenuated)).tw.
3 (OPVS or mOPVS or bOPVS or tOPVS or Sabin).tw.
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40r/1-3

5 Poliovirus Vaccine, Inactivated/

6 (polio$ adj5 (inactiv$ or in-activ$ or injectable or injection$ or killed)).tw.
7 (Salk or IPVS or elPVS).tw.

8 or/5-7

94and8

10 exp animals/ not humans/

119not 10

Embase Ovid

1 oral poliomyelitis vaccine/

2 (polio$ adj5 (activ$ or oral$ or live or attenuated)).tw.

3 (OPVS or mOPVS or bOPVS or tOPVS or Sabin).tw.

40r/1-3

5 poliomyelitis vaccine/

6 (polio$ adj5 (inactiv$ or in-activ$ or injection$ or injectable or killed)).tw.
7 (Salk or IPVS or elPVS$).tw.

85o0r6or7

94and 8

10 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
11 human/ or normal human/ or human cell/

1210and 11

1310not12

149 not 13

15 remove duplicates from 14

Science Citation Index Web of Science

#7 #6 AND #3

DocType=All document types; Language=All languages;

#6 #5 OR #4

DocType=All document types; Language=All languages;
#5TS=(Salk or IPV* or elPV*)

DocType=All document types; Language=All languages;
#4TS=(polio* NEAR/5 (inactiv* or in-activ* or injectable or injection* or killed))
DocType=All document types; Language=All languages;
#3#2OR#1

DocType=All document types; Language=All languages;
#2TS=(OPV* or mOPV* or bOPV* or tOPV* or Sabin)
DocType=All document types; Language=All languages;
#1TS=(polio* NEAR/5 (activ* OR oral* OR live OR attenuated))
DocType=All document types; Language=All languages;

Conference Proceedings Citation Index - Science Web of Science

#7 #6 AND #3

DocType=All document types; Language=All languages;

#6 #5 OR #4

DocType=All document types; Language=All languages;
#5TS=(Salk or IPV* or elPV*)

DocType=All document types; Language=All languages;
#4TS=(polio* NEAR/5 (inactiv* or in-activ* or injectable or injection™ or killed))
DocType=All document types; Language=All languages;

#3 #2 OR#1

DocType=All document types; Language=All languages;
#2TS=(OPV* or mOPV* or bOPV* or tOPV* or Sabin)
DocType=All document types; Language=All languages;
#1TS=(polio* NEAR/5 (activ* OR oral* OR live OR attenuated))
DocType=All document types; Language=All languages;
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SCOPUS Elsevier

((TITLE-ABS-KEY((polio* W/5 (activ* OR oral*)))) OR ((TITLE-ABS-KEY(opv OR mopv OR bopv OR topv OR sabin)) AND (TITLE-ABS-KEY(po-
lio*)))) AND (((TITLE-ABS-KEY(polio*)) AND (TITLE-ABS-KEY((salk OR ipv OR eipv)))) OR (TITLE-ABS-KEY(polio* W/5 (inactiv* OR in-activ*))

LILACS regional.bvsalud.org/php/index.php?lang=en

(tw:((tw:((polio* AND oral) OR sabin OR opv)) OR (mh:("poliovirus vaccine, oral")) AND (tw:((polio* AND inactiv*) OR (polio* AND in-activ*)
ORsalk ORipv)) OR (mh:(("poliovirus vaccine, inactivated")))) AND (instance:"regional") AND ( db:("LILACS"))

Cochrane Database of Systematic Reviews (CDSR), part of the Cochrane Library

#1[mh "Poliovirus Vaccine,oral"]

#2(polio* near/5 (activ* or oral* or live or attenuated)):ti,ab

#3(OPV* or mOPV* or bOPV* or tOPV* or Sabin)

#4#1 or #2 or #3

#5[mh "Poliovirus Vaccine, Inactivated"]

