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Abstract

Background: Many interventions delivered to improve health may benefit not only direct re-
cipients but also people in close physical or social proximity. Our objective was to review
all published literature about the spillover effects of interventions on health outcomes in
low-middle income countries and to identify methods used in estimating these effects.
Methods: We searched 19 electronic databases for articles published before 2014 and
hand-searched titles from 2010 to 2013 in five relevant journals. We adapted the
Cochrane Collaboration’s quality grading tool for spillover estimation and rated the qual-
ity of evidence.

Results: A total of 54 studies met inclusion criteria. We found a wide range of termin-
ology used to describe spillovers, a lack of standardization among spillover methods and
poor reporting of spillovers in many studies. We identified three primary mechanisms of
spillovers: reduced disease transmission, social proximity and substitution of resources
within households. We found the strongest evidence for spillovers through reduced dis-
ease transmission, particularly vaccines and mass drug administration. In general, the
proportion of a population receiving an intervention was associated with improved
health. Most studies were of moderate or low quality. We found evidence of publication
bias for certain spillover estimates but not for total or direct effects. To facilitate im-
proved reporting and standardization in future studies, we developed a reporting check-
list adapted from the CONSORT framework specific to reporting spillover effects.
Conclusions: We found the strongest evidence for spillovers from vaccines and mass
drug administration to control infectious disease. There was little high quality evidence
of spillovers for other interventions.
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Key Messages

¢ Spillovers are the effects of an intervention on individuals who did not receive the intervention but who are con-
nected to recipients through physical or social proximity.

* Qur systematic review found a wide range of terminology used to describe spillover effects, a lack of standardization
among spillover measurement methods and poor reporting of spillover effects in many studies.

* The strongest evidence for spillover effects exists for studies of vaccines and mass drug administration to control in-
fectious disease. The evidence of spillover effects for other interventions is of limited or poor quality.

* To facilitate improved reporting and standardization in future spillover studies, we developed a reporting checklist
adapted from the CONSORT framework, specific to reporting of spillover effects.

Introduction

Interventions delivered to improve health are frequently tar-
geted to specific populations. Such interventions may benefit
not only direct recipients but also those who did not receive
the intervention but are connected to recipients through
physical or social proximity. Such effects, which we refer to
as ‘spillovers’; are a component of the population-level im-
pact of interventions. A wide range of terms has been used to
describe spillovers in disciplines including economics, public

health and political science: externalities,'~* interference,”’

911 stable unit treatment

3

contamination,® herd immunity,
value assignment (SUTVA) violations,'? stability violations'
and indirect effects.'®"?

A “positive’ spillover is an effect in the same direction as
the treatment effect (on intervention recipients); con-
versely, a ‘negative’ spillover is an effect in the opposite
direction of the treatment effect. If positive spillovers are
present, studies that only estimate treatment effects with-
out measuring spillover effects will underestimate the ef-
fectiveness of the intervention. In addition, cost-
effectiveness calculations that exclude such spillovers may
underestimate intervention benefits. Conversely, if negative
spillovers are present, evaluations that do not measure
spillover effects may overestimate health impacts and cost-
effectiveness. Furthermore, negative spillovers could at-
tenuate the effects of an otherwise beneficial intervention.
For these reasons, when an intervention is capable of dif-
fusing through a population, information about spillover
effects is an important complement to estimates of treat-
ment effects—when spillovers are found to be large and
positive, such evidence may, for example, justify national
scale-up of an intervention or a public subsidy.'® The well-
documented evidence of spillovers (i.e. ‘herd effects’) of
many vaccines justifies the cost-effective scale-up of im-
munization efforts to a global level via programmes such

as the Global Alliance for Vaccines and Immunization.'”>'®

In the epidemiological literature focusing on trials of
interventions other than vaccines, spillovers have moti-
vated randomizing clusters rather than individuals in order
to minimize the chance of spillovers into control units (i.e.
‘contamination’).®'”?° Outside vaccine studies, epidemi-
ologists consider spillovers in designing studies (e.g. the ex-
pectation of spillovers may motivate cluster-randomization

instead of individual-randomization®!*%)

, but they typic-
ally do not estimate spillovers explicitly alongside direct ef-
fects. Recently, spillovers have increasingly been framed as
a quantity of interest themselves, particularly in economics
where a growing literature describes spillovers of interven-
tions including school-based deworming® and insecticide-
treated bed nets.”' On the whole, methods for estimating
spillovers have developed independently within disciplines.

We conducted this systematic review in order to sum-
marize the literature about spillover effects on health in
low- and middle-income countries. We restrict our review
to such countries because this review was supported by the
International Initiative for Impact Evaluation (3ie), which
focuses on low- and middle-income countries.”* Our ob-
jective is to provide a broad summary of the types of spill-
over effects that have been measured to date.

Methods

Protocol and registration

We attempted to register our protocol with the Campbell
Coordination International Development Coordinating
Group (IDCG). However, because our protocol included a
synthesis of methods in addition to a systematic review,
the IDCG did not accept our protocol. Instead, the
International Initiative for Impact Evaluation (3ie), which
funded this endeavour, supported the development of the
protocol and provided both internal and external review.
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Eligibility criteria

A complete description of eligibility criteria is available in
Supplement 1, as Supplementary data at IJE online.
Briefly, we included studies that: (i) were conducted in
low- or middle-income countries as defined by the World
Bank®® (as required by our funder); (ii) were quantitative
studies evaluating an intervention; (iii) measured health
outcomes; and (iv) included a comparison group with suffi-
cient detail about the design and comparison group to de-
termine whether there were serious threats to internal or
external validity.

