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H1N1 vaccine. In this period, we conducted seven randomized controlled trials (RCTs)
with mortality as main outcome.

Methods: Within these RCTs, we assessed whether the mortality rate was lower
after-campaign than before-campaign. We used Cox models with age as underlying
time and further adjusted for low birth-weight, season and time trend in mortality. We cal-
culated the adjusted mortality rate ratio (MRR) for after-campaign vs before-campaign.

Results: The mortality rate was lower after OPV-only campaigns than before, the MRR
being 0.81 (95% Cl = 0.68-0.95). With each additional dose of campaign-OPV the
mortality rate declined further (MRR = 0.87 (95% CI: 0.79-0.96) per dose) (test for trend,
p = 0.005). No other type of campaign had similar beneficial effects. Depending on initial
age and with follow-up to 3 years of age, the number needed to treat with campaign-
OPV-only to save one life was between 68 and 230 children.

Conclusion: Bissau had no case of polio infection so the results suggest that cam-
paign-OPV has beneficial NSEs. Discontinuation of OPV-campaigns in low-income
countries may affect general child mortality levels negatively.

Keywords: campaigns, child mortality, MDG4, oral polio vaccine, non-specific effects of vaccines

KEY OBSERVATIONS

o Randomized trials and observational studies indicate that oral polio vaccine (OPV) may have
beneficial non-specific effects for child survival. However, the numerous OPV-campaigns imple-
mented in low-income countries to eradicate polio have not been assessed for impact on child
mortality.
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OPV Campaigns

» Within seven randomized trials conducted in Guinea-Bissau,
we compared the mortality rate before-campaign and
after-campaign. In a combined adjusted analysis OPV-only-
campaigns were associated with 19% (CI 5-32%) reduction in
mortality rate.

 Each additional dose of campaign-OPV was associated with a
decline of 13% (4-21%) in the mortality rate.

o Other campaigns did not have similar effects.

INTRODUCTION

WHO recently reviewed the potential non-specific effects (NSEs)
of Bacille Calmette-Guérin vaccine (BCG), diphtheria-tetanus-
pertussis (DTP), and measles vaccine (MV) (1, 2). BCG and MV
were associated with large reductions in overall mortality, in the
range of halving mortality; these effects were not fully explained
by prevention of tuberculosis and measles infection. Hence, the
vaccines had “non-specific effects” (NSEs). A growing number
of immunological studies supports that vaccines can generate
heterologous non-specific protection by inducing cross-reactive
T-cells or by training the innate immune system (3-6).

WHO did not review OPV. Investigations of NSEs are complex
because it is usually not possible to randomize children to vac-
cines already recommended. Natural experiments are needed
(7-9). Such an opportunity arises if the vaccine being examined
is administered in campaigns in populations with demographic
surveillance. It is then possible to assess whether the mortality
rate changes after-campaign compared with before-campaign.

Low-income countries, such as Guinea-Bissau, have experi-
enced numerous national campaigns during the last 15 years. In
the same period, the Bandim Health Project (BHP) in Guinea-
Bissau conducted several randomized controlled trials (RCTs).
We used this set-up to analyze how OPV campaigns affected the
mortality rate within these RCTs. If OPV campaigns reduce the
mortality rate, it would be evidence of NSEs since there has been
no polio infection in Bissau in this period. We also examined
whether campaigns with vitamin A supplementation (VAS), MV,
and HINI vaccine conducted during the same period changed
the mortality rate.

MATERIALS AND METHODS

Bandim Health Project has maintained a health and demographic
surveillance system (HDSS) in urban Guinea-Bissau since 1978;
the BHP currently covers around 100,000 individuals. The HDSS
involves monthly registration of pregnancies, births, routine
vaccinations at the three health centers in the study area, three-
monthly home visits to children less than 3 years of age to register
growth, morbidity, vaccinations, survival, and risk factors for
child survival. Furthermore, BHP monitors all deliveries at the
national maternity ward in Bissau. The children are followed
intensively to be able to register all vital events and describe the
mortality pattern.

During the last decades, we have conducted seven RCTs of
early vaccination (BCG, OPV, or MV) or VAS; the RCTs are
described elsewhere (10-17) and are briefly summarized in the
supplementary material.

Campaigns

Between 2002 and 2014, numerous national campaigns, including
15 OPV campaigns, affected the children of eligible age groups
enrolled in the seven RCTs. All campaigns are presented in detail
in Table S1 in Supplementary Material.