#6(polio* near/5 (inactiv* or in-activ* or injectable or injection™ or killed)):ti,ab
#7(Salk or IPV* or elPV*):ti,ab

#8#5 or #6 or #7 in CDSR

Database of Abstracts of Reviews of Effects (DARE), part of the Cochrane Library

#1[mh "Poliovirus Vaccine,oral"]

#2(polio* near/5 (activ* or oral* or live or attenuated)):ti,ab

#3(OPV* or mOPV* or bOPV* or tOPV* or Sabin)

#4#1 or #2 or #3

#5[mh "Poliovirus Vaccine, Inactivated"]

#6(polio* near/5 (inactiv* or in-activ* or injectable or injection* or killed)):ti,ab
#7(Salk or IPV* or elPV*):ti,ab

#8#5 or #6 or #7 in Other Reviews

IndMED (indmed.nic.in/)
((polio AND inactiv) OR (polio AND killed) OR (polio AND inject) OR IPV OR Salk) AND ((polio AND oral) OR OPV OR (polio AND live) OR sabin)

IBECS (regional.bvsalud.org/php/index.php?lang=en)

(tw:((polio* AND oral))) OR (tw:(sabin OR opv)) OR (tw:("poliovirus vaccine oral")) AND (tw:((polio* AND inactiv*))) OR (tw:(salk)) OR (tw:
(ipv)) OR (mh:("poliovirus vaccine, inactivated")) AND (instance:"regional")) AND (instance:"regional") with IBECS filter selected

PAHO- PAHO HQ Library Catalog (regional.bvsalud.org/php/index.php?lang=en)

(tw:((polio* AND oral))) OR (tw:(sabin OR opv)) OR (tw:("poliovirus vaccine oral")) AND (tw:((polio* AND inactiv*))) OR (tw:(salk)) OR (tw:
(ipv)) OR (mh:("poliovirus vaccine, inactivated")) AND (instance:"regional")) with PAHO filter selected

WHOLIS (regional.bvsalud.org/php/index.php?lang=en)

(tw:((polio* AND oral))) OR (tw:(sabin OR opv)) OR (tw:("poliovirus vaccine oral")) AND (tw:((polio* AND inactiv*))) OR (tw:(salk)) OR (tw:
(ipv)) OR (mh:("poliovirus vaccine, inactivated")) ) AND (instance:"regional") with WHOLIS filter selected

IMSEAR (Index Medicus for South East Asia Region)
Between 2014 and 2016, IMSEAR was searched viaimsear.li.mahidol.ac.th/

Advanced search (("inactivated poliovirus" OR "inactivated polio vaccine" OR IPV OR "killed polio vaccine" OR "killed polio virus" OR
"injectable polio vacccine") AND ("oral poliovirus" OR "oral polio vaccine" OR "live polio vaccine" OR OPV OR bOPV OR tOPV))

In 2019 IMSEAR was searched via Global Index Medicus (www.globalhealthlibrary.net/php/index.php)

(tw:(polio*)) AND (tw:(salk OR ipv OR eipv OR inactiv* OR in-activ* )) AND (tw:(opv* OR mopv* OR bopv* OR topv* OR sabin OR activ* OR
oral)) AND (instance:"ghl") AND ( db:("IMSEAR"))

SciELO ( scielo.org/php/index.php?lang=en)
#3Expression: #1 and #3

#2Expression: (oral AND polio$) OR (live AND polio$) OR OPV OR bOPV OR tOP

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 132
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
i Ibrary Better health. Cochrane Database of Systematic Reviews

#1Expression: ( polio$ AND inactiv$) OR (polio$ AND inject$) OR (polio$ AND killed) OR IPV

African Index Medicus (indexmedicus.afro.who.int/)

(polio$ AND inactiv$ ) OR IPV OR (polio$ AND killed) OR (polio$ AND inject$) [Key Word] and (polio$ AND oral) OR OPV OR bOPB OR tOPV
OR (live AND polio$) [Key Word]