Information sources

We searched 19 electronic databases that contained articles
on health, economics, social science, and other disciplines
for articles published before 2014 (Supplement 2, available
as Supplementary data at IJE online). In addition, we
hand-searched all titles from 2010 through 2013 in the fol-
lowing journals, which we considered most likely to in-
clude relevant articles: Health Economics, The Journal of
Development Effectiveness, The Lancet, PLoS Medicine
and the World Bank Policy Research Working Papers.

Search

A detailed description of our search strategy is listed in
Supplement 3, available as Supplementary data at IJE on-
line. We searched reference lists of texts classified as eli-
gible in the original search. We also identified records that
cited included texts from the original search using Google
Scholar. Following the search process, all records were
merged, duplicates were removed and a unique ID was as-
signed to each record.

Study selection

At least one team member reviewed each record for rele-
vance. Titles that were clearly not eligible for the review
received no further review. We reviewed each available ab-
stract that passed the title review for relevance. If an ab-
stract was not available but a full text was, we reviewed
the full text instead. Of the abstracts deemed relevant, we
reviewed each full text for relevance. For records that were
deemed not to be relevant, team members recorded the first
reason for exclusion identified. If multiple versions of a
paper were available, we included the most recent version
of the paper.

Data collection process

We extracted data from included texts, and then a second
team member independently checked all extracted data. In
one case, spillover results were mentioned and disaggre-
gated results were not listed in the publication, but the au-
thors mentioned that results were available upon
request.”* We contacted the authors to request these results

but did not receive a reply.

Data items

We extracted information about: interventions; outcomes
measured; study site; primary study design; study design
used to estimate spillovers; purported spillover mechanism;
scale of spillover (e.g. household versus village); average
cluster-level treatment coverage; whether or not spillover
measurement was pre-specified; and direct effect, total ef-
fect, overall effect and spillover effects reported numeric-
ally in tables or text. If multiple effects or model
specifications were used to estimate the direct, total or
overall effects, we chose the estimate that appeared to be
the primary finding reported by the author and that
allowed the greatest comparability of the effect with the
spillover estimates. We considered spillovers to be pre-
specified if spillover estimation methods were included in
the original study protocol.

Risk of bias in individual studies

We classified specific criteria related to risk of bias for each
study using criteria compiled from relevant fields.>>*’
Duplicate assessment of risk of bias was performed for a
20% subsample. Classification was not blinded. Co-
authors of this systematic review who had authored
included studies did not participate in the classification of
risk of bias criteria for any studies. For studies that per-
formed secondary analyses, we attempted to obtain the
original publication and incorporated information from the
original publication(s) into our risk of bias assessment. We
only assessed the risk of bias for the elements of the study
that estimated effects on health outcomes. We also created
an overall classification of risk of bias for individual studies
by adapting the Cochrane GRADE approach’®®?!
over estimation (Supplement 4, available as Supplementary

to spill-

data at IJE online). We developed these criteria through
an iterative process in which we revised our classification
system after the initial risk of bias assessment for each study
and discussion with multiple reviewers. We then classified
each study’s overall quality of evidence as ‘very low’, ‘low’,
‘medium’ or ‘high’.
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Summary measures

Due to the wide range of interventions and outcomes eval-
uated in included studies, we did not consider it reasonable
to assume that the studies included were independent and
that a common treatment effect existed across all included
studies.®” Thus, we did not calculate summary measures.

Synthesis of results

For spillover types for which a sufficient number of studies
reported estimates, we standardized results for binary out-
comes on the relative scale. We present results as the per-
centage reduction in outcomes attributable to intervention
{[1- relative risk (RR)] x 100%}. For results reported only
as risk differences, we calculated the percentage reduction
by dividing the risk difference by the probability of the out-
come in the control group. We chose the relative scale in-
stead of the additive scale because the interpretation of risk
differences depends upon the risk of the outcome among
the untreated; given the wide range of interventions and
outcomes included in this study, we consider the relative
scale to be more appropriate because it facilitates direct
comparison using a single measure. We did not synthesize
results for continuous outcomes because very few studies
measured the same continuous outcome. To generate forest
plots, we converted estimates on the additive scale to the
relative scale by dividing by the mean of the outcome
among individuals not receiving treatment. In plots com-
paring estimates across studies, we presented 95% confi-
dence intervals for the studies for which standard errors
were reported or could be estimated on the relative scale.
When possible, we used adjusted effect measures in these
plots because many of the included studies used observa-
tional designs or used randomized designs that conditioned
on a non-randomized variable (e.g. eligibility status) to
measure spillovers. Thus, we consider adjusted estimates
more appropriate because they are less likely to be biased
than crude estimates. We excluded studies of low or very
low quality from plots comparing results across studies.

Risk of bias across studies

To assess publication bias, we produced funnel plots. We
produced separate plots for studies estimating risk ratios
(or 1-RR) and risk differences because insufficient informa-
tion was reported to standardize measures on a single
scale. Funnel plots only included studies that estimated ef-
fects for binary outcomes. We did not produce funnel plots
for estimates using continuous outcomes because the num-
ber of different outcomes measured would not have
allowed for comparison across a useful number of studies.

Additional analyses

We searched each included text for terms commonly used
to describe spillovers and noted whether the terms ap-
peared in each text.

