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ABSTRACT

Introduction Gavi, the Vaccine Alliance, was set up

in 2000 to improve access to vaccines for children

living in the poorest countries. Funding has increased
significantly over time, with Gavi disbursements reaching
US $1.58billion in 2015. We assess whether Gavi’s
funding programmes have indeed increased immunisation
coverage in 51 recipient countries for two key vaccines
for 12—23 month olds: combined diphtheria, pertussis and
tetanus (DPT) and measles. Additionally, we look at effects
on infant and child mortality.

Methods Taking a difference-in-differences quasi-
experimental approach to observational data, we estimate
the impact of Gavi eligibility on immunisation coverage
and mortality rates over time, using WHO/UNICEF figures
covering 1995-2016. We control for economy size and
population of each country as well as running a suite of
robustness checks and sensitivity tests.

Results We find large and significant positive effects
from Gavi’s funding programmes: on average a 12.02
percentage point increase in DPT immunisation coverage
(95%Cl 6.56 to 17.49) and an 8.81 percentage point
increase in measles immunisation coverage (95% Cl 3.58
to 14.04) over the period to 2016. Our estimates show Gavi
support also induced 6.22 fewer infant deaths (95% Cl
—10.47 to —1.97) and 12.23 fewer under-five deaths
(95% Cl —19.66 to —4.79) per 1000 live births.
Conclusion Our findings provide evidence that Gavi

has had a substantial impact on the fight against
communicable diseases for improved population and
child health in lower-income countries. In this case, the
health policy to verticalise aid—specifically development
assistance for health—via a specialised global fund has
had positive outcomes.

INTRODUCTION

As well as seeing significant growth in the
amount of international development assis-
tance, the 2000s was a time of increased aid
specialisation, particularly for health. This
verticalisation movement was in part driven by
the thematic focus of the Millennium Devel-
opment Goals.' ? Donor countries also wanted
more control, and increasingly funnelled
development financing through earmarked
programmes or via specialised funds.® *

What is already known?

» To date, only two previous independent studies have
undertaken causal analyses of the effect of the in-
troduction of Gavi, the Vaccine Alliance, on immuni-
sation coverage.

» In an early study from 2006, Lu and colleagues
found positive impacts of Gavi funding on diphtheria,
pertussis and tetanus (DPT) immunisation rates, but
their estimates were produced from only 10 years of
data (1995-2004) and the statistical methods they
used have been superseded.

» A more recent study by Dykstra and colleagues us-
ing a methodology restricted to less-poor countries
and with lower statistical power found mainly null or
insignificant impacts on access to vaccines thanks
to Gavi support.

What are the new findings?

» Unlike the recent study, our positive findings for DPT
and measles immunisation coverage back up ear-
lier evidence of Gavi’s positive impact for its client
countries, now using 15 years of data since Gavi’s
inception and including the poorest countries, where
we might expect to see large impacts.

» In addition, we find a significant reduction in infant
and under-five mortality rates.

» We show that our findings survive an extensive bat-
tery of sensitivity checks.

What do the new findings imply?

» In this particular case, the creation of a specialised,
immunisation-focused global fund has improved
child health outcomes.

» Given large positive effects from the introduction of
Gavi assistance, the transition process for countries
graduating out of Gavi funding eligibility should be
carefully managed, and studied as further data be-
comes available.

Recent reviews of the evidence into this aid
fragmentation have found both positive and
negative results.”” Now that development
assistance for health (DAH) is plateauing and
with fund replenishments coming up, the effi-
cacy of these specialised vertical health funds
needs to be re-evaluated.®
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One such initiative, Gavi, the Vaccine Alliance (previ-
ously the Global Alliance for Vaccines and Immuni-
sation), was created in 2000 in response to stagnated
immunisation coverage rates observed in the 1990s in
developing countries. It is a global public—private part-
nership committed to improving access to vaccines for
children living in the world’s poorest countries. Gavi’s
strategy is the supply of new and underused vaccines and
the strengthening of health and immunisation systems.
The scale of Gavi’s operations has grown over time and,
since 2013, disbursements have levelled off at just under
US$1.50 billion per year on average.” Gavi accounted for
5.11% of total global DAH in 2015.% According to Gavi’s
own figures, since the fund started it has reached 640
million children in low-income and middle-income coun-
tries, saving 9 million lives."

Immunisation is seen as a key driver of improve-
ments in global health. It was one of the interventions
highlighted by the Lancet Commission on Investing in
Health to bring about ‘health convergence’—whereby
countries with the poorest mortality rates are brought
up to the level of the highest performing middle-income
countries.'" Gains for recipient countries through vacci-
nation may be amplified by knock-on effects: return on
investment estimates for projected immunisation levels
in developing countries over the current decade are up
to 16 times the initial costs.”

