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Objectives: Using 542,159 vaccination records from children born between April 1, 2007, and

March 31, 2012, in the Michigan Care Improvement Registry and data from the American

Community Survey, we determine if neighbourhood-level characteristics at the Census

tract level and block level are associated with low uptake of the fourth dose of diphtheria

etetanuseacellular pertussis vaccine (DTaP4).

Study design: This study was a cross-sectional study.

Methods: We used exploratory factor analysis to determine important socio-economic

factors at the Census block level and tract level. We then used generalised estimating

equations to test the relationship between block- and tract-level socio-economic factors

and DTaP4 uptake.

Results: DTaP4 coverage was 88.6% (95% confidence interval [CI]: 88.4%e88.7%) in Michigan.

At the Census tract level, two factors surfaced as important for DTaP4 vaccination:

‘affluence’ (Cronbach's alpha ¼ 0.88) and ‘socio-economic disadvantage’ (Cronbach's

alpha ¼ 0.89). At the Census block level, one factor was important: ‘affluence’ (Cronbach's

alpha ¼ 0.90). Affluence may relate to knowledge about medical exemptions and anti-

vaccination sentiment, while socio-economic disadvantage may indicate limited access to

healthcare resources. Children in high-affluence tracts had 1.08% lower vaccination

coverage (95% CI: �1.62% to �0.55%) than children in low affluence tracts. Children in low

socio-economic disadvantage tracts had 2.92% higher coverage than children in high socio-

economic disadvantage tracts (95% CI: 2.58%e3.26%).

Conclusions: This study articulates the need to further understand the contribution of

neighbourhood-level characteristics, from both affluent and socioeconomically
330.
.T. Hegde), awag@umich.edu (A.L. Wagner), pjclarke@umich.edu (P.J. Clarke), PotterR1@
igan.gov (R.G. Swanson), mboulton@umich.edu (M.L. Boulton).

ic Health. Published by Elsevier Ltd. All rights reserved.

mailto:hegdes@umich.edu
mailto:awag@umich.edu
mailto:pjclarke@umich.edu
mailto:PotterR1@michigan.gov
mailto:PotterR1@michigan.gov
mailto:SwansonR@michigan.gov
mailto:mboulton@umich.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2018.11.009&domain=pdf
www.sciencedirect.com/science/journal/00333506
www.elsevier.com/puhe
https://doi.org/10.1016/j.puhe.2018.11.009
https://doi.org/10.1016/j.puhe.2018.11.009
https://doi.org/10.1016/j.puhe.2018.11.009


p u b l i c h e a l t h 1 6 7 ( 2 0 1 9 ) 4 1e4 942
disadvantaged areas to low vaccination rates. Developing a better understanding of these

social environmental factors will help determine useful community-level interventions to

improve vaccination rates and reduce disease burden.