IMEMR (Index Medicus for the Eastern Mediterranean Region)

Between 2014 and 2016, IMEMR was searched via www.emro.who.int/information-resources/imemr-database/

(inactivs AND polio$) OR (inject$ AND polio$) OR (IPV AND polio$) OR (killed AND polio$) [KeyWords] and (oral AND polio$) OR (live AND
polio$) OR OPV [KeyWords]

In 2019 IMEMR was searched via Global Index Medicus (www.globalhealthlibrary.net/php/index.php)

(tw:(polio*)) AND (tw:(salk OR ipv OR eipv OR inactiv* OR in-activ* )) AND (tw:(opv* OR mopv* OR bopv* OR topv* OR sabin OR activ* OR
oral)) AND (instance:"ghl") AND ( db:("IMEMR"))

ICTRP (International Clinical Trials Registry Platform apps.who.int/trialsearch/)
Polio AND Vaccine

ClinicalTrials.gov (clinicaltrials.gov/)

IPV OR OPV

ISRCTN registry (www.isrctn.com/)

Polio AND Vaccine

Appendix 5. Criteria for judging the risk of bias in RCTs and quasi-RCTs
RANDOM SEQUENCE GENERATION

Selection bias (biased allocation to interventions) due to inadequate generation of a randomised sequence.

Criteria for a judgement of The investigators describe a random component in the sequence generation process such as:

'low’ risk of bias.
« Referring to a random number table;

« Using a computer random number generator;

« Cointossing;

« Shuffling cards or envelopes;

« Throwing dice;

« Drawing of lots;

« Minimization*.

*Minimization may be implemented without a random element, and this is considered to be equiv-
alent to being random.

Criteria for the judgement of  The investigators describe a non-random component in the sequence generation process. Usually,
'high' risk of bias. the description would involve some systematic, non-random approach, for example:

« Sequence generated by odd or even date of birth;
« Sequence generated by some rule based on date (or day) of admission;
« Sequence generated by some rule based on hospital or clinic record number.

Other non-random approaches happen much less frequently than the systematic approaches men-
tioned above and tend to be obvious. They usually involve judgement or some method of non-ran-
dom categorization of participants, for example:

« Allocation by judgement of the clinician;
«+ Allocation by preference of the participant;
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« Allocation based on the results of a laboratory test or a series of tests;
« Allocation by availability of the intervention.

Criteria for the judgement of
'unclear’ risk of bias.

Insufficient information about the sequence generation process to permit judgement of ‘low' or
‘high’ risk of bias.

ALLOCATION CONCEALMENT

Selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment.

Criteria for a judgement of
'low' risk of bias.

Participants and investigators enrolling participants could not foresee assignment because one of
the following, or an equivalent method, was used to conceal allocation:

« Central allocation (including telephone, web-based, and pharmacy-controlled randomisation);
« Sequentially numbered drug containers of identical appearance;
« Sequentially numbered, opaque, sealed envelopes.

Criteria for the judgement of
'high' risk of bias.

Participants or investigators enrolling participants could possibly foresee assignments and thus in-
troduce selection bias, such as allocation based on:

« Usingan open random allocation schedule (e.g. a list of random numbers);

« Assignmentenvelopes were used withoutappropriate safeguards (e.g. if envelopes were unsealed
or nonopaque or not sequentially numbered);

« Alternation or rotation;

« Date of birth;

« Case record number;

« Any other explicitly unconcealed procedure.

Criteria for the judgement of
'unclear’ risk of bias.

Insufficient information to permit judgement of 'low' or 'high' risk. This is usually the case if the
method of concealment is not described or not described in sufficient detail to allow a definite
judgement - for example, if the use of assignment envelopes is described but it remains unclear
whether envelopes were sequentially numbered, opaque, and sealed.