Results

Study selection

We retrieved 49 749 records through our search process
(Supplement 7 Figure 1, available as Supplementary data
at IJE online). Following removal of duplicate records and
records from non-bibliographical sources, we reviewed
31622 titles for relevance. We reviewed relevant abstracts
and full texts and classified 28 studies from the original
search as eligible. We performed title, abstract and full-
text review on the reference lists of the 28 eligible texts
(n=798 records) and identified one additional eligible
text. We also reviewed records that cited the 28 original
included texts (7=1622 records) and identified an add-
itional 235 eligible texts. A total of 54 records were included
in this systematic review. Reasons for exclusion of full
texts are listed in Supplement 5, available as
Supplementary data at IJE online. We extracted data from
51 studies. We could not extract data for two studies that

33,34

only reported spillover effects graphically or for one

study that did not provide numerical results for spillover

estimates.”*

Study characteristics

Studies were conducted in 17 low- or middle-income coun-
tries. The most common study design was cluster-
randomized trials (72=13 studies; 24%) followed by
re-analyses of cluster-randomized trials (z=9; 17%) and
re-analyses of individually randomized trials (n=7; 13%).
The most common interventions were vaccines (17 =22;
41%), mass drug administration for infectious disease
control (n=7; 13%) and health education (z=35; 9%).
Several programmes were commonly evaluated for spill-
overs: the maternal and child health programme in
Matlab, Bangladesh;>**® the PROGRESA programme,

which offered conditional cash transfers in Mexico;>”>>%

h;39414 and

cholera vaccines provided in Matlab Banglades
the Primary School Deworming Program in Busia,
Kenya.>**=*" Studies estimated a variety of different statis-
tical parameters to quantify spillovers; we define these par-
ameters in Supplement 8, available as Supplementary data

at IJE online.
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Risk of bias within studies

Six studies (11%) had high quality evidence, 30 (56 %) had
moderate quality, 12 (22%) had low quality and six (11%)
had very low quality evidence (Supplement 6, available as
Supplementary data at IJE online). Of studies with high
quality evidence, five used cluster-randomized****=! de-
signs and one used a household secondary attack rate study
design.’> The proportion of studies with low or very low
quality evidence was similar in studies that incorporated
spillover measurement into the original design (35%) com-
pared with those which did not pre-specify spillover esti-
mation (36%). All high quality studies were peer-
reviewed.

Spillover mechanisms

We identified three primary types of spillover mechanisms
in included studies.

i. Reduced disease transmission (7z=28 studies): inter-
ventions may decrease the infectiousness of an inter-
vention recipient, and in turn, the risk that non-
recipients become ill may decrease.

ii. Social proximity (7=20): interventions may create
spillovers when individuals change their behaviour as
a result of intervention and in turn influence the behav-
iour of non-recipients with whom they are in social
proximity. Family members, neighbours, classmates or
even residents of the same village or city could be con-
sidered socially proximate with varying degrees of
closeness.

iii. Substitution (z=3): when one household member re-
ceives additional resources as a result of intervention,
spillovers may occur to other household members be-
cause additional resources are available to the house-
hold. For example, if one child receives free meals at
school, more food may be available for siblings to eat
at home.

Results by spillover mechanism

In this section, we summarize studies by spillover mechan-
isms because they influence spillover magnitude, scale of
spillovers, and appropriate study designs for detecting
spillovers. Within each mechanism we summarize studies
by intervention type. Within each of these categories, we
describe results by intervention types. We excluded very
low quality studies (7 = 6) from this summary.

Spillovers through reduced disease transmission

Studies of spillovers through reduced disease transmission

included studies of vaccines (z=21), mass drug

administration to control infectious disease (7=6), im-
proved water and sanitation (7 = 3) and insecticide treated
nets (n=1) (Tables 1-2; Supplement 7 Table 1, available
as Supplementary data at IJE online). These studies eval-
uated spillovers through two approaches: analyses with
group-level data (i.e. ecological analyses) and with
individual-level data.

Eleven of the 13 studies that evaluated spillovers using
group-level data found that the risk of illness declined as
treatment coverage increased, suggesting that spillovers
were present. Six studies evaluated spillovers of the cholera
vaccine and found that cholera risk decreased among un-
vaccinated individuals as vaccine coverage increased
(Supplement 7 Table 1 and Figure 2 Panel A).3%~2#453-60
No such pattern was evident among vaccinated individ-
uals, suggesting that spillover effects did not yield add-
itional protection beyond that conferred by the vaccine
itself (Supplement 7 Figure 2 Panel B).>”*%*35* Five of
these studies re-analysed data from the same trial, so their
findings cannot be considered independent.**~** There are
two significant limitations to this type of analysis in assess-
ing spillovers. First, in observational studies or randomized
trials without perfect compliance, this type of ecological
comparison is likely to be confounded by factors associ-
ated with both treatment compliance and the outcome. For
example, vaccination coverage may have been higher in
high-income areas with better access to care, which may
have partially explained lower illness levels in these areas.
Second, spillover findings are likely to be highly sensitive
to the definition of the area in which treatment coverage
and outcomes were measured; groups of different sizes or
composition may have produced different results.®' Thus,
overall, we consider these findings to be of lower quality
than findings from studies analysing individual-level data.

Seventeen studies evaluated spillovers through reduced
disease transmission using individual-level data (Tables 1-
2). We separated these studies into two categories: those
that measured spillovers within clusters (e.g. households,
villages), and those that measured spillovers as a function
of distance from treated individuals. Among the studies
measuring spillovers in clusters, we expected that spillovers
would be larger in smaller-sized clusters (e.g. households)
because reductions in disease transmission are most likely
to impact on individuals in close proximity. In general, we
did not find this to be the case. Two out of four studies of
spillovers in households found relatively large spillover ef-
fects;>>%% both studies estimated the reduction in risk asso-
ciated with living in households with individuals diagnosed
with pertussis who were vaccinated versus unvaccinated
for pertussis (the vaccine efficacy for infectiousness); the
study in Senegal estimated an 85% [95% confidence inter-
val (CI) 46%, 95%] risk reduction,’” and the study in
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Table 1. Continued

Estimate (95 % CI)

Outcome / subgroup /

Cluster size and treatment

Parameter type (in bold) and parameter description Intervention

Reference / country /

time point

coverageb

quality of evidence®

QOdds ratio:

Trachoma

Size: village

Mass azithromycin

Cluster-level spillover effect

Chidambaram et al.,

2.9(1.1,7.5)

Coverage: 91%

distribution

Investigators compared the odds of trachoma among

2004
Country: Ethiopia

ineligible individuals in programme areas with the

odds in control areas.