Our research answers the following key questions: did
Gavisupportbring anincrease in countries’ immunisation
rates beyond what would have occurred in its absence?
What size of impact has Gavi had? Did Gavi also have a
knock-on impact on child mortality rates? Given that the
institution’s core work is to improve access to vaccines, we
might expect to find vaccination rates rising as a matter
of course. However, this is by no means certain. Had Gavi
not been created, countries could have found other ways
to provide vaccine access for their populations. Alterna-
tively, Gavi funding could have crowded out domestic
spending. Some studies have found that DAH is highly
fungible, although other evidence is not so clear-cut.'*™"
Vaccines are of course a means to an end: better health
and reduced mortality through lowered disease inci-
dence. Any positive changes in vaccination levels would
be expected to improve infant and child mortality.'® In
addition, protective efficacy may be compounded by non-
specific immunisation effects.”” '® These expectations
need to be empirically checked. As well as the effective-
ness of health aid,'"*’ this paper also speaks to the liter-
ature on the link between interventions and population
health *~

Aside from Gavi’s own evaluations, two existing inde-
pendent studies have looked at the effects of Gavi support
on immunisation coverage. Early research showed posi-
tive impacts from Gavi funding on diphtheria, pertussis
and tetanus (DPT) immunisation rates.? *" The data and
methods used have become dated, though, and the anal-
ysis only looked at this one vaccine. More recently, another
study found that Gavi had null or insignificant impacts

on coverage of four out of five vaccines.” Compared with
these previous studies, our work extends both the time
frame over which impacts were estimated—allowing for
longer term effects—and the methods used. Although
we interpret our main results as causal, our use of
non-experimental data means we cannot exclude with
absolute certainty the possibility that some bias remains
in our estimates. However, we perform an extensive list of
checks to maximise our confidence in the results.

METHODS

Data sources

We use a country-level panel dataset covering 1995-2016.
Our core variables are taken from the World Bank World
Development Indicators (WDI, February 2018 version).
The WDI provide annual information on several country
characteristics such as population size, purchasing power
parity (PPP)-adjusted gross domestic product (GDP)
per capita, primary school enrolment rates and infant
and underfive mortality rates. They also provide WHO/
UNICEF figures on DTP3 (third dose of a DPT-containing
vaccine, such as tetravalent or pentavalent) and MCV1 (first
dose of a measles-containing vaccine) immunisation rates
for surviving children aged 12-23 months old, which are
our main outcome variables. Gavi supports other vaccines,
but we focus on these two measures for which cross-country
longitudinal data is most reliably and widely available,
including prior to Gavi’s creation. DPT and measles are also
two of the earlier vaccines that Gavi supported. Since the
data measure vaccinations administered to children aged
under 12 months, that is, the previous year, we shift the
rates back by 1 year, to match up to when the vaccinations
actually took place. Although late ‘catch-up’ vaccinations
do take place, these are most often late by just a matter of
weeks and hence it is reasonable to consider immunisation
rates at the appropriate age.”

The World Bank’s historical country classifications enable
us to identify low-income and lower-middle-income coun-
tries in 2000 for our analysis sample. We have 5 years of data
preceding the creation of Gavi and 16 years following. The
list of countries eligible for Gavi support and its evolution
over the years is collated from the Gavi website and public
reports. We exclude countries that lost eligibility during
our study period from the main analysis. We also exclude
East Timor, Kosovo and South Sudan, which became inde-
pendent nations during our analysis time period. There
are 51 countries in our always-eligible treatment group and
37 countries in the never-eligible control group (online
supplementary tables 1-2).

Patient and public involvement
Patients were not involved.

Statistical analysis

Gavi supports vaccination programmes in
tries below a per capita gross national income (GNI)
threshold, which from 2000 to 2011 was US$1000. Over
time, Gavi has updated its policy, with the threshold

coun-
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for 2018 eligibility (GNI per capita 2014-2016 average,
World Bank Atlas method) set at US$1580. An eligibility
cut-off lends itself to the regression discontinuity design
(RDD) used by Dykstra and colleagues.” However, this
method constrains the analysis to estimate effects only on
countries near the threshold—ignoring Gavi’s impact on
poorer countries. In the resulting relatively small country
panel dataset, an RDD approach lacks statistical power to
detect significant impacts.” Expanding the sample band-
width too far increases power but compromises internal
validity.”!