Until 2005, the annual national OPV campaigns were organ-
ized with two doses of trivalent OPV given with an interval of
1 month; OPV was administered with VAS in the second round.
Each dose of OPV was counted as a campaign. Nothing else was
administered in these campaigns. From 2010, the pattern has
changed with OPV often being distributed together with VAS
and Mebendazole and often with a 6 months interval between
campaigns; monovalent and bivalent OPV has also been used.
OPV was provided to children between birth and 5 years of
age, whereas VAS was only administered after 6 months of
age and Mebendazole only after 12 months of age (Table S1 in
Supplementary Material). In recent years, coverage has been
well over 90% when we assessed participation (Table S1 in
Supplementary Material).

Vitamin A supplementation was given in several of the OPV
campaigns. However, there were also several campaigns in
which VAS was given alone or with Mebendazole (Table S1 in
Supplementary Material). These campaigns have been analyzed
as VAS-only campaigns.

In the analysis, we distinguish between OPV-only, OPV-
with-VAS, and VAS-only campaigns. Since VAS was not given
to children less than 6 months of age, all OPV-campaigns were
inherently OPV-only campaigns for children under 6 months of
age even if VAS or Mebendazole were provided to older children
during the same campaign.

The OPV campaigns were implemented by staff from the
three health centers in the study area. They formed teams that
went from house-to-house. In some campaigns, the teams were
accompanied by HDSS field workers who had lists of all children
generated from the HDSS databases. The field workers registered
presence of the children and whether they received the interven-
tions on that day or had already received them elsewhere. This
system is costly and we have not been able to maintain it in all
campaigns. Coverage has usually been very high (Table S1 in
Supplementary Material).

There were three MV campaigns in 2006, 2009, and 2012. Few
children were affected by these campaigns as most of the RCTs
had follow-up to 12 months of age and MV was only given after
9 months of age in the 2009 and 2012 campaigns.

In October 2010, a national campaign with HIN1 influenza
vaccine was implemented for children aged 6 months to 5 years.

Analyses and Statistical Methods

We have previously examined whether OPV had beneficial NSEs
reducing the child mortality rate by examining whether the
results of RCTs of childhood interventions differed before and
after the RCT-participants were exposed to campaign-OPV. If
campaign-OPV had beneficial NSEs, the prediction would be
that the mortality rate ratio (MRR) between the intervention and
the control groups in the RCTs would be smaller after the OPV
campaign. This analysis has been conducted for RCTs of early
MV (18), BCG (15), and OPV-at-birth (OPV0) (16); within all
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three RCTs, we observed that the intervention effect was stronger
before the OPV campaigns, supporting that OPV might have
beneficial NSEs.

To assess the potential NSEs of OPV in larger datasets, in the
present paper, we estimate an intention-to-treat-effect or cam-
paign-effectiveness effect comparing mortality after the campaign
among eligible children (denoted after-campaign mortality) to
mortality among children who lived in the population before the
campaign, or who were born after the campaign (denoted before-
campaign mortality). Hence, we are not comparing the mortality
of the participating children and the few non-participating
children. As illustrated in Figure 1, a child within any RCT could
contribute observation time to both the before-campaign group
and the after-campaign group. The randomness of birth dates
and dates of enrollment in the trials as well of the randomness
of the campaign dates determined how much of their follow-up
time fell in the before-campaign period and how much in the
after-campaign period.

We calculated the age-adjusted MRRs for after-OPV-only-
campaign vs before-OPV-only-campaign in Cox-models with
age as underlying time for each RCT and combined, overall and
by sex. The before/after OPV-only-campaign variable was time-
varying with the child changing status if it was eligible for the
campaign. If a child experienced more OPV-only-campaigns, it
continued to count in the after-OPV-only-campaign group. If a
child experienced another type of campaign during follow-up,
e.g., VAS-only-campaign, it counted with time-varying vari-
ables in both the after-OPV-only-campaign and the VAS-only-
campaign groups from the respective dates of being eligible for
these campaigns until the end of follow-up in the RCT.

The children in the two comparison groups (after-campaign
vs. before-campaign) were all enrolled in RCTs with the same
inclusion criteria. Hence, the children were already selected
and were likely to constitute a rather homogeneous group, and
hence there would be less risk of confounding from health
and socio-economic background factors. The close follow-up
in connection with the RCTs ensured good information on all

children. As some RCTs were overlapping, we censored the
children from one RCT once they entered another RCT. This
implied that children in the neonatal VAS trials (RCTs I-II)
and the LBW-BCG trials (RCT IV-V) were censored if they
were enrolled at 4.5 months of age in the trials of early MV
(RCT I1I).

Observational studies comparing the mortality of vaccinated
and unvaccinated children may carry the risk of uncontrolled
confounding because there are inherent differences between
those who are vaccinated and those who are not. The design of
the present analysis limited such confounding; the same kind of
children were both controls and vaccinated, before the campaign
they were all unvaccinated and after the campaign they were all
assumed to have been vaccinated during the campaign. Hence,
there was no question of healthy children being vaccinated and
frail children not being vaccinated. All children were enrolled in
RCTs that used similar inclusion criteria throughout the trials;
hence, in an age-adjusted analysis, we compared similar children
before and after the campaigns.