Quality: low

Pneumococcal carriage Hazard ratio:

Size: village (80-660

Pneumococcal con-

Cluster-level spillover effect among ineligibles

Egere et al., 2012

0.39 (0.26, 0.58).

inhabitants-
Coverage: 100%

jugate vaccine

Investigators compared pneumococcal carriage

Country: The Gambia

Quality: high

among infants too young to be vaccinated in fully

vs partially vaccinated villages.

*The quality of evidence reported here applies to each study as a whole even if multiple types of spillovers were estimated.

We estimated approximate cluster-treatment coverage using available information in each paper.

“The manuscript labels this parameter vaccine efficacy against transmission; however, we refer to it as vaccine efficacy for infectiousness based on the definition in Halloran E, Longini IM Jr, Struchiner CJ. Design and

Analysis of Vaccine Studies. New York, NY: Springer, 2010.

9We used estimates from the replication study published in Aiken AM, Davey C, Hargreaves JR, Hayes R]. Re-analysis of health and educational impacts of a school-based deworming programme in western Kenya: a pure

replication. Int | Epidemiol 2015;44:1572-80.

“Confidence intervals present a best-case scenario as they are not necessarily adjusted for clustering.

Brazil estimated a 61.6% (95% CI 12.8%, 83.1%) risk re-
duction.® Three of the eight studies measuring spillovers
in larger clusters (e.g. schools, villages) found evidence of
large spillovers.’'"*>** We expected that spillovers would
be larger at higher levels of treatment coverage, and we
found this to be true in the relevant studies: of the four
studies with cluster-level treatment coverage under 50%,
two found no spillover effects.’>®> Of those with treat-
ment coverage over 50%, all found evidence of spillovers,
and in four studies, spillover effects were relatively
large.”'~%%3:¢* Among studies that measured spillovers as
a function of distance from treated individuals, the magni-
tude of spillovers was smaller than in studies evaluating
spillovers within clusters. However, this finding may be ex-
plained by intervention type—none of these studies eval-
uated vaccines. Spillovers decayed with distance from

treated individuals in two studies.?*8

Spillovers through social proximity

Seventeen studies evaluated spillovers through social prox-
imity (Table 3). One found evidence of negative spill-

66-73 and

overs,*® eight found no evidence of spillovers
eight found evidence of spillovers for some but not all out-
comes or conditions reported.>¥7-383%74=77 These studies
measured spillovers through four mechanisms among un-
treated individuals who were: (i) in areas where cash trans-
fers were offered; (ii) in or near areas where subsidies or
microloans were offered to promote certain health prod-
ucts or behaviours (e.g. subsidies for vaccines); (iii) socially
connected to treated individuals; or (iv) in the same schools
or areas as treated individuals, regardless of social links.
We hypothesized that spillovers would be stronger for
interventions involving incentives or cash transfers than for
those that did not because intervention uptake might be
higher and the intervention might receive more attention
from untreated individuals than interventions with no
transfers or incentives. We also hypothesized that studies
considering spillovers through social proximity might be
more likely to detect spillovers if they considered social
connections between treated and untreated individuals.
However, we found neither of these to be true among the
studies in this review. Three of the studies measuring spill-
overs of cash transfers found no evidence of spillovers,®®~¢®
and two found evidence for some but not all outcomes
measured.””** Even among the outcomes for which there
was evidence of spillovers, the effect sizes were small. Two
of four studies evaluating spillovers of subsidies or micro-
loans for health products found evidence of spill-
overs.?*%6%77 Eor example, in a study of incentives for
immunization, Banerjee et al. estimated both total and
spillover effects. The relative risk for the total effect on
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complete child immunization was 6.66 (95% CI 4.53,
8.80); for the spillover effect the relative risk was 3.47
(95% CI 2.18, 4.77).°° Two of the three studies that meas-
ured spillovers through social links to treatment recipients

7971 and one found evi-

found no evidence of spillovers,
dence of negative spillovers.*® Of the five studies measur-
ing spillovers among untreated individuals in the same
schools, villages or areas as treated individuals, one found
evidence of spillovers,”® two found evidence for some but

not all outcomes’*”®

and two found no evidence of spill-
overs.”>”3 Because the number of studies measuring spill-
overs through social proximity is relatively small and the
types of interventions and outcomes measured varied

widely, it is likely that the patterns we observed in this

review do not necessarily generalize to the same interven-
tions implemented in other contexts.

As for studies of spillovers through disease transmis-
sion, we also assessed whether spillover presence and effect
sizes were associated with the size of the area in which
spillovers were measured (e.g. household versus city). We
did not find evidence of any patterns associated with area

size.

