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ABSTRACT
Vaccination remains the most effective strategy to prevent invasive meningococcal disease (IMD), 
with MenACWY, MenB and MenABCWY recommended for adolescents/young adults in the United 
States (US). However, vaccination coverage remains suboptimal, which could be related to popula-
tion inequalities. To understand the impact of IMD risk, prevention and control inequalities, 
a global systematic literature review (Medline, Embase, 2012–2022) was conducted on individual, 
socioeconomic, and environmental inequalities associated with IMD risk, prevention and control in 
all ages. Studies on IMD risk (n = 15) and prevention (n = 14) inequalities were identified. IMD 
incidence proportions were higher in Medicaid versus commercially insured populations, and IMD 
mortality was higher in poorer neighborhoods. White adolescents, adolescents from lower income 
families, and with lower maternal education were more likely to receive MenB vaccination; while 
Black and Hispanic adolescents, and adolescents with higher family incomes, were more likely to 
receive MenACWY vaccination. Meningococcal vaccination was associated with being up-to-date 
with other vaccinations, having multiple healthcare/well child visits, having a pediatrician as 
healthcare provider (HCP), and attending private facilities; while being uninsured was associated 
with lower vaccination. States with a MenACWY vaccination mandate and higher pediatrician-to- 
children ratios had higher vaccination rates. Important inequalities were due to individual differ-
ences, socioeconomic, and environmental factors. IMD prevention is suboptimal, especially among 
adolescents/young adults. To improve health equity, health policy makers could ameliorate menin-
gococcal vaccination coverage across the US, with simplified and stronger meningococcal vaccine 
recommendations from public health authorities, and initiatives to enhance parental/patient and 
HCP knowledge of IMD and vaccine recommendations.

PLAIN LANGUAGE SUMMARY
(1) What is the context?
Invasive meningococcal disease (IMD) is a severe disease with a high risk of death and long-term sequelae in 
survivors. Three types of vaccines are recommended in the United States (US) to prevent IMD among 
adolescents and young adults: MenACWY, MenB, and MenABCWY. According to the World Health 
Organization, access to vaccination, regardless of socioeconomic status, is one of the most important 
ways to achieve equitable health standards. However, US vaccine coverage is suboptimal, especially 
among older adolescents and young adults, possibly because of population-based inequalities. This study 
investigated the impact of inequalities on IMD incidence, mortality, and vaccination in the US.
(2) What is new?
A systematic literature review identified several studies reporting on inequalities for IMD risk and 
prevention.

IMD cases and deaths were more likely in poorer populations. Vaccination coverage varied according 
to race/ethnicity, income, and education levels. Vaccination was more likely in people with frequent 
healthcare visits, those who received other vaccinations, those who visit a pediatrician, and those who go 
to a non-public/private facility for care. Vaccination was less likely in uninsured people. States with 
a MenACWY vaccination mandate and with greater access to pediatricians had better vaccination rates.
(3) What is the impact?
Many inequalities exist in relation to the risk of getting IMD and the chances of getting vaccinated against 
IMD. To improve IMD prevention, health policy makers need to strengthen and simplify current menin-
gococcal vaccine recommendations, and introduce/support initiatives that increase parental/patient and 
HCP awareness of IMD and vaccine recommendations.
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Background

Invasive meningococcal disease (IMD), caused by the Neisseria 
meningitidis bacterium, is an unpredictable and devastating 
life-threatening disease. IMD has a high mortality rate within 
hours of symptom onset (ranging from 10% to 40% 
worldwide),1 and a risk of disabling sequelae in up to 40% of 
survivors.2 IMD sequelae include physical, neurological, and 
psychological complications, such as limb amputations, skin 
scars, hearing loss, learning disabilities, anxiety and 
depression.2 Long-term sequelae significantly impact health- 
related quality of life in patients and their families,3 and place 
a financial burden on healthcare systems and society.1 Of the 
twelve serogroups identified, six meningococcal serogroups 
(A, B, C, W, Y, and X) cause most cases;4 in the United 
States (US), serogroup B was responsible for around 60% of 
cases in children <5 years (incidence 0.56 in infants <1 year) 
and most cases in adolescents, while serogroups A, C, W and 
Y IMD was more prevalent among older adults.5

Vaccination is currently the most effective strategy to 
prevent IMD. The US Advisory Committee on 
Immunization Practices (ACIP) recommends routine 

vaccination with a MenACWY vaccine with a primary dose 
in adolescents aged 11–12 years and a booster at 16 years. 
A two-dose MenB vaccine is recommended for 16–23-year- 
olds (preferred age 16–18 years), based on shared clinical 
decision-making (SCDM) among parents and healthcare pro-
viders (HCPs).6 Both MenACWY and MenB vaccines are 
recommended (in different age groups and schedules than 
those for healthy adolescents) for patients at increased risk 
for IMD (e.g., asplenia, complement deficiency, and 
MenACWY only for human immunodeficiency virus 
[HIV]).6 In October 2023, the ACIP recommended 
a MenABCWY vaccine when both MenACWY and MenB 
vaccines are indicated at the same visit (i.e., routine schedule 
for healthy individuals aged 16–23 years when SCDM indi-
cates MenB vaccination; and in individuals aged ≥10 years at 
increased risk of IMD due for both vaccines).7 MenACWY 
vaccination coverage in adolescents aged 13–17 years was 
88.6% for ≥1 dose and 60.80% for ≥2 doses as reported in 
the 2022 National Immunization Survey (NIS)-Teen data, 
while only 29.4% and 11.9% of 17-year-olds received ≥1 
dose and ≥2 doses of the MenB vaccine, respectively.8 