Instead, we follow a quasi-experimental difference-in-
differences identification strategy comparing the evolu-
tion of immunisation rates in Gavi-eligible countries to
similar countries not eligible for support.”** The focus
on changes over time allows us to remove the influence
of country fixed characteristics correlated with eligibility
and vaccination outcomes. Not all eligible countries
receive Gavi immunisation assistance in every year (ie,
there are no Gavi disbursements for some eligible coun-
tries in some years, although this is rare), since countries
must apply for funding and applications are subject to
review.”” Our analysis, therefore, considers eligibility for
Gavi funding as the ‘treatment’, similar to an intent-to-
treat model. We follow this approach because whether
countries did get funding—and how much—is endog-
enous to country characteristics such as institutional
capacity and health burdens. An alternative would be an
attributed vaccine impact model for mortality outcomes.
However, BenYishay and Kranker detail how these epide-
miological models suffer from a number of limitations.*

Main specification

To quantify the Gavi impact, we use the following speci-
fication with country and year fixed effects for outcome
variable y:

yctzar+5t+ﬁlD£t+thBQ+ect (1)

where ¢ indexes countries and ¢ years. D, is a binary vari-
able equal to 1 if country ¢ was eligible to receive Gavi
support in year ¢ and zero otherwise. a. and ¢, are country
and year fixed effects, respectively. X, is a vector of country
characteristics that explain variation in immunisation rates.
It includes PPP-adjusted GDP per capita (which is strongly
correlated with, and a good proxy for, other human devel-
opment outcomes) and population in our baseline model.
Our identification strategy requires the error, e, to be
uncorrelated with the treatment, D,,, conditional on all the
controlvariables. This might nothold if there are other time-
varying differences between countries that are correlated
with Gavi eligibility and the health outcomes. In some alter-
native specifications, we add additional control variables to
check the sensitivity of our results. However, this reduces
our sample size and could skew our results if systematically
certain types of countries have missing data. Also, since most
country-level control variables are measured with some
error, including those affects the consistency of the esti-
mates. Despite this, the extended specification is our

preferred model for the infant and child mortality
outcomes, since the number of potential confounders is
very likely higher. It is indeed possible that treatment coun-
tries implemented health reforms and benefitted from
other public interventions during our study period. We
account for this possibility in the robustness tests section
where we control for various other sources of international
assistance and health aid. The main coefficient of interest
is /1 measuring the effect the introduction of Gavi has had
on each outcome. We estimate Equation 1 by ordinary least
squares using the Statistical analysis software Stata (V.15.1).
SEs are clustered by country.”

In 2000, Gavi offered assistance to all low-income coun-
tries and some lower-middle-income countries. For a
meaningful comparison we restrict our counterfactual
control group to only lower-middle-income non-eligible
countries. The key identifying assumption is that in the
absence of Gavi, vaccination rates in eligible and control
countries would have evolved in a similar way (parallel
trends). We have sufficient data prior to 2000 to test
whether this assumption is plausible.

The comparison group we use is not perfect and
there might be differences between the treatment and
control countries. However, the difference-in-differences
research design cancels the influence of time fixed char-
acteristics that may differ between the two groups. We
address potential concerns stemming from differences in
immunisation and income levels between the groups by
checking results when the sample is restricted to coun-
tries closer in baseline levels. To allay other concerns, we
run a suite of sensitivity and robustness checks.

Parallel trends test

Since the internal validity of our analysis relies on the
parallel trend assumption, we provide a formal Granger
type of causality test.”” The intuition is that consequences
should happen only after their causes, not vice versa.
Therefore, the difference between the trends in outcome
variables for the two groups of countries (treatment and
control) prior to 2000 should not be statistically different
from zero, that is, the trends follow parallel paths. For
our study, the impact of Gavi on immunisation rates
should only be observed after its creation, with zero effect
in the late 1990s from future eligibility to Gavi support.
To implement this test, we estimate the following model:

5 10
ycl = O‘E + 61 + Z )‘+TDC,I+T + Z )\77'Dc,lf‘r + )(il 62 + grl (2)

=2 =0
where the sums allow, respectively, for anticipatory
(leads) and post-treatment (lags) effects. We leave out
the last pretreatment year (1999), and all the leads and
lags are expressed relative to this omitted year serving as
the baseline.

For both DPT and measles immunisations, our esti-
mates show no significant effect on the rates in the years
preceding the establishment of Gavi but increasingly
significant and positive effects thereafter (figure 1).
These patterns are consistent with a causal interpretation,
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and confirm the validity of the difference-in-differences
model using this control group of countries. We run the
same test for our two mortality outcomes (figure 2), with
similarly strong results. These results also support our
choice of covariates to include in the preferred models
in each case.