Multivariable Analysis

The main issue with splitting time before and after the campaigns
is whether the overall trend in mortality or seasonal differences
in mortality were allocated unequally to before-campaign and
after-campaign. Due to the timing of the studies, the proportion
of normal-birth-weight children and LBW children varied over
the observation period from 2002 to 2014 and LBW children
could be allocated unequally to before-campaign and after-
campaign. Looking at each separate RCT, the campaign effect
was difficult to disentangle from the effects of time and season
on mortality.

We used the data from all seven RCTs to construct one large
data set covering a period of 13 years in which we could control
for year, season-at-risk (dry: 1 December-31 May; rainy: 1
June-30 November) and LBW (RCT IV-V). Subsequent tests
(using Schoenfeld residuals) showed that these effects were age
dependent. We, therefore, stratified by season and LBW, and
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FIGURE 1 | A hypothetically presentation of individuals in a trial: Time before oral polio vaccine (OPV) campaign in black and time after OPV campaign in gray.
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modeled separate year-trends (year*agegroup) in the age groups
0-5, 6-11, and >12 months of age (using finer age intervals gave
almost identical results).

The RCT-specific estimates of the OPV-only campaign
effect were obtained from a model including the variables:
OPV-only*study, study, OPV-with-VAS, VAS-only, MV, HIN1,
year*agegroup, and stratified by season. The sex-specific estimates
were obtained from a model, including OPV-only*study*sex,
study*sex, OPV-with-VAS, VAS-only, MV, HIN1, year*agegroup,
and stratified by season.

The RCT-specific estimates of OPV-with-VAS, VAS-only, MV,
and HINI1 were obtained in similar models, including OPV-
with-VAS*study, VAS-only*study, MV*study, and HIN1*study,
respectively.

The combined overall effects of OPV-only, OPV-with-VAS,
VAS-only, MV, and HIN1 were obtained from a single model,
including the variables OPV-only, OPV-with-VAS, VAS-only,
MYV, HINI, year*agegroup, and stratified by season and LBW.
The sex-specific effects of OPV-only, OPV-with-VAS, VAS-only,
MYV, and HINI were obtained from a single model including
OPV-only*sex, OPV-with-VAS*sex, VAS-only*sex, MV*sex,
HI1N1*sex, sex, year*agegroup, and stratified by season and LBW.

Goodness of Fit

We illustrated the fit of the multivariable model by plotting the
observed mortality rates (deaths/100 person-years) in the three
age groups: 0-5, 6-11, and >12 months vs the average of the
predicted mortality rates in the same age groups (Figure S1 in
Supplementary Material). We used a Poisson model equivalent to
the multivariable Cox model to obtain predictions of the absolute
mortality rates (instead of the relative mortality rates provided by
the Cox model). In the Poisson model, we adjusted for age using
the age groups 0, 1, 2, 4, 6, 8, 12, 18, and 24 months. LBW and
season were included with interactions with the three age groups
(opposed to stratifying by these in Cox). The Poisson model and
the Cox model provided very similar results.

Sensitivity Analysis: Simulations
As a sensitivity analysis, we tested whether the estimated effect
could be a spurious effect created by splitting time before and after

campaigns. Fictive OPV campaign dates were created by simulation.
Our seven RCTs covered a period of 13 years and there were seven
years with OPV campaigns. In the simulations, the campaign dates
were generated randomly such that there were OPV campaigns in
7 years in the 13-year follow-up period. In each simulation, it was
decided randomly in which years the fictive campaigns occurred.
Furthermore, the campaign date was assigned randomly within a
given year. Time was split before and after these fictive campaign
dates. The sensitivity analysis then estimated the OPV-campaign
effect in a Cox-model with age as the underlying time. The simula-
tion of fictive campaign dates was repeated 1,000 times and the
average OPV-campaign effect was calculated.

Number Needed to Treat

Number needed to treat is calculated as [1/[S.opv(£)M¥R=S_opv(#)]
where Sopv(t) is the Kaplan—Meier estimate in the before-campaign-
OPV group and MRR is the mortality rate ratio for campaign-
OPV-only obtained from the multivariable analysis (19).