Despite vaccine availability, suboptimal vaccination coverage 
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limits protection against IMD, which may be related to 
population inequalities affecting healthcare access, awareness 
of these vaccines, and the complexity of current meningo-
coccal vaccine recommendations. Data from the Centers for 
Disease Prevention and Control (CDC) show that there are 
individual (e.g., age, sexual orientation, HIV status), socio-
economic (e.g., homelessness), and environmental character-
istics (e.g., living at college) that may affect the risk of 
acquiring IMD and of being vaccinated against it. Indeed, 
previous US-focused research has shown that lower vaccina-
tion coverage is related to lower income, insurance status, 
region, and uptake of other routinely recommended 
vaccines.9,10

Health inequalities are defined as differences in health 
linked to individual, social, economic, and environmental dis-
advantages, such as race and ethnicity, disability, gender, 
socioeconomic status, and geographic location.11,12 Health 
inequity is defined as the “unfair and avoidable inequalities 
that are not inevitable or natural, but are the product of human 
behavior” by the World Health Organization (WHO).11 Thus, 
not all inequalities are unfair and avoidable, or lead to inequity. 
Policies to reduce health inequity in IMD risk, prevention, and 
control require an understanding of health inequalities and 
their underlying individual, socioeconomic, and environmen-
tal determinants (see Figure S1 for a breakdown of determi-
nants of health).13 Health equity is achieved when everyone 
has the opportunity to “attain his or her full health potential” 
and no one is at a disadvantage “because of social position or 
other socially determined circumstances.”12 Due to the severe 
impact of IMD, the WHO developed a road map to 2030 to 
defeat the main causes of bacterial meningitis worldwide. With 
equity as the guiding framework, the road map outlines a goal 
to achieve equal access and high coverage of existing and new 
vaccines by 2030.14

In this context, this study set out to understand the 
impact of social, economic, environmental, and other 
inequalities on a) IMD risk (e.g., incidence, mortality, naso-
pharyngeal carriage); b) IMD prevention (e.g., vaccination 
access); and c) control of IMD and its sequelae (e.g., health-
care resource use and access to healthcare services). The 
results from a global systematic literature review (SLR) are 
presented here, focusing on US studies. The SLR aimed to 
identify inequalities and associated knowledge gaps, to 
potentially help health policy/decision-makers to address 
potential sources of health inequity in IMD risk, prevention, 
and control in the US.

Methods

The SLR methods followed the guidelines of the Cochrane 
Handbook for Systematic Reviews of Interventions15 and 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA).16

Search strategy

Searches were conducted in Medline, Embase, Cochrane 
Library and EconLit on August 23rd, 2022, for studies pub-
lished from January 1st, 2012, to August 23rd, 2022, in English, 

French, Spanish, Italian and Portuguese. Search terms (both 
subject heading and free text) for meningococcal disease were 
combined with terms for inequalities associated with a range of 
individual, socioeconomic, and environmental characteristics 
(see Table S1 for Embase search strategy).

The gray literature was searched (i.e., the two most recent 
meetings from six key conferences): European Congress of 
Clinical Microbiology & Infectious Diseases (ECCMID); 
International Society for Infectious Diseases (ISID); Annual 
Congress on Vaccinology Research (ACVR); World Vaccine 
Congress (WVC); International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) EU 
and US; and Epidemics, using similar terms to those used in 
the database searches.

Selection criteria and process

Duplicates were removed (in EndNote X9), and unique 
records were evaluated against predetermined PECOS 
(Population, Exposures and Comparators, Outcomes and 
Study design) criteria (Table S2), in Distiller Systematic 
Review software (DistillerSR; Evidence Partners, Ottawa, 
Ontario, Canada).

The study population included IMD cases, carriers, and 
controls of all ages, excluding viral and other bacterial causes 
of IMD. Exposures included inequalities of health related to 
the individual (e.g., ethnicity, sex/sexual orientation, religion, 
and physical disability); to socioeconomic factors (e.g., social 
deprivation, insurance, education, and access to affordable 
health services); to environmental factors (e.g., geographic 
location, and housing); and to any other health inequalities. 
Exposures not attributed to health inequalities were excluded 
(such as genetic mutations). Comparisons included those 
within exposures (e.g., inequalities by rural versus urban, levels 
of education, employed versus unemployed). Outcomes were 
the association between exposures and IMD risk, prevention 
or control. Studies reporting outcomes of clinical efficacy/ 
effectiveness, safety, and clinical burden were excluded. Study 
designs included observational studies (i.e., cohort, case con-
trol, cross-sectional, case series), database studies, modeling 
studies, economic evaluations, and literature reviews (for hand 
searching of references only). Clinical trials, animal studies 
and narrative reviews were excluded. While the SLR included 
studies conducted worldwide, only US-specific publications 
were included here.

For article selection using the DistillerSR platform, screen-
ing of titles and abstracts (step one) and full texts (step two) 
was performed independently by two reviewers, with disagree-
ments resolved by a third researcher. Screening questions were 
developed and tested based on the selection criteria, to align 
decisions across team members.

Data extraction

Data were extracted into a pre-specified Microsoft Excel® tem-
plate by one researcher and independently validated by 
a second researcher for accuracy and consistency. Data extrac-
tion included citation, study design, methods (e.g., data source, 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3



sample size), demographics, IMD exposures and outcomes of 
interest, and meningococcal vaccine type and uptake data.

Quality assessment

The quality of evidence was assessed using the Newcastle 
Ottawa Scale, which evaluates the risk of bias in observational 
studies by considering three domains: selection (four ques-
tions), comparability (one question) and exposure or outcome 
(up to three questions).17,18 Different versions of the scale were 
used according to the type of observational study (e.g., cross- 
sectional, cohort or case-control study). Each question was 
assessed and a score of 0, 1 or 2 was applied, with 
a maximum total score of nine.