Spillovers through substitution

Four studies measured spillovers through substitution
(Table 4).>%78780 Three studies measured whether siblings

of children participating in school nutrition programmes

Table 4. Spillover estimates from studies that estimated spillovers through substitution

Reference / country /  Parameter type (in bold) and parameter

Intervention

Outcome Mean difference

quality of evidence® description (95% CI)

Fitzsimons et al., Cluster-level spillover effect among Information on Height-for-age —2.66 (—0.540,0.008)
2012 ineligibles infant nutrition ~ Weight-for-age —0.142 (—0.456,0.172)
Country: Malawi Investigators measured several outcomes and health Weight-for-height —0.038 (—0.332,0.256)
Quality: moderate among older children who were not tar- Diarrhoea 0.004 (—0.055, 0.063)
geted by the programme who lived in the Vomiting —0.042 (—0.134, 0.050)
same households as program Fast breathing —0.008 (—0.110, 0.094)
beneficiaries. Fever —0.018 (—0.130, 0.094)
Chills —0.033 (—0.170, 0.104)
Kazianga et al., 2014  Cluster-level spillover effect among School feeding Weight-for-age 0.031 (—0.230,0.292)
Country: Burkina ineligibles programme Height-for-age 0.094 (—0.218, 0.406)

Faso This study estimated the mean difference in Take-home rations ~ Weight-for-age 0.445 (0.159,0.731)

(

Quality: moderate the difference (DID) in weight-for-age and
height-for-age z-scores between baseline
and follow-up. They estimated spillovers
among pre-school-aged children who lived
in households where school-aged children
received a school feeding programme or a
take-home rations programme compared
with those where school-aged children
received neither.

Zivin et al., 2009

Country: Kenya

Cluster-level spillover effect
Investigators compared weight-for-height z-
Quality: moderate scores of children whose parents were
HIV-positive and had received more than
100 days of antiretroviral therapy, with
those whose parents had received fewer
than 100 days of therapy.
Buttenheim et al., Cluster-level spillover effect among

2011 ineligibles
Country: Laos Investigators compared outcomes of
Quality: low younger and older siblings of children
participating in a school feeding and take-
home rations programme with those in a

control group.

HIV/AIDS

School feeding and  Child growth and

Height-for-age 0.079 (—-0.262, 0.420)

Weight-for-height 0.374 (-1.163,1.911)

treatment

The authors report that

take home anaemia they found evidence of
rations spillovers, but they did
programme not present disaggregated

spillover results.

?The quality of evidence reported here applies to each study as a whole even if multiple types of spillovers were estimated.



1268

International Journal of Epidemiology, 2017, Vol. 46, No. 4

or whose mothers participated in nutrition education pro-
grammes experienced improved growth as a result. None
of these studies found evidence of spillovers.

Results pooled across intervention

Because studies estimated a wide variety of types of spill-
overs, results from many studies were not directly compar-
able. However, a sufficient number of studies estimated
within-cluster spillovers to allow for comparison of results
across interventions. This type of spillover compares out-
comes among untreated individuals in clusters with differ-
ent proportions of treatment; most commonly, the effect
compares untreated individuals in clusters in which some
proportion of the cluster receives treatment with those in
which no one receives treatment. The three interventions
for which investigators reported positive spillover esti-
mates were mass administration of azithromycin to control
trachoma (35% decrease in trachoma),*” the typhoid vac-

81 and the pneumo-

cine in India (44% decrease in typhoid)
coccal conjugate vaccine (70% decrease in vaccine-type
pneumococcus) (Figure 1).°" These spillovers were meas-
ured in studies with moderate and high quality. The re-
maining studies could not distinguish spillover estimates
from the null. Within-cluster spillovers were stronger in
studies in which the proportion of individuals treated
within clusters was higher (Figure 2). The largest spillovers
were present for a study evaluating spillovers of the
pneumococcal vaccine by comparing outcomes in villages
where 100% of individuals were vaccinated, with those in
which only infants were vaccinated.”’ Both studies with
average cluster-level treatment coverage below 40% did

Risk of bias across studies

The funnel plots for total and direct effects suggest
that publication bias was not present (Supplement 7
Figure 3). The funnel plot for spillover effects estimated
with risk differences was balanced around 0, indicating
minimal publication bias (Figure 3). For spillovers esti-
mated with risk ratios, the plot was asymmetrical, with
few studies producing estimates of negative spillover ef-
fects at any level of precision, indicating strong publi-
cation bias. Risk ratios were more common in public
health studies of interventions that were unlikely to re-
sult in negative spillovers (e.g. vaccines). Conversely,
risk differences were more common in economics stud-
ies of interventions for which the expected direction of
spillover effects is less clear.

Additional analysis

We identified 15 terms commonly used to describe the con-
cept of spillovers (Table 5). The most common terms were
‘indirect effect’ and ‘spillover’, followed by ‘externality/
externalities’. ‘Indirect protection’ and ‘herd protection’

were other common terms.

Discussion

Summary of evidence

To our knowledge, this is the first systematic review of
health-related spillovers of interventions in low- and
middle-income countries. Evidence of spillovers was stron-
gest for spillovers through reduced disease transmission,

. . . 53 65 . . .
not find evidence of spillovers.”” and in particular for vaccines and mass drug

Fitzsimons et al, 2012  Information on infant nutrition and health Vomiting - A :

1
Fitzsimons et al, 2012  Information on infant nutrition and health Chills - A 1

1
Khan et al, 2012 Typhoid vaccine Typhoid Fever - AL

yp yp i Parameter

Fitzsimons et al, 2012  Information on infant nutrition and health Fast breathing - A : — |Within—cluster spillover
Fitzsimons et al, 2012  Information on infant nutrition and health Fever < A: _ _ Within—cluster spillover

| among ineligibles
Ali et al, 2013 Cholera vaccine Cholera E A

1 _— -
Singh (year not listed) Nutrition education Child growth - :A Statistically significant

® Yes
Fitzsimons et al, 2012  Information on infant nutrition and health Diarrhea 9 :A AN
o