© 2018 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction

Although the U.S. vaccination program has successfully

decreased incidence of a number of infectious diseases,1 the

number of reported pertussis cases has steadily risen since

the 1980s.2e4 By 2012, the U.S. reported its highest number of

pertussis cases since 1955.3 In 2014, 19 states, including

Michigan, experienced an increase in the number of pertussis

cases from the year prior,4 likely attributable to an imperfect

pertussis vaccine5 and low vaccination coverage.6 Low

coverage could result from barriers to accessing vaccination

services or from parents choosing not to vaccinate either due

to personal preferences or contraindications (e.g., severe

allergic reaction following prior dose).7 Although pertussis

vaccination is mandatory for grade school entry in Michigan,

4.2% of kindergarteners in 2017 hadwaived one or more of the

mandated vaccines, and, of thosewith awaiver, only 5.0% had

a medical waiver.8 Compared to other states, Michigan has a

relatively high proportion of children with non-medical vac-

cine exemptions,9 and it allows for medical, religious or

philosophical exemptions.10

Within Michigan, immunisation coverage varies region-

ally, and some of the lowest immunisation levels are found in

Detroit. Data from the Michigan Care Improvement Registry

(MCIR), the state's immunisation information system (IIS),

show that in June 2018, only 60.6% of children aged 19e35

months in Detroit had completed the 4:3:1:3:3:1:4 series of

diphtheriaetetanuseacellular pertussis (DTaP), polio, mea-

slesemumpserubella, Haemophilus-influenzae type b, hepatitis

B, varicella and pneumococcal conjugate vaccines compared

with 74.2% in the entire state.11,12 Furthermore, the coverage

of fourth dose DTaP (DTaP4) in Michigan is relatively low

compared to other vaccinations in the state.13 The paediatric

DTaP schedule includes three vaccines in a primary series at 2,

4 and 6 months. The fourth dose can be given as early as 12

months but typically is administered between 15 and 18

months.14

A limited number of previous studies have found links

between vaccination and various community characteristics,

such as education level,15 economic status,16 political prefer-

ences,17 and demographic composition.18 Additionally,

although research in social epidemiology has focused on

psychosocial risk factors as upstream contributors to poor

health outcomes,19,20 including social support, chronic stress

and neighbourhood decline,21 it has seldom considered both

socio-economic disadvantage and affluence simultaneously

(Table 1),22 particularly for infectious diseases.23,24 Within

Detroit, investigators have shown geographic and racial

patterning of breast cancer25 and infant mortality,26 but not

the impact of neighbourhood-level socio-economic
characteristics on vaccination levels.27 Michigan encom-

passes diverse racial and socio-economic environments, with

highly segregated and densely populated urban centres,

wealthy suburbs and vast expanses of rural areas, thus

serving as a critical location to study the relationship between

neighbourhood characteristics and vaccination uptake. In this

study, we sought to determine the relationship between

neighbourhood socio-economic environment and DTaP4

coverage.
Methods

Data sources

In Michigan, vaccine providers have a legal mandate to

report all records of vaccine administration for persons aged

<20 years. Started in 1998, MCIR is an electronic database

that is automatically populated with birth records, unless

the child has been opted-out. If a child receives a vaccine

out of state, providers can input previous vaccination re-

cords into the system. Since 2000, a Web-based portal has

existed to submit such records, allowing MCIR to interface

with electronic health records at various healthcare facil-

ities. We extracted records of children aged 2e7 years at the

time of the creation of the dataset (i.e., born between April 1,

2007, and March 31, 2012) and created a binary indicator of

whether they received a fourth dose of DTaP, regardless of

when it was administered.

Residential addresses from responsible parties in MCIR

were geocoded and matched to Census block and tract

identification codes using SAS (version 9.4, Cary, NC).

Without individual-level information on socio-economic

status, we use Census block data, the smallest tabulation

unit used by the United States Census Bureau, as a proxy for

an individual's household characteristics. We use Census

tract data, a ‘relatively permanent’ area roughly equivalent

to a neighbourhood, as a proxy for an individual's neigh-

bourhood characteristics.28 Socio-economic attributes of

Census blocks and tracts were obtained from 5-year esti-

mates (2008e2012) of the American Community Survey

(ACS). At the block level, we included the following attri-

butes: education level, income category, professional or

management occupation, age, unemployed and child living

with parent. At the tract level, we included the following

attributes: education level, income category, professional or

management occupation, age, unemployed, child living with

parent, on food stamps/Supplementary Nutrition Assistance

Program (SNAP), with no vehicle, living below poverty,

children aged <6 years who are on public insurance and

race.
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Table 1 e Key terms and definitions.

Terms Definitions

Census block The smallest tabulation unit used by the United States Census Bureau as a proxy for an

individual's household characteristics

Census tract A ‘relatively permanent’ area roughly equivalent to a neighbourhood as a proxy for an

individual's neighbourhood characteristics

Socio-economic disadvantage A multidimensional concept encompassing poverty, social class, social marginalization,

negative social segregation and institutional discrimination

Affluence A multidimensional concept referring to high levels of education, income and wealth, along

with a greater concentration of white individuals
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Derived variables