RESULTS

OPV-Only Campaigns
After OPV campaigns, the mortality rate was reduced; the adjusted
MRR for after-campaign vs before-campaign was 0.81 (95%
CI = 0.68-0.95) (Tables 1-3). The effect of OPV-only campaigns
was separately significant for boys [MRR = 0.74 (0.58-0.94)] but
not for girls [MRR = 0.87 (0.70-1.07)] (Table 2). To assess whether
the effect was stable over time we censored follow-up 6 months
after the children was eligible to the first OPV-only campaign; in
this analysis, the effect of OPV-only campaign was 0.78 (0.65-0.95).
Oral polio vaccine was given from birth whereas the other
interventions were only administered after 6 months. We,
therefore, conducted a separate analysis for 0- to 5-month-old
children; in this age group, the adjusted MRR for after-campaign
vs before-campaign was 0.87 (0.69-1.09) (data not shown). OPV-
with-VAS campaigns was usually given 1 month after OPV-only
campaigns and they did not further change mortality in the
model controlling for other campaigns, the MRR associated with
OPV + VAS campaigns being 1.10 (0.82-1.48) (Tables 1 and 3).

TABLE 1 | Mortality rates (per 100 person-years) and mortality rate ratios (MRR) for after-campaign vs before-campaign children enrolled in seven randomized controlled

trials (RCTs), presented by campaign type.

Variable Rate per 100 person-years (deaths/ MRR*! MRR*? MRR*
person-years)
After-campaign Before-campaign
Campaign-OPV-only 2.04 (316/15,462) 5.05 (928/18,360) 0.81 (0.70-0.93) 0.83 (0.71-0.97) 0.81 (0.68-0.95)
Campaign-OPV + VAS 1.51 (117/7,761) 4.32 (1127/26,061) 0.99 (0.78-1.24) 0.95 (0.73-1.24) 1.10 (0.82-1.48)
Campaign-VAS-only 1.49 (176/11824) 4.86 (1068/21998) 0.92 (0.74-1.15) 1.06 (0.83-1.34) 1.04 (0.80-1.35)
Campaign-H1N1 3.06 (12/393) 3.69 (1232/33429) 1.14 (0.64-2.04) 1.65 (0.91-2.99) 1.86 (1.02-3.42)
Campaign-MV 2.03 (18/888) 3.72 (1226/32934) 1.10 (0.68-1.77) 1.16 (0.70-1.93) 1.24 (0.74-2.09)

MRR*"': adjusting for age (underlying time).
MRR*: adjusting for age (underlying time), year*age group, strata (LBW, season).

MRR®: Full multivariable model: adjusting for age (underlying time), OPV, OPV + VAS, VAS, H1N1, MV, year*age group, strata (LBW, season).
There were 1,244 deaths in the seven RCTs. Since "before-campaign” children were generally younger than the “after-campaign” children the MRR cannot be deduced directly from

the mortality rates.
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TABLE 2 | Mortality rate ratios (MRR) for trial participants after OPV-only campaigns compared with before OPV-only campaigns in seven randomized trials.

Trial Intervention

Recruitment period Age group

MRR (OPV/noOPV) MRR (OPV/noOPV) MRR (OPV/noOPV)

All Males Females
|. Neonatal VAS vs placebo NBW 2002-2004 0-11 months 0.62 (0.35-1.08) 0.61(0.28-1.34) 0.64 (0.29-1.42)
II. Neonatal VAS vs placebo NBW 2-dose 2004-2007 0-11 months 0.92 (0.54-1.57) 0.94 (0.47-1.90) 0.89 (0.40-1.96)
LMV at 4.5 + 9 months vs MV at 9 months 2003-2007 4.5-36 months 0.87 (0.62-1.23) 0.78 (0.50-1.21) 0.98 (0.64-1.52)
IV.BCG-at-birth vs delayed BCG to LBW children 2004-2008 0-11 months 0.65 (0.39-1.08) 0.45 (0.20-1.05) 0.82 (0.44-1.52)
V.BCG-at-birth vs delayed BCG to LBW children 2008-2013 0-11 months 0.71(0.54-0.99) 0.63 (0.40-0.99) 0.75 (0.54-1.04)
VI.OPV + BCG vs BCG-only 2008-2011 0-11 months 1.13(0.78-1.62) 1.05 (0.64-1.71) 1.24 (0.75-2.04)
VII.VAS vs placebo with vaccines; 12 months follow-up 2007-2010 6-29 months 0.45 (0.13-1.59) 0.23 (0.03-1.78) 0.87 (0.18-4.15)
Combined result 0.81 (0.68-0.95) 0.74 (0.58-0.94) 0.87 (0.70-1.07)

The OPV campaigns were conducted in 2002, 2004, 2005, 2010, 2011, 2012, and 2013 (Table S1 in Supplementary Material). The effect of OPV-only campaigns was 0.90

(0.71-1.14) in the dry season and 0.73 (0.58-0.92) in the rainy season.

TABLE 3 | Overall model of impact on the mortality rate of different campaigns with oral polio vaccine (OPV).