Qualitative analysis

A qualitative assessment was conducted of the inequalities 
in IMD risk and prevention attributable to the various 
factors identified in the SLR. No quantitative statistical 
analysis was performed e.g. pooling of results via meta- 
analytical approaches, or adjustment for confounding 

factors. However, these factors and their impact were cap-
tured and discussed where possible, as reported in the 
primary study.

Results

Study characteristics and quality assessment

The SLR reports studies for IMD risk (n = 15) and IMD 
prevention (n = 14) (Figure 1). At the time of the search, 
MenABCWY was not yet recommended in the US; therefore, 
no studies reported on IMD prevention with MenABCWY. 
Two studies reported outcomes for IMD control but did not 
identify any inequalities.19,20 Due to the limited evidence on 
inequalities for IMD control, the results reported here focus 
on IMD risk and prevention. These studies included IMD 
patients, susceptible populations, the general population 
(vaccinated and unvaccinated), parents/caregivers of IMD 
patients, and HCPs; from 34 IMD patients19 to 
32,9 million commercially insured adults patients;21 from 
a wide range of national and regional data sources. Six 
studies mentioned confounders for which the model/analysis 

Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR: systematic literature review; US: United States.
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were adjusted,20–25 mainly demographic characteristics (e.g., 
age, sex, race, and ethnicity). Multivariable regression ana-
lyses adjusted for clustering,23 for individual- and state-level 
determinants,26 and for parents’ demographic characteristics 
and child’s age.27 A summary of study characteristics is 
provided in Table S3.

All studies were of good quality, scoring ≥ 5 on the 
Newcastle Ottawa Scale. Three studies21,22,24 were of the high-
est quality, scoring nine (Table S4).

Population characteristics

The median age of the study population ranged from 15 to 52  
years;19,23,28 however, age was not reported in nine studies. The 
proportion of females ranged from 15% to 74%.21,22 Three 
studies reported on sexual orientation, specifically men-who- 
have-sex-with-men (MSM).24,25,29 Nineteen studies evaluated 
the ethnic or racial group distribution, including Hispanic, 
non-Hispanic, White, and Black individuals. HIV status was 
reported in six studies19,20,24,25,28,29 and one study20 reported 
other comorbidities (hepatitis C, diabetes, and cancer).

The proportion of participants expressing serogroup B ranged 
from 6.8% to 100%,29,30 serogroup C from 3.9% to 100%,25,31 

serogroup W from 1.3% to 21%19,31 and serogroup Y from 3.4% 
to 35%.19,32 Serogroup A was reported in one study19 in four cases 
who were unvaccinated or of unknown vaccination status.

Inequalities in IMD risk and prevention from individual 
characteristics and behaviors

The following section describes the results of inequalities in 
IMD risk and prevention by individual characteristics and 
behaviors (Figure 2).

Race/ethnicity

Inequalities in IMD risk by race/ethnicity
Incidence. A comparison of IMD incidence in adult men in 
the US (2012–2015) found that 50.0% and 39.2% of MSM were 
White and Black, respectively, compared with 59.2% and 
20.3% in non-MSM; and 67.6% of MSM versus 60.9% of non- 

MSM were non-Hispanic.29 Among MSM, being Black was 
associated with serogroup C IMD in 58.8% of cases vs. 10% of 
controls (matched OR adjusted for HIV status 8.0 [95% CI 
1.6–63.7]), during an outbreak in NYC (2012–2013). However, 
the authors concluded that race is not likely to be a biological 
risk factor but rather a proxy for a social risk factor.25

Mortality. Inequalities in IMD mortality by ethnicity were 
reported in a population aged ≥15 years in NYC (2008–2016). 
Hispanic ethnicity was associated with lower risk of death 
compared with non-Hispanic White populations (aRR 0.43 
[95% CI 0.19–0.96]).20

Carriage. Meningococcal carriage was associated with White 
race (8%) compared with other ethnicities (2.1%) (OR 3.2, 
[95% CI 2.1–4.9]) across eight high schools in Maryland and 
Georgia in 2006–2007.23

Inequalities in IMD prevention by race/ethnicity
MenACWY. Figure 3a shows that White adolescents versus 
other races/ethnicities had a lower likelihood of receiving 
MenACWY vaccines (from analyses of large healthcare claims 
databases, Commercial Claims and Encounters [CCAE] and 
Medicaid),34 and White adolescents aged 17 years were less 
likely to complete MenACWY primary and booster doses 
(based on NIS-Teen data 2011–2016)26 (Figure 3a).

MenB. From a web HCP survey, non-Hispanic Black and 
Hispanic adolescents/young adults were less likely to receive 
MenB vaccination versus their non-Hispanic White counter-
parts (Figure 3b), while no difference was observed for Asian 
(OR 0.775) and other/unknown (OR 0.788) versus non- 
Hispanic White.33 In addition, MenB series completion rates 
were less likely in Black (aRR 0.86 [95% CI 0.84–0.88]), and 
comparable in Hispanic (aRR 1.01 [95% CI 0.98–1.05]), versus 
White 16–23-year-olds with Medicaid insurance35 (Figure 3b).

A survey to assess factors associated with MenB vaccine 
awareness found that White non-Hispanic parents/guardians 
were more aware of MenB vaccines (aware vs. not aware: OR 
2.2, 95% CI 1.09–4.46), but Hispanic parents/guardians were 
more interested in vaccination (unaware but interested vs. 