Summary block- and tract-level measures were created using

exploratory factor analysis (EFA), a statistical method used to

identify the underlying relationship between observed vari-

ables through the identification of latent factors. We extracted

factors from the Census indicators with a PROMAX rotation

through an iterated principal factor analysis and by setting the

prior communality estimate for each variable to its squared

multiple correlation with all other variables.29 Separate EFAs

wereconductedat theblockand tract levels.Observedvariables

with factor loadingsabove0.70, anumericvalue that represents

the relationship of each observed variable to a latent factor,

were retained as indicators of the underlying socio-economic

environment. Factor scores, the continuous summary mea-

sure of the underlying socio-economic environment, were

generated for each individual in the dataset. Each factor

generated by an EFA indicates a different underlying or latent

construct of the observed variables. We finally assessed the

internal reliability of the factors with Cronbach's alpha.

Statistical analysis

To test the relationship between block- and tract-level factors

and DTaP4 coverage, we constructed a model using general-

ised estimating equations (GEE) with an exchangeable corre-

lation matrix at the block level and with a binomial

distribution and identity link. The model provided absolute

differences in vaccination uptake and 95% confidence in-

tervals (CI) while controlling for the nested structure of the

data. We first specified a model with the derived socio-

economic environmental factors as main effects and then

tested interactions between the block-level and tract-level

factors in order to examine differences in effects across

levels of spatial scale (i.e., could block-level factors modify

access to health resources in tracts). To facilitate interpreta-

tion of the results, we categorised the socio-economic envi-

ronmental factors (tract affluence and disadvantage) as either

‘low’ or ‘high’ based on �1 and þ1 standard deviations from

the mean factor value, respectively.
Results

A total of 542,159 children aged 2e7 years of agewere included

from the MCIR in the dataset. Some children did not have

addresses on record and could not be geocoded. This was not

differential by vaccine status. In total, 517,639 children
residing in 7249 Census blocks and 2565 Census tracts were

included in the analysis. The overall DTaP4 vaccination rate

among children from 2007 to 2012 inMichiganwas 88.8%,with

the predominance of low vaccination occurring in South-

eastern Michigan (Fig. 1).

The factor analysis yielded evidence of two factors at the

tract level, representing an individual's tract socio-economic

environment: ‘affluence’ (Cronbach's alpha ¼ 0.88) and

‘socio-economic disadvantage’ (Cronbach's alpha ¼ 0.89).

‘Affluence’ was composed of three attributes: proportion of

adults with a college degree (loading of 0.90042), proportion

with an income >$100,000 (loading of 0.83228) and propor-

tion of adults with a professional or management occupa-

tion (loading of 0.80581). ‘Socio-economic disadvantage’

comprised five tract-level attributes: proportion of the pop-

ulation on food stamps/SNAP (loading of 0.90135), propor-

tion with no vehicle (loading of 0.83672), proportion below

poverty (loading of 0.80171), proportion of children aged <6
years on public insurance (loading of 0.72055) and propor-

tion who are not white (loading of 0.67500).

Only one factor was apparent at the block level, repre-

senting the socio-economic environment: ‘affluence’ (Cron-

bach's alpha ¼ 0.90). The ‘affluence’ block factor was

composed of the same items as the equivalent tract-level

factor: proportion of adults with a professional or manage-

ment occupation (loading of 0.89348), proportion with a col-

lege degree (loading of 0.88068) and proportion with an

income >$100,000 (loading of 0.81167). In tracts of high afflu-

ence (tract level), 31.3% of adults have incomes >$100,000,
while 6.6% of adults have incomes >$100,000 in tracts of low

affluence (Table 2). Thirteen percent of the population are

below poverty in neighbourhoods of low socio-economic

disadvantage (tract level), while 40.1% of the population are

below poverty in tracts of high socio-economic disadvantage

(Table 2). Additionally, tracts of high socio-economic disad-

vantage (tract level) had 69.3% of children aged <6 years on

public insurance compared to 19.9% in tracts of low socio-

economic disadvantage (Table 2). In the state of Michigan,

the density of affluent tract environments is greater in the

outskirts of Detroit, while socioeconomically disadvantaged

tracts are more dense within Detroit (Fig. 2).