Variable Campaign OPV" MRR p-value Campaign OPV® MRR p-value Campaign OPV® MRR p-value
Campaign-OPV 0.81 (0.68-0.95) 0.011 0.87 (0.79-0.96) 0.007 0.77 (0.56-1.08)" 0.13
0.80 (0.57-1.12)° 0.20
0.85 (0.71-1.02)! 0.09
Campaign-OPV + VAS? 1.10 (0.82-1.48) 0.53 1.06 (0.79-1.41) 0.70 1.08 (0.81-1.44) 0.61
Campaign-VAS® 1.04 (0.80-1.35) 0.76 1.05 (0.81-1.36) 0.72 1.08 (0.80-1.34) 0.81
Campaign-H1N12 1.86 (1.02-3.42) 0.04 2.10(1.13-3.92) 0.02 1.90 (0.98-3.70) 0.06
Campaign-MV? 1.24 (0.74-2.09) 0.42 1.26 (0.74-2.12) 0.39 1.21(0.72-2.04) 0.48
Calendar year, 0-5 months® 0.95 (0.93-0.98) 0.001 0.95 (0.93-0.98) <0.001 0.96 (0.93-0.98) 0.001
Calendar year, 6-11 months® 0.89 (0.85-0.94) <0.001 0.89 (0.85-0.94) <0.001 0.90 (0.85-0.95) <0.001
Calendar year, >12 months® 0.83 (0.73-0.94) 0.004 0.83 (0.73-0.94) 0.004 0.84 (0.73-0.96) 0.01

after-campaign vs before campaign.

bCalendar year trend in the age-groups of 0-5, 6-11, and >12 months of age.
(After-campaign vs before campaign.

@Continuous dose-response for OPV.

9After-campaign vs before campaign,; OPV-type: monovalent™, bivalent®, trivalent'.

TABLE 4 | Mortality rate ratios (MRR) for trial participants after VAS-only campaigns compared with before VAS-only campaigns in seven randomized trials.

Trial Intervention Recruitment period Age group MRR (VAS/noVAS) MRR (VAS/noVAS) MRR (VAS/noVAS)
All Males Females
I. Neonatal VAS vs placebo NBW 2002-2004 0-11 months 2.88 (1.58-5.24) 3.54 (1.71-7.33) 2.23(0.91-5.42)
II. Neonatal VAS vs placebo NBW 2-dose 2004-2007 0-11 months 1.38 (0.70-2.70) 1.58 (0.67-3.71) 1.18 (0.42-3.31)
ll. MV at 4.5 + 9 months vs MV at 9 months 2003-2007 4.5-36 months 0.92 (0.63-1.35) 0.96 (0.60-1.54) 0.91 (0.57-1.43)
IV. BCG-at-birth vs delayed BCG to LBW children 2004-2008 0-11 months 0.49 (0.25-0.95) 0.52 (0.21-1.32) 0.46 (0.18-1.15)
V. BCG-at-birth vs delayed BCG to LBW children 2008-2013 0-11 months 0.76 (0.39-1.50) 0.33(0.05-2.42) 0.91 (0.44-1.84)
VI. OPV + BCG vs BCG-only 2008-2011 0-11 months 1.73(0.94-3.19) 1.19(0.47-3.03) 2.36 (1.09-5.10)
VII. VAS vs placebo with vaccines; 12 months follow-up 2007-2010 6-17 months 0.85 (0.33-2.21) 1.06 (0.29-3.81) 0.63 (0.16-2.40)
Combined result 1.04 (0.80-1.35) 1.07 (0.78-1.46) 1.02 (0.75-1.38)

The VAS-only campaigns were conducted in 2003, 2006, 2007, 2008, 2009, 2010, 2012, and 2014 (Table S1 in Supplementary Material). The effect of VAS campaigns was 1.12

(0.71-1.75) in the dry season and 1.00 (0.73-1.36) in the rainy season.

We have found that boosting enhances the beneficial NSEs of live
vaccines (9, 12, 20) and we, therefore, tested whether repeated doses
of OPV-only in campaigns enhanced the beneficial effect. In the
combined analysis adjusted for other campaigns, season, calendar
year, and low-birth-weight, each additional dose of campaign OPV
reduced mortality by 13% [MRR =0.87 (0.79-0.96)] (Table 3). This
effect was significant for boys [MRR = 0.80 (0.70-0.91)] but not for
girls [MRR = 0.94 (0.83-1.05)] (p = 0.07, test-of-homogeneity).

There were no significant differences in effect of monovalent,
bivalent, or trivalent OPV strains (Table 3).