Figure 2. Overview of individual characteristics associated with IMD risk and prevention outcomes. This figure and section present factors associated with IMD risk and 
prevention and that may lead to health inequity (see Supplementary file S1 for all other factors).
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unaware and not interested: OR 5.05, 95% CI 1.13–22.63), 
compared with Black and other non-Hispanic groups.36

Previous vaccination status: MenB/MenACWY/Others

Inequalities in IMD prevention by previous vaccination 
status
MenACWY. MenACWY primary and booster dose comple-
tion and compliance among adolescents aged 17 years (NIS- 
Teen 2011–2016) was more likely in adolescents who were up- 
to-date with other vaccinations (Figure 4a).26 Similarly, indi-
viduals were more likely to receive ≥ 1 dose of MenACWY 
vaccine if they had received pneumococcal vaccines PCV13/ 
PPSV23 (hazard ratio HR 26.02; 95% CI 21.01–32.22).38 

MenB. Data from the NIS-Teen in 2017–2018 showed lower 
MenB vaccination coverage (≥1 dose) in individuals who 
were not up to date with MenACWY vaccinations10,37 

(Figure 4b).
Adolescents had a higher likelihood of receiving ≥1 dose 

of MenB vaccine if they were up-to-date with their 
MenACWY and human papillomavirus (HPV) 
vaccinations10,37 (Figure 4c). Individuals were more likely 
to receive MenB (≥1 dose) if they had received pneumococ-
cal vaccines PCV13/PPSV23 or influenza vaccination38 

(Figure 4c). MenB series completion in 16–23-year-old 
Medicaid populations was less likely if MenB vaccines 
were co-administered with other vaccines or with 
MenACWY versus with influenza35 (Figure 4c).

Figure 4. a) MenACWY (primary and booster dose) completion and compliance (OR) by other vaccination status; b) MenB (≥1 dose) coverage by MenACWY vaccination 
status;10,37 c) likelihood of MenB (≥1 dose and ≥2 doses) receipt by other vaccination status. aRR: adjusted relative risk; HPV: human papillomavirus; HR: hazard ratio; 
OR: odds ratio; PCV13/PPSV23: 13-valent pneumococcal conjugate vaccine/23-valent pneumococcal polysaccharide vaccine; Tdap: tetanus-diphtheria-acellular 
pertussis vaccine.

Figure 3. a) inequalities in race/ethnicity associated with MenACWY vaccination; b) inequalities in race/ethnicity associated with MenB vaccination. Figure 3b: OR 
(p values) were as follows: Non-Hispanic Black OR 0.755 (0.026); Hispanic OR 0.694 (0.006).33
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Access to care: healthcare visits/check-ups

Inequalities in IMD prevention by healthcare access
MenACWY. Higher odds of MenACWY primary and booster 
dose completion were observed in adolescents aged 17 years 
who had ≥1 visits to an HCP in the past year versus none (OR 
for 1 visit 1.36 [1.11–1.67]; 2–5 visits 1.52 [1.25–1.85]; ≥6 visits 
1.44 [1.10–1.88]]); and in adolescents who had an 11–12-year- 
old well-child visit compared to none (OR 1.41 [1.14–1.76]) 
(NIS-Teen data 2011–2016).26 Similarly, a study that assessed 
MenACWY vaccination coverage using data from the CCAE 
and Medicaid MarketScan Databases (2011–2016) reported an 
increased likelihood of receiving MenACWY vaccination in 
adolescents was associated with the number of preventive care/ 
well-child visits (aOR: 1.63 [1.62–1.64]).34

Attendance at a well-care visit was also associated with 
an increased uptake of the MenACWY vaccine (HR 3.67 
[1.11–12.12]) in people aged ≥2 years with a new diagnosis 
of HIV eligible for MenACWY.22 Similarly, in patients with 
asplenia; those who attended ≥1 well-care visit had a higher 
likelihood of receiving meningococcal vaccines 
(MenACWY: HR 6.63 [4.84–9.09]; MenB: HR 11.17 
[3.02–41.26]).38

A higher odds of MenACWY primary and booster dose com-
pletion was observed in adolescents aged 17 years with married 
versus unmarried mothers (OR 1.14 [1.01–1.28]) (NIS-Teen 
data).26

MenB. Parental vaccine awareness influenced willingness to 
vaccine,27 and HCP relationship with adolescents influenced 
vaccine awareness36 (Table 1)

Inequalities in IMD risk and prevention from 
socioeconomic factors
Insurance status and type

Inequalities in IMD risk by insurance type/status
Incidence. IMD incidence proportions (per 100,000 people) 
in adults were significantly higher in Medicaid-insured versus 
commercially insured populations in 2010 and in 2006–2010 
(Figure 6).21 Based on five-year data on incidence proportions 
across the US, populations less able to afford private health 
insurance were at increased risk of IMD.21 

Inequalities in IMD prevention by insurance type/status
MenACWY. MenACWY vaccine (≥1 dose) uptake among 
adolescents was more likely in all health plans, except 
Comprehensive and Point of Service, compared with Health 
Maintenance Organization34 (Figure 7a). Uninsured adoles-
cents had lower MenACWY vaccination coverage (for ≥1 dose 

and ≥2 doses, Figure 7b,39 and lower compliance i.e., adher-
ence to the ACIP-recommended schedule (based on adoles-
cents aged 17 years, NIS-Teen data 2011–2016, Figure 7a26 

compared with adolescents with private, Medicaid and other 
health insurance.