BLINDING OF PARTICIPANTS AND PERSONNEL

Performance bias due to knowledge of the allocated interventions by participants and personnel during the study.

Criteria for a judgement of
'low’ risk of bias.

Any one of the following:

« No blinding or incomplete blinding, but the review authors judge that the outcome is not likely
to be influenced by lack of blinding;

« Blinding of participants and key study personnel ensured, and unlikely that the blinding could
have been broken.

Criteria for the judgement of
'high' risk of bias.

Any one of the following:

« No blinding orincomplete blinding, and the outcome is likely to be influenced by lack of blinding;

« Blinding of key study participants and personnel attempted, but likely that the blinding could
have been broken, and the outcome is likely to be influenced by lack of blinding.

Criteria for the judgement of
'unclear’ risk of bias.

Any one of the following:

« Insufficient information to permit judgement of ‘low’ or ‘high' risk of bias;
« The study did not address this outcome.

BLINDING OF OUTCOME ASSESSMENT

Detection bias due to knowledge of the allocated interventions by outcome assessors.
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Criteria for a judgement of
'low’ risk of bias.

Any one of the following:

No blinding of outcome assessment, but the review authors judge that the outcome measurement
is not likely to be influenced by lack of blinding;

Blinding of outcome assessment ensured, and unlikely that the blinding could have been broken.

Criteria for the judgement of
'high' risk of bias.

Any one of the following:

No blinding of outcome assessment, and the outcome measurement is likely to be influenced by
lack of blinding;

Blinding of outcome assessment, but likely that the blinding could have been broken, and the
outcome measurement is likely to be influenced by lack of blinding.

Criteria for the judgement of
'unclear’ risk of bias.

Any one of the following:

Insufficient information to permit judgement of ‘low’ or ‘high' risk of bias;
The study did not address this outcome.

INCOMPLETE OUTCOME DATA

Attrition bias due to amount, nature or handling of incomplete outcome data.

Criteria for a judgement of
'low’ risk of bias.

Any one of the following:

No missing outcome data;

Reasons for missing outcome data unlikely to be related to true outcome (for survival data, cen-
soring unlikely to be introducing bias);

Missing outcome data balanced in numbers across intervention groups, with similar reasons for
missing data across groups;

For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk not enough to have a clinically relevant impact on the intervention effect estimate;
For continuous outcome data, plausible effect size (difference in means or standardized differ-
ence in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size;

Missing data have been imputed using appropriate methods.

Criteria for the judgement of
'high' risk of bias.

Any one of the following:

Reason for missing outcome data likely to be related to true outcome, with either imbalance in
numbers or reasons for missing data across intervention groups;

For dichotomous outcome data, the proportion of missing outcomes compared with observed
event risk enough to induce clinically relevant bias in intervention effect estimate;

For continuous outcome data, plausible effect size (difference in means or standardized differ-
ence in means) among missing outcomes enough to induce clinically relevant bias in observed
effect size;

‘As-treated’ analysis done with substantial departure of the intervention received from that as-
signed at randomisation;

Potentially inappropriate application of simple imputation.

Criteria for the judgement of
'unclear’ risk of bias.

Any one of the following:

Insufficient reporting of attrition or exclusions to permit judgement of ‘low’ or ‘high’ risk of bias
(e.g. number randomised not stated, no reasons for missing data provided);

The study did not address this outcome.

SELECTIVE REPORTING

Reporting bias due to selective outcome reporting.
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Criteria for a judgement of Any of the following:

‘low' risk of bias.

The study protocol is available and all of the study’s pre-specified (primary and secondary) out-
comes that are of interest in the review have been reported in the pre-specified way;

The study protocol is not available but it is clear that the published reports include all expected
outcomes, including those that were pre-specified (convincing text of this nature may be uncom-
mon).

Criteria for the judgement of  Any one of the following:

‘high' risk of bias.