Other Campaigns

There was no significant overall effect of campaigns with VAS-
only [MRR = 1.04 (0.80-1.35)] (Tables 1 and 4). Nor was there
any significant overall effect of campaign with MV [MRR = 1.24
(0.74-2.09)] (Tables 1 and 5).

The inactivated HIN1 vaccine campaign affected three RCTs
(Table 6). The HIN1 campaign was associated with an increase
in mortality [MRR = 1.86 (1.02-3.42)]; this effect was only found
for girls. The effects of OPV-only campaigns and HIN1 differed
significantly (p = 0.01, test-of-homogeneity).
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TABLE 5 | Mortality rate ratios (MRR) for trial participants after measles vaccine (MV) campaigns compared to before MV campaigns.

Trial Intervention Recruitment period Age group MRR (MV/noMV) Males Females

1. Neonatal VAS vs placebo NBW 2-dose 2004-2007 0-11 months 0.63 (0.09-4.60) 0 1.37 (0.19-9.98)
IV. BCG-at-birth vs delayed BCG to LBW children 2004-2008 0-11 months 0.77 (0.24-2.46) 0 1.42 (0.44-4.56)
V. BCG-at-birth vs delayed BCG to LBW children 2008-2013 0-11 months 0 0 0

VI. OPV + BCG vs BCG-only 2008-2011 0-11 months 3.10 (0.95-10.1) 5.98 (1.81-19.7) 0

VII. VAS vs placebo with vaccines; 12 months follow-up 2007-2010 6-17 months 1.65 (0.77-3.54) 1.71 (0.66-4.44) 1.51 (0.45-5.03)

Combined result

1.24 (0.74-2.09)

1.34 (0.68-2.64)

1.14 (0.55-2.38)

TABLE 6 | Mortality rate ratios (MRR) for trial participants above 6 months of age after the HIN1 campaign compared with before the H1N1 campaign in 2010.

Trial Intervention Recruitment period Age group MRR (H1N1/noH1N1) Males Females

V. BCG-at-birth vs delayed BCG to LBW children 2008-2013 0-11 months 2.16 (0.94-4.99) # 2.28 (0.98-5.27)

VI. OPV + BCG vs BCG-only 2008-2011 0-11 months 1.44 (0.52-3.96) 0.71(0.10-5.13)  2.19 (0.68-7.08)

VII. VAS vs placebo with vaccines; 12 months follow-up 2007-2010 6-17 months 6.48 (1.42-29.6) 4.63 (0.58-36.9) 9.84 (1.20-81.0)

Combined result 1.86 (1.02-3.42) 0.95(0.23-3.92)  2.32(1.19-4.52)

*Prior to the campaign, only females were included in the randomized controlled trial and an estimate could, therefore, not be made for males.

TABLE 7 | Number needed to treat (NNT) to save one life in accordance with initial age and length of follow-up.

Age at start of follow-up: t,

Follow-up length: (to,t) to = 0 months to = 3 months to = 6 months to = 9 months to = 12 months

1 year from start R-=0.0585 R- =0.0298 R-=0.0230 R- =0.0209 R-=0.0147
RD =0.0109 RD = 0.0056 RD = 0.0043 RD = 0.0039 RD = 0.0028
NNT = 92 NNT = 179 NNT = 231 NNT = 254 NNT = 361

2 years from start R-=0.0724 R- =0.0436 R-=0.0374 R-=0.0310 R-=0.0231
RD =0.0133 RD = 0.0081 RD = 0.0070 RD = 0.0058 RD = 0.0043
NNT =75 NNT = 123 NNT = 143 NNT =172 NNT = 230

Until 3 years of age R-=0.0803 R- =0.0495 R-=0.0392 R-=0.0310 R-=0.0231
RD =0.0147 RD = 0.0092 RD = 0.0073 RD = 0.0058 RD = 0.0043
NNT = 68 NNT = 109 NNT = 136 NNT =172 NNT = 230

The risk of dying from t, to t for children alive at age to in the —OPV group is R- = 1 — S(t| — OPV, alive at t,). S(t| — OPV, alive at t,) is obtained by the Kaplan-Meier method
censoring children if they received oral polio vaccine. The risk in the +OPV group is calculated as R. = 1 — S(t|-OPV, alive at t,)*®' where 0.81 is the OPV-campaign mortality rate
ratio from Table 1. The risk-difference is RD = R- R, and numbers needed to treat is NNT = 1/RD.

Simulations

We conducted 1,000 simulations with fictive random OPV cam-
paign dates. The average simulated OPV campaign effect on the
mortality rate was 1.00 (0.99-1.01). The median was 0.99 and the
inter-quartile-range of the simulated OPV campaign effects was
(0.91-1.09).

Number Needed to Treat

Depending on initial age, it was necessary to give campaign OPV
to between 68 and 230 children to save one life within 3 years of
age (Table 7).