MenB. MenB vaccination coverage (NIS-Teen data 
2017–2018) in adolescents aged 17 years was lower in unin-
sured adolescents (10.8 [7.1–16.0]) versus in adolescents 
with private insurance (13.3 [11.7–15.2]), Medicaid (21.9 
[18.1–26.2]), and other insurance (12.5 [9.0–17.2]).10 

Multivariate models found a lower likelihood of MenB 
vaccination for private versus Medicaid insurance10; and 
for private versus Medicaid/other/no insurance37 

(Figure 7c). However, in states with a MenACWY vaccine 
mandate, health insurance was no longer significantly asso-
ciated with MenB vaccine uptake in adolescents.37 Higher 
vaccination coverage was also observed in adolescents with 
continuity of health insurance coverage since age 11 years 
(never uninsured since age 11 years, 16.2 [14.4–18.2]; unin-
sured at some point since age 11 years, 14.3 [11.0–18.5]).10 

Adolescents of parents/guardians (of ≥ 1 dependent aged 16 
to 19 years) with insurance versus without were signifi-
cantly more likely to receive MenB vaccine36 (Figure 7c).

MenB series completion rates in 16–23-year-olds were 
more likely in commercially insured (56.7%) versus Medicaid 
(44.7%) populations, and higher with MenB-4C vs. MenB- 
FHbp vaccines (Commercial: 61.1% versus 49.8%; Medicaid: 
47.8% versus 33.9%, respectively).35 Similarly, from a web 
survey of US HCPs, most adolescents who were prescribed 
MenB only or MenB and MenACWY, respectively, had private 
insurance: private/commercially insured: 69.4% and 68.6% 
versus student healthcare plan 7.3% and 5.4%; Medicaid 18% 
and 21.8%; Government/Veterans Affairs hospital 2.4% and 
1.3%; and not insured: 1.4% and 2.3%, respectively.33

Social deprivation

Inequalities in IMD risk by social deprivation
Mortality. In a NYC population aged ≥15 years during 2008 
to 2016, a higher neighborhood poverty level of 30% to 100% 
(percentage of population living below 100% federal poverty 
level at census tract level) was associated with IMD mortality, 
compared with a neighborhood poverty level of 0% to 10% 
(adjusted RR 2.57 [1.00–6.61]).20

Inequalities in IMD prevention by social deprivation
MenACWY. In adolescents aged 17 years (NIS-Teen data 
2011–2016), a higher odds of MenACWY primary and booster 

Table 1. Parental willingness to vaccinate and vaccine awareness.

Parents of teenagers1 who were aware of at least one of the MenB vaccines (reference) compared with those who were not, were:

Willing to vaccinate their child27
MenB 

OR: 3.8; 95% CI: 1.2, 12.2
MenACWY 

OR: 6.3; 95% CI: 1.3, 29.4

With enough doses to fully vaccinate their child27 OR: 1.9; 95% CI: 1.1, 3.2

MenB vaccine awareness among parents/guardians of US adolescents, for parents who felt their HCP knew their child well (reference, 1) versus did not:
MenB vaccine awareness when HCP did not know child well36 OR 0.53, 95% CI 0.30–0.96

1attending high school in 2017 to 2018 in Minnesota; 95% CI: 95% confidence interval; HCP: healthcare provider; OR: odds ratio.
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dose completion was associated with a family income >$75,000 
compared with ≤$30,000 (OR 1.21 [1.02–1.45]).26 Similarly, in 
commercially insured patients with asplenia, MenACWY vac-
cine uptake (≥1 dose) was less likely in individuals with 
a household income of <$40,000 vs. ≥ $100,000 (HR 0.62 
[0.47–0.83]).38

Coverage of MenACWY vaccination (≥2 doses) in adoles-
cents (13–17 years) tended to be higher in adolescents living 
at/above the federal poverty level versus below, especially in 
residents of metropolitan statistical area (MSA) non-principal 
cities (Figure 8a) (2020 NIS Teen data).39 

MenB. Higher MenB vaccination (≥1 dose) coverage was 
reported in adolescents aged 17 years from families with 
lower incomes (≤$25,000 per year) versus higher incomes, 
and in families living below the poverty level versus above 
(NIS-Teen data) (Figure 8b).10

Education level

Inequalities in IMD risk by education level
Incidence. Incidence rate (IR, per 100,000 population) among 
18–24-year-olds (2014–2016) was higher in college students 
versus non-college students for MenB IMD (IR 0.167 vs. 0.049, 
RR 3.54 [2.21–5.41]); and lower for MenACWY IMD (IR 0.028 
vs. 0.050, RR 0.56 [0.27–1.14].31

Carriage. In students from eight high schools in Maryland 
and Georgia, IMD carriage was higher in students in grades 11 
or 12 (8.0%) versus grades 9 or 10 (3.4%).23

Inequalities in IMD prevention by education level
MenB. MenB vaccination coverage among adolescents aged 
17 years was highest for those with lower maternal educational 
attainment (<12 years) (Figure 9).10 

MenACWY/MenB in chronic conditions. In newly diagnosed 
asplenia patients, those with a high school diploma or lower 
level were less likely to receive ≥1 dose of MenACWY vaccine 
versus those with college/associate degrees (HR 0.78 [0.64–-
0.94]), and those with a bachelors/graduate degree/profes-
sional degree were more likely to receive ≥1 dose of MenB 
vaccine versus those with a college/associate degree (HR 2.21 
[1.23–4.09]) (Optum Research Database 2005–2018).38

Homelessness

Inequalities in IMD risk by homelessness
Incidence. In IMD outbreak cases in 45 states across the US 
(2016–2019), the incidence of IMD was found to be higher in 
people experiencing homelessness (PEH) than in non-PEH 
(incidence per 100,000 people: 2.12 vs. 0.11, RR 19.8 [95% CI 
14.8–26.7]); and serogroup C was more prevalent among PEH 
(68% vs 26.4%). Among adults only, a higher incidence was 
seen in PEH compared with same-aged non-PEH (RR 24.6 
[95% CI 18.1–33.3]).28