House et al, 2009 Mass azithromycin distribution Trachoma 1 | —e——
Sur et al, 2009 Typhoid vaccine Typhoid fever :»—Q—c

1
Egere et al, 2012 Pneumococcal conjugate vaccine Vaccine-Type 1 = o

pneumoccocus T | T
-1 -50 0 50
Poorer Improved

health

Spillover estimate (1-RR)*100% health

Figure 1. Cluster-level spillover effects. On the x-axis, the cluster-level spillover effect is shown as the % change in outcome among the untreated in
the treated cluster from the mean in the control group [i.e., (1-RR) x 100%, where RR is the relative risk]. Outcomes were recoded so that a greater
value of the spillover effect indicates an improvement in health (e.g., higher vaccination coverage, lower mortality) and a smaller value indicates

poorer health (e.g., lower vaccination coverage, higher mortality). This figure excludes studies of low or very low quality and studies that did not
report information that allowed for standardization. Statistical significance was determined based on the measures presented in the paper for the
parameter on its original scale. (a) Information required to convert standard errors for risk differences to standard errors for (1-RR) x 100% was not
reported, thus 95% confidence intervals are not presented. (b) These studies were conducted in the same country (India) and are subject to

dependence.
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Figure 2. Cluster-level spillover effects by treatment coverage level. This figure plots cluster-level spillover estimates by the level of treatment cover-
age within treated clusters. We estimated treatment coverage using information available in each paper. On the y-axis, the cluster-level spillover
effect is shown as the % change in outcome among the untreated in the treated cluster from the mean in the control group [i.e., (1-RR) x 100%, where
RR is the relative risk]. Outcomes were recoded so that a greater value of the spillover effect indicates an improvement in health (e.g., higher vaccina-
tion coverage, lower mortality) and a smaller value indicates worse health (e.g., lower vaccination coverage, higher mortality). This figure excludes
studies of low or very low quality and studies that did not report information that allowed for standardization. (a) These studies were conducted in
the same country (India) and are subject to dependence. (b) Information required to convert standard errors for risk differences to standard errors for
(1-RR) x 100% was not reported, thus 95% confidence intervals are not presented.
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Figure 3. Funnel plots for spillover effects. Panel A: This plot includes spillover estimates from 19 studies that reported risk differences for binary out-
comes, of which all but one were from studies in the economics literature. These studies evaluated a wide range of interventions including women'’s
empowerment programs, mass drug administration for infectious disease control, peer group interventions, and nutrition programs. Panel B: This
plot includes spillover estimates from 14 studies that reported risk ratios or protective efficacy ((1-RR) x 100%) for binary outcomes, all of which were
from studies in the public health literature. These studies evaluated vaccines and mass drug administration for infectious disease control.

administration for infectious disease control. There was
also strong evidence of spillovers for insecticide-treated net
use on health outcomes, but only one study evaluated this
association. In studies of spillovers through social proxim-
ity, there was weak evidence of spillovers in most studies
with a few exceptions: for example, there was evidence
that an immunization campaign with incentives increased

immunization coverage among non-participants in nearby

villages. There was no evidence of spillovers through sub-
stitution effects in the three relevant studies.

There are several reasons why we believe we found the
strongest evidence for spillovers through reduced disease
transmission. First, spillovers through reduced disease trans-
mission are mostly a function of physical proximity.
Infectious disease theory suggests that spillovers occur
through reduced disease transmission when susceptible and
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Table 5. Search terms related to spillover effects in included
texts by academic field®

Economics Geography Public health Total

Indirect effect** 12 2 13 27
Spillover*?* 23 0 1 24
Externalit*® 19 0 0 19
Seconda*? 3 3 10 16
Indirect protection 0 4 11 15
Herd protect*® 0 2 12 14
Diffusion 7 1 3 11
Herd immunity 1 4 N 10
Herd effect*® 0 0 10 10
Peer effect*? 9 0 0 9
Unexpected 2 0 3 5
Interference 2 0 2 4
Indirect protective 0 0 4 4
Contagion 3 0 0 3
Unexpected benefit** 0 0 1 1

?Asterisks at the end of search terms indicate wild-card characters allowed
at the end of the search term. For example, ‘externalit*> would retrieve search
results for ‘externality” and ‘externalities’.

>Counts allow for multiple terms per included text.

infected individuals come into contact;®* such contact can
modify disease transmission across different populations
and pathogens. Indeed, we found evidence of spillovers
through reduced disease transmission across interventions,
outcomes and populations. On the other hand, spillovers
through social proximity may be a function of physical
proximity as well as social dynamics that are highly depend-
ent on culture and context, and these factors may vary by
population, intervention and health outcome. The relative
complexity of spillovers through social proximity may make
spillovers less likely to occur through this mechanism than
through reduced disease transmission. Similarly, for spill-
overs through substitution, although an intervention may
free up a fixed amount of resources in a household, whether
those resources support the health of non-intervention re-
cipients may depend on complex factors, such as education
level and culture, which vary across populations.

Second, study designs may have been more appropriate
for detecting spillovers through reduced disease transmis-
sion than through social proximity or substitution. A rich
literature has refined study designs to estimate spillovers of

45,7,13,15.82-86 these methods can easily be ex-

vaccines;
tended to studies of other interventions that produce spill-
overs through reduced disease transmission. For spillovers
through social proximity or substitution, there is no
equivalent methodological literature focused on empirical
measurement. As a result, in this review, study designs for
detecting spillovers through these mechanisms may have
been suboptimal or biased. Indeed, the proportion of stud-

ies that we classified as moderate, low, or very low quality

was greater among studies measuring spillovers through
social proximity or substitution than among studies of
spillovers through reduced disease transmission.