Results of the GEE models demonstrated that with all

reference groups at 0 (i.e., having average values of block

affluence, tract affluence and tract socio-economic disad-

vantage), coverage of DTaP4 in Michigan is 88.56% (95% CI:

88.43%e88.69%; Model 1, Table 3). Children living in more

affluent blocks have higher uptake of vaccine (0.29% increase

for each unit increase in the block affluence factor score).

https://doi.org/10.1016/j.puhe.2018.11.009
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Fig. 1 e Fourth-dose diphtheriaetetanuseacellular pertussis vaccine coverage by Census tract in Michigan.
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Conversely, children in tracts with higher affluence and

tracts with higher socio-economic disadvantage have lower

uptake of vaccine (0.54% and 1.46% lower, respectively;

Model 1, Table 3).
Table 2 e Economic and demographic characteristics of
Census block- and tract-level factors.

Neighbourhood characteristics (%)

Block level Low block

affluence

High block

affluence

College graduate 2.3 16.2

Greater than $100K income 6.1 32.7

Management position

occupation

16.7 47.7

Tract level Low tract

affluence

High tract

affluence

College graduate 3.0 16.5

Greater than $100K income 6.6 31.3

Management position

occupation

20.9 44.2

Tract level Low tract SES

disadvantage

High tract SES

disadvantage

Food stamps/SNAP 7.5 50.2

Without a car 2.6 13.9

Below poverty 13.0 40.1

Non-white 9.9 44.9

Children aged <6 years on

public insurance

19.9 69.

SES, socio-economic status.

‘Low’ refers to neighbourhoods with factor values�1.5 to�0.5 from

mean; and ‘high’ refers to a factor value 0.5 to 1.5 above the mean.
Model 2 (Table 3) tests the interaction between block

affluence and tract socio-economic environment (both afflu-

ence and socio-economic disadvantage); both interaction

terms were statistically significant. Without accounting for

cross-level interactions, children in high-affluence tracts had

1.08% lower vaccination coverage (95% CI: �1.62% to �0.55%)

than children in low-affluence tracts. In low-affluence tracts,

children living in high-affluence blocks had 0.80% higher

DTaP4 coverage (95% CI: 0.22%e1.37%). However, the protec-

tive effect of living in a high-affluence block is completely

attenuated when the block is situated within a high-affluence

tract (Fig. 3).

Without accounting for cross-level interactions, children

living in less disadvantaged tracts had 2.92% higher coverage

than children in tracts of high socio-economic disadvantage

(95% CI: 2.58%e3.26%). This effect is even more pronounced

for residents of higheaffluent blocks living within low socio-

economically disadvantaged tracts. Conversely, the protective

effect of living in a higheaffluence block is attenuated to non-

significance when it is situated within a highly disadvantaged

tract (Fig. 4).
Discussion

The recent spike in the number of pertussis cases in the

United States has been unprecedented in nearly half a cen-

tury. Using tract as ameasure of neighbourhood and block as a

proxy for the individual, our analysis suggests tract socio-

economic disadvantage and tract affluence are separate so-

cial constructs that adversely affect vaccination uptake of

https://doi.org/10.1016/j.puhe.2018.11.009
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Fig. 2 e Census tract affluence score and socio-economic disadvantage score by Census tract in Michigan.
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DTaP4. Our analysis also suggests that the tract social envi-

ronment modifies individual vaccination behaviour in blocks

of the same affluence. Targeted interventions for both types of

tract populations could prevent childhood disease and in-

crease coverage of DTaP4 and possibly other vaccines. Often

studies only investigate neighbourhood poverty or disadvan-

tage and not affluence as a determinant of health, which

limits inference at the neighbourhood level.22,30 Our analysis

demonstrates these two social constructs are indeed inde-

pendent within the neighbourhood socio-economic environ-

ment and should be considered separately by health

professionals when determining targeted neighbourhood-

level interventions for vaccinations.