DISCUSSION

Main Observations

Oral polio vaccine provided in campaigns may have beneficial
NSEs since it reduced the mortality rate substantially even though
there was no polio infection. Additional doses of OPV were
associated with further reductions in mortality. The NNT to save

one life was very low. Other campaigns did not appear to have an
overall beneficial effect.

Strengths and Weaknesses

The beneficial effect of OPV campaigns in any RCT could
have been related to the seasonality of campaigns or a general
time-trend with declining mortality. However, the estimated
beneficial effect was unchanged when we used all seven RCT
data sets to adjust for seasonality and temporal effects. The
simulations indicated that it would be unlikely to obtain the
observed OPV campaign effect by chance. The fact that the
same beneficial effect was not found for other campaigns
(VAS-only, MV, HIN1) or when campaign dates were chosen
at random in our simulations also supports that the observed
beneficial effect of OPV campaigns was not due to seasonality
of campaigns or a time trend in mortality. The HIN1 vaccine
campaign was associated with increased mortality, particularly
for girls. This is in line with the observation that other non-
live vaccines, including DTP vaccine (21), Hepatitis B Vaccine
(22), inactivated polio vaccine (23), pentavalent vaccine (24),
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and RTS,S malaria vaccine (25), are associated with increased
mortality, particularly for females.

When we censored the analysis after 6 months of follow-up,
the effect estimate was similar to the main result suggesting that
the effect of OPV-only campaigns may last more than 6 months.
Mortality is high in first months of life and neonatal deaths will
occur mainly in the before-campaign group; however, the Cox
survival analysis was strictly age-adjusted so this would not affect
the effect estimates.

The effect of OPV-only campaigns appeared to be slightly
stronger for boys than for girls, though the difference was not
statistically significant. Other studies of OPV have also suggested
a stronger beneficial effect for boys (16, 26).

In all the OPV campaigns, the coverage was higher than 80%,
and in recent years higher than 90%. Not all children received
OPV and the estimate should, therefore, be seen as an estimate of
the effectiveness of OPV campaigns rather than as an estimate of
the “true” effect of OPV.

We have previously found beneficial NSEs of MV campaigns
reducing mortality in both urban and rural areas of Guinea-
Bissau (27, 28). In the present analysis, there was no effect of the
MYV campaigns. However, there was limited follow-up time after
MYV because campaign MV was usually given after 9 months and
most RCTs ended follow-up at 12 months of age. Hence, follow-
up was mainly between 9 and 12 months of age and this is the age
group in which MV is given routinely to children. Therefore, the
study design was not optimal to evaluate whether campaign MV
has an overall effect on mortality.

Consistency or Contradiction with

Previous Observations on OPV

The last 15-20 years have seen a large number of national OPV
campaigns being implemented in low-income countries; the effect
on overall survival was not tested before these campaigns were
introduced. Studies from the 1960s when OPV was developed,
reported that OPV reduced mortality in Chile and Brazil (29, 30)
and Soviet Union researchers claimed that vaccination with non-
pathogenic enterovirus, including OPV had general beneficial
effects on health, including less respiratory infections (31).

When the first OPV campaigns were implemented in Guinea-
Bissau in 1998, we examined the effect on child survival of having
participated or not participated in the campaign (8). OPV was asso-
ciated with significant benefits for the youngest children, reducing
mortality and the risk of hospital admission. We have also found in
a natural experiment, when DTP was missing, that the case-fatality
at the pediatric ward was much lower for children who had received
OPV-only and not OPV + DTP as currently recommended (9).

Recently, we conducted two RCTs of OPVO0 in Bissau and
found 32% lower infant mortality for children randomized to
OPVO0 who had not yet received campaign-OPV (16, 32).

One observational study has suggested that routine OPV0 com-
pared with NoOPV0 might have a negative effect for boys but not for
girls (33). However, the boys who had “benefited” from not having
received OPV0 had been more likely to receive campaign OPV than
the boys receiving OPV0 and this is likely to have been the real cause
of their lower mortality (26). In the subsequent RCT to measure the
effect, OPVO0 was significantly beneficial, particularly for boys (16).

Studies from high-income countries have also suggested
that OPV may have beneficial effects (34, 35). In a nation-wide
study in Denmark, OPV given at 2 years of age (until 2001) was
associated with a 15% (5-23%) reduction in hospital admissions
compared with children who had DTaP-Hib-IPV as their most
recent vaccination (35). Additional doses of OPV at 3 and 4 years
of age were also associated with significant reductions in admis-
sions (35). Hence, the effects of OPV observed in Guinea-Bissau
may represent a true beneficial NSE.