Not all of the study’s pre-specified primary outcomes have been reported;

One or more primary outcomes is reported using measurements, analysis methods or subsets of
the data (e.g. subscales) that were not pre-specified;

One or more reported primary outcomes were not pre-specified (unless clear justification for their
reporting is provided, such as an unexpected adverse effect);

One or more outcomes of interest in the review are reported incompletely so that they cannot be
entered in a meta-analysis;

The study report fails to include results for a key outcome that would be expected to have been
reported for such a study.

Criteria for the judgement of  Insufficient information to permit judgement of ‘low’ or ‘high' risk of bias. It is likely that the major-
‘unclear’ risk of bias. ity of studies will fall into this category.

OTHER BIAS

Bias due to problems not covered elsewhere in the table.

Criteria for a judgement of The study appears to be free of other sources of bias.

'low’ risk of bias.

Criteria for the judgement of  There is at least one important risk of bias. For example, the study:

'high' risk of bias.

Had a potential source of bias related to the specific study design used; or
Has been claimed to have been fraudulent; or
Had some other problem.

Criteria for the judgement of  There may be a risk of bias, but there is either:

'unclear’ risk of bias.

Insufficient information to assess whether an important risk of bias exists; or
Insufficient rationale or evidence that an identified problem will introduce bias.

Appendix 6. Criteria for judging the risk of bias in controlled and uncontrolled before-and-after studies, and in
(controlled) interrupted time series studies

QUALITY CRITERIA FOR CONTROLLED BEFORE AND AFTER (CBA) DESIGNS

Seven standard criteria are used for CBAs included in EPOC reviews:

a) Baseline measurement:

LOW RISK if performance or patient outcomes were measured prior to the intervention, and no substantial differences were present across
study groups (e.g. where multiple pre-intervention measures describe similar trends in intervention and control groups);

UNCLEAR RISK if baseline measures are not reported, or if it is unclear whether baseline measures are substantially different across study

groups;

HIGH RISK if there are differences at baseline in main outcome measures likely to undermine the post-intervention differences (e.g. are
differences between the groups before the intervention similar to those found post-intervention).
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b) Characteristics for studies using second site as control:

LOW RISK if characteristics of study and control providers are reported and similar;
UNCLEAR RISK if it is not clear in the paper e.g. characteristics are mentioned in the text but no data are presented;

HIGH RISK if there is no report of characteristics either in the text or a table OR if baseline characteristics are reported and there are
differences between study and control providers.

c) Blinded assessment of primary outcome(s)* (protection against detection bias):

LOW RISK if the authors state explicitly that the primary outcome variables were assessed blindly OR the outcome variables are objective
e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if not specified in the paper;
HIGH RISK if the outcomes were not assessed blindly.

* Primary outcome(s) are those variables that correspond to the primary hypothesis or question as defined by the authors. In the event
that some of the primary outcome variables were assessed in a blind fashion and others were not, score each separately and label
each outcome variable clearly.

d) Protection against contamination:
Studies using second site as control:
LOW RISK if allocation was by community, institution, or practice and is unlikely that the control group received the intervention;

UNCLEAR RISK if providers were allocated within a clinic or practice and communication between experimental and group providers was
likely to occur;

HIGH RISK if it is likely that the control group received the intervention (e.g. cross-over studies or if patients rather than providers were
randomised).

e) Reliable primary outcome measure(s):

LOW RISK if two or more raters with at least 90% agreement or kappa greater than or equal to 0.8 OR the outcome is obtained from some
automated system e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if reliability is not reported for outcome measures that are obtained by chart extraction or collected by an individual;
HIGH RISK if agreement is less than 90% or kappa is less than 0.8.