Neighbourhood socio-economic disadvantage

Socio-economic disadvantage has been defined as a multidi-

mensional concept encompassing poverty, social class, social
Table 3 e Differences in vaccination uptake by
neighbourhood factors in Michigan, according to a
generalised estimating equations model with a binomial
distribution and identity link.

Risk difference models (%)

Parameter Estimate 95% LL 95% UL P

Model 1 (no interaction term)

Intercept 88.56 88.43 88.69 <0.0001
Block affluence 0.29 0.04 0.54 0.0241

Tract affluence �0.54 �0.81 �0.27 <0.0001
Tract disadvantage �1.46 �1.63 �1.29 <0.0001
Model 2 (interaction term)

Intercept 88.43 88.26 88.60 <0.0001
Block affluence 0.22 �0.03 0.48 0.0836

Tract affluence �0.54 �0.86 �0.23 0.0006

Tract disadvantage �1.74 �1.97 �1.50 <0.0001
Block affluence � tract

affluence

�0.17 �0.29 �0.06 0.0028

Block affluence � tract

disadvantage

�0.55 �0.77 �0.32 <0.0001

LL, lower limit; UL, upper limit.
marginalisation, negative social segregation and institutional

discrimination.31 The disadvantaged are likely faced with a

zero-sum game in daily decision-making; factors such as lack

of sick leave and inflexible work schedule (for those with

employment) or a lack of reliable transport can impact de-

cisions to take a child to clinic to get vaccinated. A caregiver's
decision-making process and trust, in fact, are critical to un-

derstand for the improvement of healthcare-seeking behav-

iour.32 Although the Vaccines for Children program covers the

cost of vaccine for certain groups and Medicaid can reimburse

administration fees, certain disadvantaged groups still face

high barriers in accessing healthcare resources.33,34 As such,

working to help the disadvantaged requires the application of

an equity lens to child health and acknowledging areas of low

public health infrastructure.35 There needs to be a greater

investment in services in such areas. Moreover, the limited

time and access to health care in this population underscores

the need for healthcare providers to assess immunisation

status at every visit and to limit missed opportunities for

vaccination. Although reasons for non-vaccination for the

affluent and socio-economically disadvantaged are quite dis-

similar, communicating positive health behaviour effectively

is critical for both populations. This study outlines that the

health disadvantages of inequality are not confined to the

poor.36,37

Neighbourhood affluence

Although concentrated poverty has been noted to contribute

to health-compromising attitudes and behaviours,38 few

studies have articulated the influence of middle-class or more

affluent residents on compromised community health. One

such study by Browning et al. supports the importance of the

presence of a stabilising affluent class within impoverished

neighbourhoods (such as the Census tracts measured in this

study) and asserts the positive influence affluent persons can

have by improving access to health and economic resources.22

Unlike socio-economic disadvantage, affluence has been

associated with high levels of education, income and wealth,

along with a greater concentration of white individuals. Few

https://doi.org/10.1016/j.puhe.2018.11.009
https://doi.org/10.1016/j.puhe.2018.11.009


Fig. 3 e Fourth-dose diphtheriaetetanuseacellular pertussis vaccine coverage by Census tract affluence. ‘Low’ and ‘high’ are

one standard deviation below and above the mean, respectively.

Fig. 4 e Fourth-dose diphtheriaetetanuseacellular pertussis vaccine coverage by Census tract socio-economic

disadvantage. ‘Low’ and ‘high’ are one standard deviation below and above the mean, respectively.

p u b l i c h e a l t h 1 6 7 ( 2 0 1 9 ) 4 1e4 946
studies have examined the influence of concentrated afflu-

ence on health, and ones that do again suggest the presence of

affluent residents is essential to sustain neighbourhood (tract-

level) social organisation which, in turn, positively affect

health.30,39 Our results, however, show that in the context of

vaccines, having persons of high affluence (with block level as

a proxy) living within highly socioeconomically disadvan-

taged neighbourhoods (tract-level) has no effect on increasing

vaccination rates; there are no positive effects of
neighbourhood heterogeneity. However, when persons of

high affluence (block level as proxy) live within low socio-

economically disadvantaged neighbourhoods (tract level),

there is a significant increase in vaccination rates compared to

low-affluent persons living within low socioeconomically

disadvantaged neighbourhoods. Similarly, for high-affluent

persons living within low-affluent neighbourhoods, there is

a significant increase in vaccination rates compared to amore

homogenous neighbourhood of low-affluent persons living

https://doi.org/10.1016/j.puhe.2018.11.009
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within low-affluent neighbourhoods. This suggests that in

order for a positive health effect to occur, the disparity be-

tween the disadvantaged and affluent should be minimal.