Interpretation and Immunological
Mechanisms

The studies from both low-income and high-income countries
suggest that OPV may reduce susceptibility to unrelated
infections. In high-mortality settings such as Guinea-Bissau,
essentially all deaths are due to infections. Hence, the observed
association between OPV and lower general mortality likely
reflects a reduced susceptibility to infections. In the RCT of
OPVO0, the children may have grown better if they received OPV
at birth, which could also reflect lower risk of infection (16). In
Finland, OPV was associated with reduced risk of otitis media
(34); in Denmark, OPV was associated with reduced risk of lower
respiratory infections (35). These data suggest that OPV, as MMR
(36), may particularly affect the susceptibility to upper and lower
respiratory infections. The studies of the effect of OPV-campaigns
on the results in RCTs of childhood interventions also supported
that campaign-OPV reduced the mortality rate and the difference
between the interventions groups in the RCTs (15, 16, 18).

How OPV may affect susceptibility to infections in general has
not been studied. Other live vaccines have been found to induce
immune training effects that reduce susceptibility to unrelated
infections (1, 13, 14). For instance, BCG reprograms monocytes
through epigenetic changes to a more pro-inflammatory response;
in animal models, this translates into reduced mortality from
challenge to unrelated infections (3). Similar studies need to be
conducted for OPV. Furthermore, heterologous T-cell immunity
may induce cross-reactive T-cells, which have been shown to be
an important determinant in subsequent unrelated infections
(37, 38). OPV may presumably also change the microbiome (39).

There has been little research in why NSEs often differ by sex.
Several studies have found a stronger beneficial effect of OPV
for males than for females (16, 26). Other live vaccines, such as
MV (1, 13, 27) may have a stronger beneficial effect for females.
On the other hand, non-live vaccines appear consistently to have
a stronger negative effect for females than for males (21-25).
Though mechanistic explanations have not been detected, it
may be important that females apparently have a stronger Th2
immune profile than males (40) and non-live vaccines induce a
Th2-weighted response, which has been found to be deleterious
upon rechallenge in animal experiments (41, 42).

Implications and Conclusion

An increasing number of studies suggest that OPV is associated
with beneficial NSEs (7, 8, 16, 34-36). Other groups have not
examined the effect of OPV campaign on child survival. We
have found strong beneficial effects of OPV campaigns in several
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studies from urban Bissau (18, 26) and in rural areas of Guinea-
Bissau and Ghana (43).

The world has experienced an unprecedented decline in child
mortality in recent years. Several reviews have indicated that the
decline has been much stronger in the 2000s than in the 1990s
(44); for example, in Guinea-Bissau, there was no change in
mortality in the 1990s but the Millenium Development Goal 4
(MDG4) of reducing child mortality by two-thirds was reached
between 2000 and 2013 in the populations followed by BHP
(unpublished data). Since the 2000s is the period where most
campaigns have been conducted, the repeated campaigns with
OPV may have been important for reaching MDG4.

This interpretation contrasts markedly with the current
understanding of the decline in mortality. For example, the
under-five mortality rate in Niger declined from 226/1,000 to
128/1,000 between 1998 and 2009; based on the assessment of
changes in routine interventions and assumptions about their
effects it was estimated that 5% of the reduction in mortality was
due to improvement in routine MV and nothing to OPV or MV
campaigns (45).

Since OPV in rare cases can cause vaccine-associated paralytic
polio and generate circulating vaccine-derived poliovirus, it has
long been the plan to stop the use of OPV. Trivalent OPV was
stopped globally in April 2016. IPV is gradually being introduced
to replace OPV within the next few years and bivalent and mono-
valent OPV should be fully phase out by 2020.

From this perspective, it is interesting that mono- and bivalent
OPV appeared to have similar beneficial effects on child survival
(Table 3). We have previously used IPV as a comparator vaccine in
RCTs; females had significantly higher mortality than males from
theyreceived IPV and until they were givenlive MV (23). Inarecent
RCT of the effect of OPV vs IPV on diarrhea in Bangladesh, OPV
was associated with less bacterial diarrheas (46). Hence, stopping
OPV campaigns or replacing OPV with IPV could paradoxically
lead toincreasesin child mortalitylevels. This needs to be examined
before all OPV strains are stopped globally, phased out or replaced
by IPV. First, it should be possible to conduct cluster-randomized
trials of the overall effect on child survival of OPV-campaigns.
Second, OPVO is often not used and since we have found OPV0
to be associated with better infant survival, it should be possible to
conduct RCTs of OPVO0. Third, trials should compare the effect on
survival of the OPV-schedule with an IPV-based schedule (34, 46).
While there may be good reasons to prevent the rare side effects of
OPYV, there may be even better reasons to use OPV to reduce child
mortality in high mortality areas.
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