Household characteristics

Inequalities in IMD prevention by household characteristics
MenACWY. MenACWY primary and booster dose comple-
tion and compliance were more likely in adolescents aged 17  
years with 2–3 children (<18 years) in their household versus 
one other child in the household (completion, 2–3 children OR 
1.14 [1.03–1.27]; ≥4 children OR 1.14 [0.97–1.34]; and com-
pliance, 2–3 children; OR 1.12 [1.01–1.24]; ≥4 children; OR 
1.05 [0.86–1.28]) (NIS-Teen data 2011–2016). Adolescents had 
a lower odds of MenACWY primary and booster dose com-
pliance if household members had any high-risk health con-
ditions (compliance OR 0.84 [0.76–0.94]).26 Inequalities in 
MenACWY primary and booster dose completion were also 
found, with higher odds of completion in adolescents who had 
married mothers vs. unmarried mothers (OR 1.14 
[1.01–1.28]).26

MenB. Participants living in on-campus dormitory/shared 
living were more likely to be vaccinated with MenB vaccine 
than those living with parents, alone, other or unknown cate-
gory (OR 2.094, 95% CI not reported).33

Health care professional (provider type)

Inequalities in IMD prevention by provider type
MenACWY. Adolescents with provider types other than 
pediatricians had a decreased likelihood of receiving 
MenACWY vaccine (≥1 dose), based on healthcare claims 
database analyses (CCAE and Medicaid).34

MenACWY primary and booster dose completion and 
compliance were more likely in adolescents whose vaccine 
provider was a private facility, hospital, or other/mixed/ 
unknown facilities compared to a public facility (Figure 10). 
MenACWY primary and booster dose completion was more 
likely in adolescents aged 17 years whose vaccine provider 
reported vaccinations to an immunization registry (OR 1.31 
[1.11–1.55]). Adolescents who used Immunization 
Information Systems (IIS) had an increased likelihood of 
MenACWY primary and booster dose compliance (per 10%- 
unit increase, 1.09 [1.02–1.17]) (NIS-Teen data 2011–2016).26 

Inequalities in IMD risk and prevention from 
environmental factors

Geographic location/region

Inequalities in IMD risk by geographic location
Incidence. Comparable trends in IMD incidence were 
reported across all of the US for MSM (with and without 
HIV) versus non-MSM, suggesting that geographic location 
does not result in inequalities in incidence in this group of 
individuals29 (Figure 12).

Inequalities in IMD prevention by geographic location
MenACWY. MenACWY primary and booster dose comple-
tion in adolescents aged 17 years (NIS-Teen data 
2011–2016), was more likely in those residing in states with 
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a high pediatrician-to-children ratio of 11.8 to <56.5 (4th 
quartile) (the number of pediatricians per 10,000 population 
aged <18 years) versus 0 to <7.6 (1st quartile) (OR 1.69 [-
1.16–2.46]); and in those residing in states with versus with-
out a booster dose vaccination mandate by age 17 years (OR 
2.08 [1.48–2.93]).26

MenACWY vaccination coverage (≥1 dose) in adolescents 
aged 13–17 years was 85.7% for those living outside an MSA 
versus 89.4% and 90.2% for those in MSA non-principal and 
principal cities, respectively (2020 NIS-Teen data 2020).39

In subgroups with asplenia38 or newly diagnosed HIV,22 

MenACWY vaccine (≥1 dose) coverage differed by geographic 
location (Figure 13).

MenB. MenB vaccination coverage, in adolescents aged 17  
years (NIS-Teen data 2017–2018), varied by region (see data 
by Census division, Figure 14), with the highest coverage 
rates (≥1 dose) seen in the Middle Atlantic (19.7%), South 
Atlantic (17.6%) and Pacific (17.4%) census divisions.10 

Multivariate models showed associations between receipt 
of ≥1 dose of MenB vaccine and adolescents residing in the 
South Atlantic (OR 1.90 [1.24–2.92]) or the Mountain (OR 
1.64 [1.03–2.62]) Census divisions.10 MenB series comple-
tion, in 16–23-year-olds with commercial insurance, varied 
from 49.3% (Mountain) to 66.4% (New England), with sig-
nificantly lower rates of completion in all locations versus 
New England (Figure 14).35 

MenB (MenB-4C and MenB-FHbp) vaccine series com-
pletion rates in 16–23-year-olds were less likely in rural 
versus urban locations among commercially insured popula-
tions (commercial aRR 0.96 [95% CI 0.94–0.98] and 
Medicaid aRR 0.96 [0.94–0.99]).35

In subgroups with asplenia, MenB (≥1 dose) coverage was 
significantly more likely in the Midwest (OR 2.53 [1.19–5.41]) 
and West (OR 2.57 [1.13–5.86]) versus the South.38

Organization/Community cases

Inequalities in IMD risk by organization/community cases
Incidence. Overall, 4.9% of IMD cases in the US 
(January 2009 to December 2013) were part of 36 outbreaks. 
Outbreak cases were either organization-based (i.e., had 
a common affiliation of cases other than a shared geographic 
area, such as a university) or community-based outbreaks (i.e., 
no common affiliation other than a shared geographic area)32 

with different serogroup distributions (Figure 15).