RESULTS

Overall, we find solid evidence that Gavi has helped
improve protection against DPT and measles in devel-
oping countries (table 1). Our point estimates show that
on average Gavi increased the DPT immunisation rate
by 12.02 percentage points (95% CI 6.56 to 17.49) over
the study period. Rates of vaccination against measles
were boosted by 8.81 percentage points (95% CI 3.58
to 14.04). These average treatment effects are on top of
baseline 1995-1999 mean immunisation rates of 70.95%
and 71.65% for DPT and measles respectively, equating to
average 16.94% (DPT) and 12.30% (measles) increases
on baseline levels. With some countries eligible for Gavi
funding not receiving any in some years, the true differ-
ence between treated and control countries is probably
even greater than the observed difference, making these
values lower bounds on the true effects. It should be
noted that we estimate the effect of Gavi coming into
existence; these are not impacts of scaling up Gavi’s oper-
ations. It is true that the estimated effects could include
impacts from other policies and programmes starting at
the same time, if these were also directed just to Gavi-
eligible countries. However, we go on to run a suite of
checks to eliminate this possibility as much as possible.

In this model, each country carries the same
weight regardless of its size. Larger, more populous
countries usually receive more funding from Gavi.
Population-weighted results by birth cohortsize are shown
in column 2. The point estimates are similar and indi-
cate a strong and significant impact on coverage of both
immunisations. This also holds when using total popu-
lation size as weights. Our positive impacts are robust to
controlling for a broad range of additional covariates,
including the rate of economic growth (column 3),
domestic health public spending (column 4) and—al-
though with a reduction in point estimate—primary
and secondary education enrolment, urbanisation and
quality of institutions (column 5).

Gavi began supporting MCV2 (second dose) measles
vaccinations specifically in 2004 and MCV1 in 2012. The
earlier Gavi-supported second dose vaccine is used as an
opportunity to administer a first dose for children who
are not already vaccinated.”™ * However, Gavi’s funding
of general immunisation system support and supply chain
strengthening took effect from the start, and Gavi chan-
nelled non-country-specific funding for measles vaccina-
tion programmes via several partner organisations. As an
additional check, we estimate the Gavi effect on measles
vaccination coverage from 2004. These results show a
slightly larger Gavi impact of 10.54 percentage points
(95% CI 6.09 to 15.00).

In our sample of low-income and lower-middle-income
countries, there is considerable variation in socioeco-
nomic development and hence GNI per capita. The more
advanced control countries might have differed in unob-
served characteristics from the less advanced treatment
countries (hence not comparing like with like). Alter-
natively, the lowest income countries could simply be
‘catching up’—convergence—rather than experiencing
a Gavi effect. Therefore, we conduct the first in a series of
heterogeneity analyses, replicating our estimation while
excluding countries above the median GNI per capita of
never-eligible countries in 2000 and countries below the
median of eligible countries. Working with this reduced
sample does not affect our conclusions (column 6). In
fact, we found larger point estimates for Gavi’s impacts,
although also wider Cls.

Another concern is that our results might be driven
by eligible countries with very low baseline immunisa-
tion rates for which improving access to vaccines would
be easier. To address this, we exclude all countries with
average DPT vaccination rates for 1995-1999 below 60%
and similarly for measles vaccination rates below 50%. All
the never-eligible control countries had vaccination rates
above those cut-off levels prior to 2000. Although the esti-
mated effect size decreases, our results still indicate that
Gavi support has contributed to increasing levels of DPT
and measles vaccination (column 7). Our results remain
robust to adjusting the cut-off level. It should be noted
that there is a wide spread of baseline coverage rates in
both our control and treatment groups. It is not simply
the case that countries ineligible for Gavi assistance were
already at a maximum possible ‘ceiling’ for vaccination
rates. Testing this more formally, we estimate the Gavi
treatment effect for a subsample of countries excluding
those with baseline vaccination rates above 90%. These
results are very close to the main estimates (column 8).
This also removes concerns about using a linear identifi-
cation method for bounded outcomes.

The 20 late graduate countries, which all became
ineligible for funding during Gavi’s third phase (2011-
2015), are excluded from our main analysis. However,
these countries did continue to receive Gavi support for
existing programmes after graduation and arguably they
form part of the impact of Gavi funding. The point esti-
mates when including these countries (column 9) are
only slightly smaller than the main results and actually
underestimate the true impact, given that some late grad-
uate countries were not funded by Gavi through to 2016.

The other Gavisupported immunisation for which
there is data pre-2000 is hepatitis B. However, these
data contain large gaps with many missing observations.
Despite the limitations, we still assess Gavi’s impact—
since hepatitis B is one of the diseases in which Gavi
has invested the most. We find a positive average effect
on vaccination rates, but the point estimate is high, at
25.12 percentage points, with large SEs (95% CI 0.47 to
49.77). While a positive impact on hepatitis B immuni-
sation coverage is consistent with our previous findings,
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the estimation is imprecise. Another vaccine that Gavi
supported early on is against Haemophilus influenzae
type B (Hib), but data coverage is seriously limited. There
are only 2.27% of country-year observations available
prior to 2000, which prevents us from analysing Gavi’s
impact on Hib vaccine rates.