While affluent individuals may have greater access to

health resources (which could lead to greater acceptance of

vaccine but also more knowledge of medical exemptions),

they also are subject to media, peer-to-peer influence and

social stigma,40 which may potentiate anti-vaccine biases.

Parents can opt for personal belief exemptions to mandatory

vaccination policies at schools and perceive they are choosing

a no-harm option for their child.41,42 In affluent neighbour-

hoods specifically, parents are less likely to see the manifes-

tations of disease and therefore less likely to recognise the

consequences of not vaccinating.42 Somewhat paradoxically,

this also can mean that affluent neighbourhoods can be at

higher risk for outbreaks of vaccine-preventable disease; in a

pertussis outbreak in 2010 in Oregon, higher income areas had

higher pertussis rates.43

Limitations

Although this study identifies new findings, there are limi-

tations. By acquiring information from the statewide

immunisation registry, we could obtain detailed vaccination

information from almost every Michigan resident, except for

parents who opted their children out of the system. We did

not have access to individual-level information such as race

or parent education level, which has been linked to child

vaccination status.44 Instead, we used block-level informa-

tion as a proxy for household-level characteristics. Further-

more, we only considered objective neighbourhood

definitions based on Census data and not subjective defini-

tions. Although one study has identified the importance of

subjective definitions,45 most studies that examine the ef-

fects of neighbourhoods on health only consider objective

definitions. Finally, we did not test how the observed effects

of vaccination behaviour may be geographically clustered in

Michigan or change temporally.

Future studies

For future advances of this study, we suspect there will be

more careful theorisation of the causal mechanisms of afflu-

ence and socio-economic disadvantage on health and the ef-

fect of neighbourhood heterogeneity. For intervention work, it

is important for health professionals to consider neighbour-

hoods and associational involvement or social capital as

points of intervention.46 Although much research on social

capital has focused on disadvantaged neighbourhoods, it will

be important to identify how social capital affects vaccine

decision-making amongst affluent versus disadvantaged

neighbourhoods.47 Avenues for investigating vaccine

decision-making should include social constructs broken

down into relevant domains for policy action at the neigh-

bourhood level47 and community development for improving

access to health resources and providing health education.48

Additionally, healthcare providers, a main source of influ-

ence and vaccine recommendation,49,50 should utilise existing

functions within the IIS e such as generating profile reports,

recalls and reminders e to improve vaccine uptake.51
Healthcare providers should spend more time to better un-

derstand patient issues in accessing vaccinations. Of signifi-

cance, engaging in interventions earlier in the vaccination

regimen could reduce delayed vaccination of each subsequent

vaccination; improving timeliness of third-dose DTaP reduces

undervaccination of DTaP4.52

Conclusions

This analysis illustrates geographic areas of affluence and

socio-economic disadvantage in the state of Michigan,

pertinent information for establishing areas to intervene and

for health professionals to access. Further analyses should

consider spatial scan statistics to identify clustered areas

with low immunisation rates that require focused interven-

tion.53 With targeted interventions at the neighbourhood

level, we can reduce the observed disparities between

neighbourhoods in different affluent and socio-economic

gradients. Furthermore, although the neighbourhood

context as described in this article may be unique to the

United States, the implications that socio-economic disparity

influences vaccination coverage differentially extends

beyond borders. Our data suggest that countries developing

IISs to monitor vaccines or conducting vaccine studies

should be aware that different socioenvironmental contexts

shape behaviour, which in turn contributes to vaccine

coverage as much as healthcare access.
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