* In the event that some outcome variables were assessed in a reliable fashion and others were not, score each separately and label
each outcome variable clearly.

f) Follow-up of professionals (protection against exclusion bias):

LOW RISK if outcome measures obtained 80-100% subjects allocated to groups. (Do not assume 100% follow-up unless stated explicitly.);
UNCLEAR RISK if not specified in the paper;

HIGH RISK if outcome measures obtained for less than 80% of patients allocated to groups.

g) Follow-up of patients:

LOW RISK if outcome measures obtained 80-100% of patients allocated to groups or for patients who entered the study. (Do not assume
100% follow-up unless stated explicitly.);

UNCLEAR RISK if not specified in the paper;

HIGH RISK if outcome measures obtained for less than 80% of patients allocated to groups or for less than 80% of patients who entered
the study.

QUALITY CRITERIA FOR INTERRUPTED TIME SERIES (ITS)
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The following seven standard criteria should be used to assess the methodology quality of ITS designs included in EPOC reviews. Each
criterion is scored DONE, NOT CLEAR or NOT DONE but here we use 'low risk', 'unclear risk', and 'high risk' respectively to be consistent
with the 'Risk of bias' assessment tool for RCTs (Appendix 5).

Protection against secular changes:

a) The intervention is independent of other changes.

LOW RISK if the intervention occurred independently of other changes over time;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if reported that intervention was not independent of other changes in time.

b) Data were analysed appropriately:

LOW RISK if ARIMA models were used OR time series regression models were used to analyse the data and serial correlation was adjusted
or tested for;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that neither of the conditions above not met.
c) Reason for the number of points pre- and post-intervention given:

LOW RISK if rationale for the number of points stated (e.g. monthly data for 12 months post-intervention was used because the anticipated
effect was expected to decay) OR sample size calculation performed;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that neither of the conditions above met.

d) Shape of the intervention effect was specified:

LOW RISK if a rational explanation for the shape of intervention effect was given by the author(s);

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that the condition above is not met.

Protection against detection bias:

e) Intervention unlikely to affect data collection:

LOW RISK if reported that intervention itself was unlikely to affect data collection (for example, sources and methods of data collection
were the same before and after the intervention);

UNCLEAR RISK if not reported (will be treated as HIGH RISK if information cannot be obtained from the authors);

HIGH RISK if the intervention itself was likely to affect data collection (for example, any change in source or method of data collection
reported).

f) Blinded assessment of primary outcome(s)*:

LOW RISK if the authors state explicitly that the primary outcome variables were assessed blindly OR the outcome variables are objective
e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if the outcomes were not assessed blindly.

* Primary outcome(s) are those variables that correspond to the primary hypothesis or question as defined by the authors. In the event
that some of the primary outcome variables were assessed in a blind fashion and others were not, score each separately and label
each outcome variable clearly.

g) Completeness of data set:

LOW RISK if data set covers 80-100% of total number of participants or episodes of care in the study;
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UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);

HIGH RISK if data set covers less than 80% of the total number of participants or episodes of care in the study.
h) Reliable primary outcome measure(s)*:

LOW RISK if two or more raters with at least 90% agreement or kappa greater than or equal to 0.8 OR the outcome is obtained from some
automated system e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if reliability is not reported for outcome measures that are obtained by chart extraction or collected by an individual (will
be treated as HIGH RISK if information cannot be obtained from the authors);

HIGH RISK if agreement is less than 90% or kappa is less than 0.8.
* In the event that some outcome variables were assessed in a reliable fashion and others were not, score each separately.

QUALITY CRITERIA FOR CONTROLLED INTERRUPTED TIME SERIES (CITS)

a) Protection against secular changes:

The intervention is independent of other changes.