Despite endogeneity concerns from Gavi funding deci-
sions, for comparison we also run a variable treatment
model to measure the Gavi effect depending on level of
funding disbursed per year (measured in real 2016 US$
million).32 For both immunisations, we estimate that
increasing Gavi disbursements by US$100 million led
to a significant rise in vaccination rates over our study
period: an average increase of 15.45 percentage points
(95% CI 4.74 to 26.15) for DPT and 11.99 percentage
points (95% CI 0.76 to 23.22) for measles.

While Gavi’s objective is to provide access to new and
underused vaccines, its long-term mission is to save chil-
dren’s lives. Despite our positive immunisation coverage
results, there could have been no impact on mortality if,
for instance, Gavi had prioritised vaccines not relevant to
address specific health burden needs or had crowded out
other life-saving health expenditures. Table 2 provides
our estimates of the effect from Gavi support on infant
and underfive mortality rates, using the same regres-
sion model as for the immunisation results. Given the
greater potential confounding factors for mortality than
for immunisation coverage, the impact coefficients when
controlling for a wider set of covariates (column 5) are
the more appropriate baseline estimates of the true Gavi
effect. Taking this approach, we can say that Gavi eligi-
bility led to an average reduction of 6.22 (95% CI -10.47
to —1.97) infant and 12.23 (95% CI -19.66 to —4.79)
under-five child deaths per 1000 live births over our study
period. With pretreatment 1995-1999 means of 66.45
infant and 101.42 child deaths per 1000 in our sample,
this impact corresponds to an average 9.36% reduc-
tion in the infant mortality rate and an average 12.06%
reduction in the under-five mortality rate. These reduc-
tions are not solely due to DTP and measles vaccines,
but Gavi’s support of and introduction of many new
vaccines, plus improvements in immunisation and health
systems. The mortality results hold strongly if we control
for the rate of economic growth (as shown in column 3).
This is important because domestic growth may lead to
improved health outcomes.*

There are of course other sources of health aid, and
it is possible that at the same time as Gavi was created,
there was a separate movement encouraging vaccination
programmes. Estimating Gavi’s average impact on immu-
nisation rates while controlling for all other multilateral
and Development Assistance Committee bilateral DAH
gives very similar results to the main point estimates—11.94
percentage points (CI 6.48 to 17.39) for DPT immunisa-
tion coverage and 8.75 percentage points (95% CI 3.50 to
13.99) for measles. Two years after the creation of Gavi,
the Global Fund to Fight AIDS, Tuberculosis and Malaria
was established, also working with developing countries.

We also estimate the Gavi effect just controlling for Global
Fund annual disbursements and find almost identical
results. We conclude that our estimates of Gavi’s vaccina-
tions impact are not driven by other aid activities. This also
holds for our infant and child mortality results. (See online
supplementary table 3.)

Since 1977, Latin American countries have benefitted
from the Pan American Health Organisation (PAHO)
and its Revolving Fund for essential vaccines, syringes
and other supplies. To make sure that we have not over-
estimated Gavi’s impacts by absorbing a PAHO effect, we
exclude all Latin American countries, finding even larger
positive, significant Gavi effects. This is not surprising
given that more PAHO-assisted countries are in our
control sample than in our treatment group. Another
potentially competing vaccination health programme
we need to consider is the Measles Initiative (later the
Measles & Rubella Initiative), set up in 2001. However,
Gavi actually helps fund the Measles & Rubella Initiative,
having channelled US$197million through the organi-
sation between 2005 and 2008 alone.”’ Although there
are other funders, Gavi is one of the two largest contrib-
utors, and we expect its support for the initiative to have
contributed to the measles impacts we find.*’

Ataround the same time as Gavi was created, the Heavily
Indebted Poor Countries (HIPC) Initiative approved debt
relief for a number of Gavi-eligible countries. It is there-
fore possible that our estimates of Gavi’s impact could be
picking up a HIPC effect on health outcomes in recipient
countries. We rerun our baseline analysis adding in two
alternate definitions of HIPC support. Our immunisation
results are highly robust to these specifications (online
supplementary table 4).

To strengthen the credibility of our results, we run a falsi-
fication test. We assess Gavi’s impact on incidence or prev-
alence of diseases it has not targeted: HIV/AIDS, malaria
and tuberculosis (while controlling for Global Fund
disbursements, since these are all diseases that organisa-
tion does target). Confirming our expectations, we fail to
find any significant effect of Gavi disbursements on these
disease measures (online supplementary table 5).