Mortality. More deaths were reported in outbreak cases con-
tracted in the community (27.3%) versus related to organiza-
tions (19%).32

Housing and household size

Inequalities in IMD risk by housing/household size
Incidence. Among MSM in NYC (2012–2013), living in 
a household with >1 other person was associated with IMD 
outbreaks (56.3% cases vs. 19.6% controls, matched OR 5.6 
[1.5–27.0]).25

Discussion

This systematic literature review provides a comprehensive 
overview of several quantifiable inequalities associated with 
IMD risk and prevention in the US. Inequalities that may be 
linked to health inequity (Figures 2, 5 and 11) were identified 

Figure 5. Overview of socioeconomic factors associated with IMD risk and prevention outcomes. This figure and section present factors associated with IMD risk and 
prevention and that may lead to health inequity (see Supplementary file S1 for all other factors).
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for IMD incidence (differences by race/ethnicity, insurance 
status and homelessness), mortality (race/ethnicity and pov-
erty) and carriage (race/ethnicity). Inequalities in IMD pre-
vention (e.g., uptake and adherence of MenACWY and MenB 
vaccines) that may be linked to health inequity were also 
identified i.e., differences in race/ethnicity, wealth, education 
status, insurance status, access to healthcare (including 
healthcare provider, receipt of other recommended vaccines, 
pediatricians per 10,000 population, and geographic region), 
and parental vaccine awareness. These factors may be consid-
ered surrogates for socioeconomic status and could be indicative 
of higher IMD risks in socially deprived groups. Research pub-
lished in 2023 (after the cutoff date in this SLR) also confirmed 
that IMD risk was higher in people with Medicaid versus 
commercial insurance, and considerably higher in PEH 

versus non-PEH among Medicaid insured persons;40 and 
that IMD risk was higher among college students, particu-
larly the risk of MenB IMD, and was associated with living 
on campus/in residence halls, Greek life, and socializing.41 

The findings on IMD prevention inequalities are in line 
with a recent SLR which found that prevention was 
impacted by inequalities in race/ethnicity, socioeconomic 
factors, geography and insurance status.42 Another recent 
US review found that factors associated with healthcare 
access improved coverage and adherence.43

The following sections focus on possible indicators of 
underlying health inequity, followed by limitations, recom-
mendations, and overall conclusions.

Race/ethnicity

Overall, there were some inequalities by racial/ethnic groups in 
IMD incidence, carriage, mortality and prevention, which 
differed for MenACWY and MenB vaccination. Findings 
were also inconsistent across racial/ethnic groups (e.g., Black 
MSM associated with serogroup C IMD,44 White race asso-
ciated with meningococcal carriage).23 White adolescents were 
less likely to receive MenACWY vaccines, whereas non- 
Hispanic Black and Hispanic individuals were less likely to 
receive MenB vaccination).33

Figure 6. IMD incidence proportion (per 100,000) with Medicaid and commercial 
insurance.

Figure 7. a) likelihood of MenACWY (≥1 dose) vaccination and compliance by insurance type/status; b) MenACWY vaccination by dose and insurance; c) likelihood of 
MenB vaccination by insurance type/status. Cap.: capitation; HP: health plan; org.: organization; Note Figure 7c: For ‘MenB vaccination’ number of doses was not 
specified.
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Vaccination coverage is potentially influenced by vaccine 
recommendations and awareness in certain race and ethnic 
groups, however, the studies identified did not adequately 
describe the exact reasons for racial differences in vaccine 
access and coverage.

These racial trends could be due to underlying inequities, or 
race may be a proxy for social mixing or other unclear factors 
(e.g. health literacy, education and awareness). Furthermore, 
the underlying reason for the lower MenACWY coverage in 

Figure 8. a) poverty level & metropolitan residence and MenACWY coverage (≥2 doses); b) Income/poverty level and MenB (≥1 dose) coverage. MSA: metropolitan 
statistical area.

Figure 9. Adolescent MenB coverage by maternal education.

Figure 10. MenACWY (≥1 dose) receipt, and MenACWY (≥2 dose) completion and compliance, by provider type.
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White adolescents is unclear, and may be partly attributed to 
programs such as Vaccines for Children (VFC), which aim to 
bridge gaps in inequalities in healthcare access, by providing 

free recommended vaccinations for children ≤18 years of age 
who are uninsured/under insured, with Medicaid, or 
American Indian or Alaska Native.45 There has been an 

Figure 11. Overview of environmental factors associated with IMD risk and prevention outcomes. This figure and section present factors associated with IMD risk and 
prevention and that may lead to health inequity (see Supplementary file S1 for all other factors).

Figure 12. Annualized IMD incidence rate (per 100,000) in MSM versus non-MSM (RR [95% CI]).29 95% CI: 95% confidence interval; HIV: human immunodeficiency virus; 
LA: Los Angeles; MSM: men-who-have-sex-with-men; NYC: New York City; RR: relative risk; US: United States.

Figure 13. MenACWY vaccination in subgroups with asplenia or HIV by geographic region. HIV: human immunodeficiency virus; HR: hazard ratio; OR: odds ratio.
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Figure 14. MenB vaccination coverage (% with ≥1 dose/≥2 doses) in 17-year-olds10 and MenB series completion (%, aRR [95% CI] vs New England) in 16–23-year-olds35 

by census division. 95% CI: 95% confidence interval; aRR: adjusted relative risk.