Finally, it is also possible that rigorous studies to measure
spillovers through social proximity or substitution simply
have not been conducted yet or were missed in our search.
There were five high quality studies of spillovers through
reduced disease transmission compared with only one for
spillovers through social proximity and none for substitu-
tion. Thus, our findings do not necessarily reflect a lack of
spillovers of any particular intervention. Rather, with the ex-
ception of vaccines and mass drug administration to control
infectious disease, our findings show little evidence for
health-related spillovers from currently published interven-
tion studies conducted in low- and middle-income countries.

Quality of evidence

Most studies reported moderate or low quality evidence of
spillovers, and there were two overarching sources of bias.
First, many study designs did not adequately minimize un-
measured confounding of spillover estimates. Only two
out of the 23 studies estimating within-cluster spillover ef-

6770 \which allow for

fects used double-randomized designs
the strongest inference for this type of spillover by mini-
mizing selection bias and unmeasured confounding. In the
21 other such studies, untreated individuals in treated clus-
ters may have been systematically different from individ-
uals in control clusters, possibly because they were not
eligible to receive the intervention or chose not to receive
the intervention. Such systematic differences between the
populations used to measure total effects versus spillover
effects could result in biased spillover estimates relative to
the estimates that would be obtained in a double-
randomized design, in which measured and unmeasured
confounders are balanced across both populations.

Second, in 33 out of 54 studies, spillover measurement
was not pre-specified, which may have increased the
chance that a study’s results were biased. We found evi-
dence of publication bias for spillover estimates reported
as risk ratios but not for total or direct effects. Pre-
specification helps prevent publication bias. Without pre-
specification, spillover parameters may be defined in a way
that increases the chance of detecting positive spillovers,
whether intentionally or not. For example, studies estimat-
ing spillovers conditional on treatment density within fixed
areas may define areas in a way that increases the magni-
tude of spillover effects. In addition, when spillover meas-
urement is not pre-specified, investigators may fail to
measure spillovers altogether or they may be less likely to
report null spillover findings.
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Table 6. Reporting checklist for studies estimating spillovers

Section/topic No. Checklist item

Title and abstract

Title and abstract 1 If spillovers were measured as a primary outcome of a study, mention them in the title and/or ab-
stract. Use the term ‘spillovers’ or ‘indirect effects’ to refer to spillovers

Introduction

Background 2 Use the term ‘spillovers’ or ‘indirect effects’ to refer to spillovers

Methods

Study design 3 Indicate whether spillover estimation was pre-specified

4 Describe whether buffers existed between treatment and control units, whether in physical or so-
cial distance

5 If treatment or outcome density was measured within areas, describe the rationale for and method
of defining these areas

6 Describe the scale on which spillovers are expected (e.g. household, village etc.)

7 For study designs used to estimate spillovers other than the double-randomized or the cluster-
randomized design, provide a clear description of the assumptions required to estimate valid
statistical parameters if SUTVA is violated

Participants 8 Provide a clear description of treatment eligibility criteria
9 State whether individuals enrolled to measure spillovers were eligible for the treatment or not
Interventions 10 Provide a clear description of how treatment was allocated to groups and individuals

11 Describe whether untreated individuals in treated areas were randomly assigned to not receive
treatment, if they opted out of treatment, if they were ineligible for treatment or if there were
other reasons they were not treated

12 State whether the level of treatment allocation was chosen in order to measure spillovers

13 Describe the mechanism of spillovers hypothesized and assessed for each treatment

14 Describe whether a buffer zone was created between treatment and control units

Outcomes 15 If outcomes measured to estimate direct, total or overall effects differed from outcomes measured
to estimate spillover effects, provide a rationale for the difference

Study size 16 Describe any calculations conducted to determine the sample size needed to estimate spillover par-
ameters. If none, state that none were conducted

Statistical methods 17 Define the specific spillover parameter(s) estimated for each intervention

18 Describe the statistical analysis methods used to estimate spillover effects

19 Indicate whether spillovers were estimated among individuals allocated to not receive treatment vs
those that chose not to take treatment (i.e. indicate whether the spillover analysis was intention-
to-treat)

Results
Participant flow 20 If using a clustered design to measure spillovers, provide the number of clusters allocated to treat-
ment and control that were included in the assessment of spillovers

21 If using a clustered design to measure spillovers, provide the number of individuals that received
and did not receive treatment within treatment and control clusters

22 If using a clustered design to measure spillovers conditional on eligibility status, provide the num-
ber of individuals eligible to receive treatment in treated clusters and the total number of indi-
viduals in treated clusters

23 If using a clustered design to measure spillovers, provide the number of individuals allocated to
treatment within treatment clusters, allocated to not receive treatment within treated clusters,
and allocated to control clusters

24 If using a clustered design to measure spillovers, provide information about the proportion of indi-
viduals receiving treatment within each cluster

25 If measurement occurred in buffer zones between treatment and control clusters, provide the num-
ber of individuals who did and did not receive treatment in buffer zones

26 Describe whether loss to follow-up rates were similar among individuals measured for spillover vs
direct/total/overall effects and whether the characteristics of those lost to follow-up for spillover
measurement differed from those who were not lost to follow-up

Recruitment 27 If dates of data collection for spillover measures differed from dates for direct, total or overall ef-

fect measures, explain the discrepancy

(continued)
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Table 6. Continued

Section/topic No. Checklist item
Main results 28 Clearly label which results estimate each spillover parameter
29 If multiple spillover mechanisms were hypothesized, label results according to the hypothesized
spillover mechanism
30 Present direct, total, overall and spillover effects in the same population subgroups to allow for as-
sessment of the proportion of the total and overall effects attributable to spillovers
31 Report whether there was any evidence that untreated individuals in the treatment or control
group were exposed to treatment (e.g. if untreated individuals had heard of the intervention or
knew individuals who received it)
32 Describe any evidence of contamination of the control group
Discussion
Summary of 33 Present theory or evidence supporting the proposed mechanism of spillover.
findings

/ key results

Limitations 34 Discuss any potential biases that may be present for spillover parameters Discuss whether these
biases may also be present for direct or total effect parameters. This includes contamination of
the control group

35 Articulate whether any analyses conducted to estimate spillovers were not pre-specified

Generalizability 36 Comment on external validity of findings and whether any methods used to estimate spillover ef-

tects may have compromised external validity (e.g. matching of untreated in the treatment

group to untreated in the control group)

SUTVA, stable unit treatment value assignment.