In addition to inevitable measurement error for
aggregated statistics, Gavi-recipient countries have been
accused of inflating DPT vaccine administrative data used
to construct coverage indicators because they receive
extra funding under the flexible immunisation services
support programme based on the number of children
receiving vaccination. The cash reward is thought to have
encouraged governments and health service providers
to over-report immunisation coverage.* ** To check our
results, we replicate the analysis using immunisation
rates from Demographic and Health Surveys (DHS),
which data are gathered via individual and household
surveys (online supplementary table 6). Coverage of
DHS surveys is more limited, though, which makes preci-
sion difficult. We estimate that in Gavi-eligible countries
the percentage of children with no vaccination at all
fell by 5.13 percentage points (CI -8.46 to —1.79), DPT

Jaupart P, et al. BMJ Global Health 2019;4:¢001789. doi:10.1136/bmjgh-2019-001789

7


https://dx.doi.org/10.1136/bmjgh-2019-001789
https://dx.doi.org/10.1136/bmjgh-2019-001789
https://dx.doi.org/10.1136/bmjgh-2019-001789
https://dx.doi.org/10.1136/bmjgh-2019-001789
https://dx.doi.org/10.1136/bmjgh-2019-001789
https://dx.doi.org/10.1136/bmjgh-2019-001789

‘Aysed Jjamod Buiseyoind ddd ‘@wodul [euoijeu ssoib ‘|ND ‘1onpoud oisawop ssolb dan

‘POPN|OXd %06 SAOJE d1EJ UOHESIUNWWI 8UI[8SBq YIM SaUNo :g uwnjoDtt
‘PAPN[OXd 9% (09 MOJSQ Sd1BJ UOoIIBSIUNnwWW| S8|seaw auljaseq abesane Yjm sauunod ;7 uwnjontt
"papN|oxe 000g Ul uolnguisip eydeo Jad [N 8U3 4o Jley (Jeddn) wonog sy} ul seLunod (a|qibije-uou) 8|qibi3 :9 uwnjol
‘(uoisian L0z Aenuep :1oseiep pJepuels HoY aul Ul 8|ge|ieAe ‘xapul syybu [eoiijod asnoH
wopaal4) sybu [eonijod pue (sioreoipu Juswdogasq plop)) uoiieindod uegqun ‘Quaw|olus [00Yds Alepuodas ‘qusw|olus [00yds Arewld :aJe sejelienod [BUOILIPPY 6 O} € suwnjon§
"anfeA 000¢ O} 19S 666 1-G66 | 410} elep ainypuadxa olignd
'000¢ 0} JoLd ainypuadxs O13S8WOP UO d|ge|ieAB SUOIIBAISSJO ON ‘(9seqeleq ainypuadx3 yiesH [eqolD OHM) ddD % Se ainypuadxs yijesy juswulanob [eseusb onsewoq i uwnjoDt
‘0002 Ul 8zIs Joyod yuiq o} [enba ale syyblem ‘(6oj u) eudeo Jad 4qo paisnipe-ddd apnjoul Ajuo sejeleno) g uwnjonl
"1:0>d, ‘G0°0>d. 100>,
‘pajels asimIaylo ssajun (6oj ul) uoneindod pue (6oj ul) eudeod Jad g apnjoul suoissalbal || "9102-S66 | :porad aidwes 'siojedipu| Juswdojanag PHUOAA :924N0S elep Ule|
‘lona] A1unod 8y} Je patalsn|o sesayjualed ul SIS isnqoy