LOW RISK if the intervention occurred independently of other changes over time;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if reported that intervention was not independent of other changes in time.

b) Data were analysed appropriately:

LOW RISK if ARIMA models were used OR time series regression models were used to analyse the data and serial correlation was adjusted
or tested for;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that neither of the conditions above not met.
c) Reason for the number of points pre- and post-intervention given:

LOW RISK if rationale for the number of points stated (e.g. monthly data for 12 months post-intervention was used because the anticipated
effect was expected to decay) OR sample size calculation performed;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that neither of the conditions above met.

d) Shape of the intervention effect was specified:

LOW RISK if a rational explanation for the shape of intervention effect was given by the author(s);

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if it is clear that the condition above is not met.

e) Protection against detection bias:

Intervention unlikely to affect data collection:

LOW RISK if reported that intervention itself was unlikely to affect data collection (for example, sources and methods of data collection
were the same before and after the intervention);

UNCLEAR RISK if not reported (will be treated as HIGH RISK if information cannot be obtained from the authors);

HIGH RISK if the intervention itself was likely to affect data collection (for example, any change in source or method of data collection
reported).

Blinded assessment of primary outcome(s)*:
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LOW RISK if the authors state explicitly that the primary outcome variables were assessed blindly OR the outcome variables are objective
e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if the outcomes were not assessed blindly.

* Primary outcome(s) are those variables that correspond to the primary hypothesis or question as defined by the authors. In the event
that some of the primary outcome variables were assessed in a blind fashion and others were not, score each separately and label
each outcome variable clearly.

f) Completeness of data set:

LOW RISK if data set covers 80-100% of total number of participants or episodes of care in the study;

UNCLEAR RISK if not specified (will be treated as HIGH RISK if information cannot be obtained from the authors);
HIGH RISK if data set covers less than 80% of the total number of participants or episodes of care in the study.

g) Reliable primary outcome measure(s)*:

LOW RISK if two or more raters with at least 90% agreement or kappa greater than or equal to 0.8 OR the outcome is obtained from some
automated system e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if reliability is not reported for outcome measures that are obtained by chart extraction or collected by an individual (will
be treated as HIGH RISK if information cannot be obtained from the authors);

HIGH RISK if agreement is less than 90% or kappa is less than 0.8.
* In the event that some outcome variables were assessed in a reliable fashion and others were not, score each separately.

For CITSs, as for CBAs, we will include three additional domains that assess design-specific threats to validity covered by the Cochrane
EPOC group: imbalance of outcome measures at baseline; comparability of intervention and control group characteristics at baseline; and
protection against contamination.

h) Baseline measurement:

LOW RISK if performance or patient outcomes were measured prior to the intervention, and no substantial differences were present across
study groups (e.g. where multiple pre-intervention measures describe similar trends in intervention and control groups);

UNCLEAR RISK if baseline measures are not reported, or if it is unclear whether baseline measures are substantially different across study
groups;

HIGH RISK if there are differences at baseline in main outcome measures likely to undermine the post-intervention differences (e.g. are
differences between the groups before the intervention similar to those found post-intervention).

m) Characteristics for studies using second site as control:
LOW RISK if characteristics of study and control providers are reported and similar;
UNCLEAR RISK if it is not clear in the paper e.g. characteristics are mentioned in the text but no data are presented;

HIGH RISK if there is no report of characteristics either in the text or a table OR if baseline characteristics are reported and there are
differences between study and control providers.

i) Protection against contamination:
Studies using second site as control:
LOW RISK if allocation was by community, institution, or practice and is unlikely that the control group received the intervention;

UNCLEAR RISK if providers were allocated within a clinic or practice and communication between experimental and group providers was
likely to occur;

HIGH RISK if it is likely that the control group received the intervention (e.g. cross-over studies or if patients rather than providers were
randomised).
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QUALITY CRITERIA FOR UNCONTROLLED BEFORE AND AFTER (UBA) DESIGNS

Four standard criteria are used for UBAs (Derived from CBAs EPOC criteria):
a) Blinded assessment of primary outcome(s)* (protection against detection bias):

LOW RISK if the authors state explicitly that the primary outcome variables were assessed blindly OR the outcome variables are objective
e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if not specified in the paper;
HIGH RISK if the outcomes were not assessed blindly.