Finally, because spillover effects are likely to be smaller
than treatment effects in most cases, studies that do not
pre-specify spillover measurement and incorporate them
into sample size calculations may be underpowered to de-
tect spillovers. Because spillovers tend to have smaller ef-
fect sizes relative to total or overall effects, typically
larger sample sizes are required to detect them. As a result,
they are more subject to selective reporting than direct
effects.

The overall quality of evidence was lower for economics
studies than public health studies. Most public health stud-
ies evaluated spillovers of vaccines, whereas many eco-
nomics  studies measured spillovers of complex
interventions such as conditional cash transfer pro-
grammes. Our finding that studies of more complex inter-
ventions typically had lower quality ratings is consistent
with other studies.®”"*® There are several reasons for this
pattern. First, complex, realistic interventions often cannot
feasibly or ethically be randomized. As a result, many ob-
servational studies, some which employed innovative
methods for measuring spillover effects in realistic settings,
received lower quality ratings in our adapted GRADE
framework.?” Second, evaluations of complex interven-
tions often cannot blind participants and/or investigators,
resulting in lower quality ratings. Third, many public
health studies measured spillovers of outcomes directly tar-
geted by an intervention (e.g. the impact of the cholera vac-
cine on cholera risk). Studies that measured outcomes

indirectly affected by the intervention (e.g. the impact of

childhood deworming on later miscarriage*’) were more
common in economics and received a lower quality rating
due to concerns about indirectness of evidence.” Finally,
economics and other social science studies have different
reporting norms compared with public health studies and
do not always report information required to receive a
high quality rating, such as whether randomized treatment
allocation was concealed.

Reporting recommendations

We found a wide range of terminology used to describe
spillovers, a lack of standardization among spillover meth-
ods, and poor reporting of spillovers in many studies. Very
few studies clearly defined the specific spillover effect esti-
mated, and in many studies insufficient information was
available to compare spillover effects with direct effects or
with spillover effects in other studies. More standardized,
systematic reporting across disciplines, particularly in the
social sciences, would increase comparability across stud-
ies and allow for more careful assessment of risk of bias in
studies.”! To facilitate such standardization, we propose a
checklist specific to reporting of spillover effects, adapted
from the CONSORT and STROBE frameworks’>”?
(Table 6). This checklist is focused only on reporting spill-
over effects and is meant to complement the CONSORT?*
and STROBE’ checklists. We provide an explanation and
examples for each item in the checklist in Supplement 9,
available as Supplementary data at IJE online. By including
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items in the checklist that apply to both randomized and
observational studies, our objective is to foster more con-
sistent reporting of spillovers across academic disciplines
in future studies.

Limitations

Our search and review process was subject to several limita-
tions. Although we made every effort to conduct a compre-
hensive search, since the concept of spillovers is poorly
indexed, it is possible that we missed relevant articles.
Greater consistency in the use of terms that describe spill-
overs would improve future efforts to identify relevant
papers by searching electronic databases. We excluded stud-
ies from high-income countries from this review since our
focus was on interventions relevant to populations in low-
and middle-income countries. This focus was a requirement
of our funder. However, there are relevant papers measuring
health spillovers from high-income countries, many of which
evaluate vaccines.”™” Some relevant papers which may
have been eligible came to our attention after we completed
our search process, so we did not include them.”®'! In add-
ition, some of the databases we searched (e.g. Google
Scholar) do not allow for repeatable searches, so our com-
plete search results cannot be fully replicated. During the re-
view process, some titles and abstracts could only be
reviewed by one team member, and duplicate risk of bias as-
sessment was only possible in a subset of studies. It is pos-
sible that there was misclassification that would have been
prevented by complete duplicate review.

Our synthesis of results was also subject to several limi-
tations. The information needed to convert standard errors
from the additive to the relative scale was not available in
the included studies, so our comparison of estimates across
studies did not take precision into account. Since there
were very few studies measuring spillovers of the same
intervention, our ability to summarize results by interven-
tion type was limited. For papers on vaccines and mass
drug administration for infectious disease control, results
from studies included in the review may have been depend-
ent because many studies re-analysed data from the same
study populations or from the same country. Evidence of
spillovers for these interventions in other populations
would strengthen the generalizability of these findings.

Conclusions

This review of spillover effects on health outcomes in low-
and middle-income countries found a wide range of termin-
ology used to describe spillovers, a lack of standardization
among spillover methods and poor reporting of spillovers in

many studies. The strongest evidence for spillover effects was
found in studies evaluating vaccines and mass drug adminis-
tration to control infectious disease. There was little evidence
available for other types of interventions, and the quality of
evidence was moderate or poor in most studies. Future stud-
ies would benefit from incorporation of spillover measure-
ment in the design phase and standardized reporting of
spillover estimation methods and spillover findings.

Supplementary Data

Supplementary data are available at IJE online.
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