Buipuads
olpsawop snid ymoib |IND
19S JOPIM 1S JopIM 1S JopIM 189S JopIM 19S JOPIM 19S JOPIM  Snid 18s JapIA JsaA SOA SojelenoD)
SOA SOA SOA SOA SOA SOA SOA SOA SOA S109118 PaxI} JBsA
SOA SOA SOA SOA SOA SOA SOA SOA SOA  S108ye paxi Aiunod
8.0 080 S0 7.0 8.0 6.0 180 280 9/'0 pasenbs-y paisnipy
LOL €9 0L (01 c8 8 /9 €8 78  $8lUN0J JO JSqWINN
SLet 108 9¢6 30174 960+ G800+ cl8 108 €a8l suoneAssqO
(80’€) (c67¢) (rey) (0e'y) (rL€) (16¢) (or'¢) (esy) (6EY)
=8 EL— VG LE— VG~ A PR A xx8C CF~ xxlBV L~ xx06'6C~ «9P'TZ— 10840 Agibie 1nen
(sywig a1 000 | 4od) seres AljeHow aAl-1apun :8|qeleA Juspuada( :g |sued
080 6.0 120 080 6.0 6.0 ¢80 880 6.0 pasenbs-y psisnipy
[§0] 8 €9 0L 0¢ a8 c8 19 €8 78  $8MUN0D JO JsquinN
€Lel ,08 9¢6 3014 960+ G800+ cl8 108 gecsl suoneAlssqoO
(69°1) 812 (052 (8€2) (2% ez (98°1) (0g2) (ce2)
xx69'9~ xx88°6~ xx0°L— {0 xxGG 9™ xx60'9~ «xx807L— «xC0'G L~ w06 L= 10048 ANjIqiBye 1nen
(symig @Al 000 | 1od) sares Aljeriow Juelul :|geleA Juspuada( 1y |oued
§soapunod 1+§%06 11S§o1e4 L§sarunoo §sojenienod F§sajernienod §sojeuenod  Jpaybiom pajybiomun
ajenpe.b aje| MoJaq ajed uonesiunwiwi] 9|qibIjaul Iner)  JeuolIppe JO leuonippe jo  |euonippe jo uonejndod ‘sjdwes |jng
Buipnjoul uopesiuUNWW] S3|Seaw auljdseq Ja100d pue 19S 9pIM Jo} 19S 9pIMm pue  }3s 9pIm pue ‘sjdwes ||n4
‘aldwes sa|seaw abeusane Jaybiy a|qiBije-1ney Buijjospuod  Huipuads ol qnd ymmoub |IND
papuaix3 auleseq yum  yum ajdwesqng Jayou yum ‘gidwes [In4 yjeay snsawop 1oy Buijjosuod
a|dwesqng a|dwesqng Joj Buijjosuod ‘a|dwes ||n4

‘gldwes |In4

S8W02INO0 AH[BHOW UO 108448 IABL)

¢ 9lqel

k=
=
©
[}
T
©
Kol
2
(O]
-
=
[

Jaupart P, et al. BMJ Global Health 2019;4:e001789. doi:10.1136/bmjgh-2019-001789



8 BMJ Global Health

vaccination rates increased by 8.23 percentage points
(2.46 to 14.01) and measles vaccine coverage increased
by 11.16 percentage points (95% CI 5.15 to 17.17). These
additional DHS results provide evidence that our main
results are not due to misreporting.

DISCUSSION

In this study, we find a large and positive total average
effect of Gavi support on access to measles and DPT
vaccinations, across all Gavi-eligible countries. Our statis-
tical method covers the full range of aid-recipient coun-
tries, unlike the most recent Gavi study by Dykstra and
colleagues, allowing for better estimation. While we
cannot entirely rule out the possibility that our results
may be biased due to unobservable time-varying char-
acteristics and interventions, we run an extensive list of
robustness checks giving us strong confidence in the
internal validity of our findings. Our results are also
sufficiently powered. We provide results for two immu-
nisations—those for which data are most widely availa-
ble—and a third supportive result (Hepatitis B). DPT
and measles are early vaccines that Gavi supported,
though, and it is possible that Gavi’s impacts for newer,
more expensive immunisations may differ.

Our positive, significant DPT and measles results are
in contrast to the insignificant vaccine results found by
Dykstra and colleagues.”® We ascribe this to a lack of
statistical power in their RDD analysis rather than the
fact that they can only consider richer Gavi-eligible coun-
tries, since we do not find differential effects estimating
separately for countries in the upper versus lower GDP
per capita income distribution. This somewhat contra-
dicts the suggestion made by Dykstra and colleagues that
richer Gavi-eligible countries do not see large impacts
on DPT immunisation rates, but that poorer countries
may. Aside from the aforementioned statistical power
issues, this could also be because we look at outcomes
over a long-run time frame. Repeating our baseline
difference-in-difference analysis but using Dykstra and
colleagues’ method to define the subsamples of treat-
ment and control countries, we find statistically signifi-
cant positive effects on DPT and measles immunisation
coverage, with point estimates around half the size of our
baseline estimates (online supplementary table 7). Our
own subsample analyses show that there are more gains
in vaccination coverage to be made from Gavi support for
countries with lower baseline immunisation rate rather
than simply poorer countries. The converse is true for
impacts on mortality.