* Primary outcome(s) are those variables that correspond to the primary hypothesis or question as defined by the authors. In the event
that some of the primary outcome variables were assessed in a blind fashion and others were not, score each separately and label
each outcome variable clearly.

b) Reliable primary outcome measure(s):

LOW RISK if two or more raters with at least 90% agreement or kappa greater than or equal to 0.8 OR the outcome is obtained from some
automated system e.g. length of hospital stay, drug levels as assessed by a standardised test;

UNCLEAR RISK if reliability is not reported for outcome measures that are obtained by chart extraction or collected by an individual;
HIGH RISK if agreement is less than 90% or kappa is less than 0.8.

* In the event that some outcome variables were assessed in a reliable fashion and others were not, score each separately and label
each outcome variable clearly.

c) Follow-up of professionals (protection against exclusion bias):

LOW RISK if outcome measures obtained 80-100% subjects at baseline. (Do not assume 100% follow-up unless stated explicitly.);
UNCLEAR RISK if not specified in the paper;

HIGH RISK if outcome measures obtained for less than 80% of patients at baseline.

d) Follow-up of patients:

LOW RISK if outcome measures obtained 80-100% of patients who entered the study. (Do not assume 100% follow-up unless stated ex-
plicitly.);

UNCLEAR RISK if not specified in the paper;
HIGH RISK if outcome measures obtained for less than 80% of patients who entered the study.
CONTRIBUTIONS OF AUTHORS

All authors contributed to drafting the protocol, selecting studies for inclusion, extracting data, and contributing to drafting the review.
Agustin Ciapponi and Ariel Bardach analysed and interpreted the data.

Agustin Ciapponi, as lead author, is the guarantor for the review.
DECLARATIONS OF INTEREST

A preliminary version of this review was supported by a grant from the Pan American Health Organization (PAHO). The PAHO commis-
sioned the review team to analyse the evidence for sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for the prevention
of poliomyelitis, to assist their decision-making process. Agustin Ciapponi, Ariel Bardach, Lucila Rey-Ares, Demian Glujovsky, Maria Luisa
Cafferata, and Silvana Cesaroni all received payments from this grant. They have no other conflicts of interest to declare.

Aikant Bhatti - none known.

Disclaimer: the views herein are those of the authors and not necessarily those of the PAHO.

Sequential inactivated (IPV) and live oral (OPV) poliovirus vaccines for preventing poliomyelitis (Review) 141
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
i ibra ry Better health. Cochrane Database of Systematic Reviews

SOURCES OF SUPPORT

Internal sources

« Instituto de Efectividad Clinica y Sanitaria [Institute for Clinical Effectiveness and Health Policy], Argentina.
Technical assistance and protected IECS authors' time to develop the protocol and the review

External sources

« Pan American Health Organization (PAHO), Other.

Our institution, IECS, received an independent grant from the PAHO, which covered salaries and all expenses related to a preliminary
version of the review.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

« Data collection and analysis. We were unable to use all of our preplanned methods. See Table 3.

« Summarising and interpreting results (beneath Data synthesis). We decided to use the current version of GRADE (Hultcrantz 2017), so
we used the expression ‘certainty’ instead of ‘quality’ as was stated in our protocol (Ciapponi 2014).

« We grouped, analysed and presented the results according to serotypes P1, P2 and P3 protective humoral and intestinal response
(outcomes 3, 4, and 5) because the effect is partially independent of each other, and in that sense, many policies, like the replacement
of tOPV by bOPYV, are serotype specific. If we were not able to pool the data in a meta-analysis due to considerable heterogeneity, we
presented the scheme of two IPV doses (110) as the main subgroup for this outcome, since it is the most studied scheme.

« Since 2012, the WHO has recommended the replacement of the trivalent OPV (tOPV) by the bivalent OPV (bOPV) (WHO 2012). Many of
the recent studies included both tOPV and bOPV arms; we decided to include post-hoc subgroups analysis by type of OPV to ensure
that the findings were relevant to the most recent guidelines.
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