To investigate whether Gavi’s impact faded or increased
over time for these early vaccinations, we collapse our
dataset into four time periods and estimate separate treat-
ment effects. The periods correspond to the pretreat-
ment years 1995-1999 followed by the three Gavi phases:
I (2000-2006), IT (2007-2010) and IIT (2011-2015). The
positive impact on immunisations rates has grown over
time, consistent with increasing disbursements from
Gavi (online supplementary table 8). Despite this, rough

calculations suggest that this increase is due to higher
levels of funding in later phases rather than an increase
in the impact per dollar spent. In fact, our calculations
are suggestive of a decrease in impact per dollar over
time, particularly for DPT, as Gavi’s impact was found to
increase at a slower rate than disbursements. This is likely
due to Gavi’s focus on the newer but more expensive
tetravalent and pentavalent vaccines, which include DPT.
When we split Gavi funding into systems support and
vaccine support and run a continuous effects model, we
find that general funding in fact has a larger impact on
vaccination coverage than new and underused vaccine
support (NVS) (online supplementary table 9). This is in
good part due to the fact that Gavi disburses much more
for NVS.

Saving lives is the longer-term aim from the creation
of Gavi. Calculations based on our point estimate of a
reduction in infant mortality of 6.22 per 1000 live births
over the period to 2016, produce an estimate of lives
saved very similar to Gavi’s own figure of 9 million. By
multiplying Gavi’s impact on underfive mortality per
US$ disbursed over the study period by the number of
such deaths we roughly calculate the cost for Gavi to save
one child’s life at $118. Our most conservative estimate
for the statistical value of life is more than 500 times the
cost for Gavi to save an underfive. Mortality improve-
ments will not be solely due to prevention of deaths from
diseases for which Gavi supports vaccinations—even
though the fund expanded coverage to 13 different
diseases over the sample time period. The Gavi effects
on infant and under-five mortality may be compounded
by non-specific effects from measles immunisation.'” '®
In addition, Gavi’s support of in-country immunisation
systems as well as potential knock-on effects of improved
health on recovery from other diseases help bring down
mortality rates.*** Also, other public health programmes
can be attached to vaccination campaigns.*’ In the case
of some fungibility of Gavi-provided assistance, recipient
countries might have shifted domestic resources to other
health programmes that also reduce mortality. If the net
result is still population health improvement, though,
some DAH fungibility may be seen as acceptable.

Transition

In addition to Gavi’s assistance, Gavi-supported coun-
tries must contribute a set amount per vaccine dose. In
this way, national ownership is built while Gavi bears
the majority of the costs. As an economy grows above
the World Bank’s low income threshold, it enters a
preparatory transition phase, and the national vaccine
contribution starts to rise.*” Once it has grown beyond
Gavi’s income eligibility threshold, that country enters
a b-year accelerated transition process to phase out Gavi
support. During this period, Gavi looks to ensure sustain-
ability of immunisation programmes.48 Existing vaccine
programmes are supported but new applications are only
accepted for strengthening routine immunisations or
equity.” In 2016, 16 countries were in transition and by
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2020 a further 12 countries are expected to have tran-
sitioned.'’ While our analysis estimates the effect of the
introduction of Gavi, it also provides a cautionary note
on the management of transition processes. The size of
Gavi’s impacts on immunisation coverage and mortality
rates are indicative of the size of the problem that tran-
sitioning middle-income countries may face. Removal
of support is not simply the opposite of its introduction,
but there is no other estimate available at present. Not
enough countries have gone through transition with
sufficient post-transition time periods.

Reviewing individual country vaccination rates across
transition, most countries’” DPT immunisation coverage
either remained relatively stable or dropped off slowly
(online supplementary figure 1). Comparing effects
estimated from alternative treatment groups of coun-
tries including/excluding late graduating countries and
different time periods including/excluding transition,
preliminary calculations suggest that, on average and in
the short run, countries losing Gavi support under the
current managed transition policy do see a relative drop
in immunisation rates (online supplementary table 10).
However, this is not as large a (negative) impact as the
(positive) impact of Gavi’s introduction.

Gavi’s vaccine-purchasing aid is found to be fungible
in analysis based on countries close to the transition GNI
per capita cut-off.” Unfortunately, data showing domes-
tically sourced government spending on vaccines is not
available for many countries, and we cannot adjust for
this in our analysis. However, Dykstra and colleagues’
results do complement our suggestive evidence for lesser
transition impacts and reduced impacts per dollar over
time, which could be showing less-poor countries’ ability
to domestically absorb some Gavi funding slack. Further
research on the transition issue is warranted.

CONCLUSION

In this case, the verticalisation of aid through the creation
of a specialised, immunisation-focused global fund has
had positive outcomes. In part, this may be due to Gavi’s
work in vaccine provision—research and development
support, price support and supply chain support—as well
as the direct impacts on immunisation coverage. Vaccines
are global public goods, for which supranational coordi-
nation is invaluable.'” ' Other potential sectors for verti-
calisation may not have this property and Gavi’s success
does not necessarily provide a template. The question of
transition out of receiving health aid is also a significant
one that should be looked at in more depth as more data
become available.
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