Figure 15. Organization and community-based outbreak cases (2009–2013) by serogroup. MSM: men-who-have-sex-with-men.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 13



increase in MenB vaccination in the overall population (from 
17.2% of 17-year-olds receiving ≥1 dose in 201846 to 29.4% in 
20228 with a positive public health impact). However, despite 
an increase in the total population, disparities remain in MenB 
uptake and completion and47 non-Hispanic White individuals 
were more likely to be aware of the MenB vaccine.36 These 
findings could also be indicative of racial differences in aware-
ness, and therefore utilization, of vaccines. A previous review 
supports the racial differences in MenB vaccine access and 
awareness, reflecting poor interpretation and implementation 
of ACIP’s recommendations.48

Social deprivation, income and insurance status

IMD incidence, vaccine coverage and mortality were asso-
ciated with insurance status and income. IMD incidence was 
generally found to be higher in the Medicaid population 
versus commercially insured populations, while vaccination 
coverage (particularly with MenB vaccines) tended to be 
lower in families with lower incomes and uninsured popula-
tions. In some instances, however, individuals from poorer 
families were reported to have better vaccine uptake than 
their wealthier counterparts. It is likely that programs like 
VFC that aim to reduce inequalities may have played a role 
in this. This needs to be investigated further to understand 
the relationship between socioeconomic deprivation and 
vaccination coverage. Both MenACWY and MenB vaccines 
are covered in the US by the VFC program for individuals 
under the age of 19 years; however, this review found that 
inadequate insurance coverage resulted in inequities in 
MenACWY and MenB vaccination rates. Hansen, 2021 
found contrasting evidence of a lower likelihood of MenB 
vaccine uptake in adolescents with private insurance than in 
uninsured/Medicaid adolescents,37 which needs to be further 
investigated.

Another socially deprived group found to be at risk of 
health inequities was people experiencing homelessness 
(PEH). The elevated incidence in homeless individuals is likely 
due to people living in crowded shelters and other factors, such 
as a high prevalence of underlying conditions, thereby increas-
ing their risk of infectious diseases.49 There are numerous 
challenges in defining and reaching out to this target popula-
tion, which are also reflected in the potential misclassification 
of PEH cases in the single study28 identified on this topic. 
Currently, the CDC recommends routine vaccinations for 
various at-risk groups spanning age, medical conditions, and 
certain occupational groups,50 but broader recommendations 
would also benefit other groups with socioeconomic risk fac-
tors. This review highlights the inequalities in risk leading to 
inequity in PEH populations, who would benefit from routine 
vaccination recommendations.

Finally, a higher risk of death due to IMD was reported in 
poorer neighborhoods than in neighborhoods with <10% 
poverty.20 These inequalities could be indicators of depriva-
tion, which in turn result in inequities in healthcare access and 
poorer health outcomes.51

Geographical location

Inequalities in vaccine uptake for geographic regions were 
interpreted to be linked to health inequities. MenACWY 
vaccine uptake was higher in individuals who resided in the 
West or Midwest versus the South or other locations in the 
US. Higher vaccination coverage was reported for residents 
in states with a high pediatrician-to-child ratio, with boos-
ter dose mandates by age 17, and from East South Central 
and New England Census divisions. Individuals living on 
university campuses were more aware of vaccine recom-
mendations due to direct outreach from vaccinated peers, 
and were more likely to be vaccinated for MenB than those 
living with parents or alone. A recent review of stocking of 
MenACWY and MenB vaccine doses found disparities 
across US counties by SES and school mandates, leading 
to inequality in IMD prevention.52

Access to care

Inequality in access to healthcare was reflected by disparities in 
uptake e.g. uptake of meningococcal vaccines tended to be 
higher in adolescents who were up-to-date with other vaccines, 
such as HPV or MenACWY, consistent with previous 
studies.10,26,37,38 Similarly, many studies report that having 
a healthcare visit/annual preventive well-child visit in the 
past year increased the likelihood of receiving 
MenACWY,22,26,34,38 highlighting the importance of preven-
tive care visits and well-child exams as opportunities to vacci-
nate. These findings may reflect underlying health inequity in 
populations who are unable to regularly access healthcare.

Key HCP characteristics that influenced inequalities in 
vaccination coverage included type of provider, provider 
recommendations, individuals seeking care mainly from 
non-pediatric providers, providers reporting vaccinations 
to immunization registries, provider facility and frequency 
of HCP contact. Providers were more likely to recommend 
MenB vaccine at pre-college visits rather than routine health 
visits in 16–18-year-olds, possibly due to awareness around 
college outbreaks of serogroup B meningococcal disease, 
and potentially due to MenACWY vaccination mandates 
where co-administration with MenB vaccine could occur. 
Approximately 10% of pediatricians and one-third of family 
physicians reported recommending MenB vaccine to 
healthy 11–12-year-olds, demonstrating confusion with 
MenACWY primary dose timing and misinterpretation of 
MenB SCDM recommendations.53 In addition, 19% of 
pediatricians and 43% of family physicians reported making 
no recommendation regarding MenB vaccine for children 
aged ≥10 years at increased risk for meningococcal 
disease.53 The understanding around SCDM and timing 
appears to be unclear,33,48 contributing to a lack of strong 
and precise vaccination recommendations to parents. These 
findings suggest that socioeconomic inequalities coupled 
with provider characteristics, including prescribing beha-
vior, provider type and provider knowledge gaps,54 impact 
vaccination coverage.
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Education

Inequality in education status impacting vaccine coverage 
points to possible health inequities. Individuals with some 
college/associate degrees tended to have a higher likelihood 
of vaccination coverage for both the MenB and MenACWY 
vaccines.38 The reason for this is not clearly described, it may 
be that HCPs focus more on college attendance as risk factor 
for IMD, along with greater awareness due to MenACWY 
mandates for school/college enrollment. Thus, individuals 
who do not go to college may miss out on HCP recommenda-
tions for meningococcal vaccination. Another reason is that 
inequalities by education status may result from health illiter-
acy, where individuals with higher qualifications are more 
aware of vaccination recommendations than individuals with 
lower qualifications, leading to higher coverage rates.52

Strengths and limitations
This SLR provides robust evidence on inequalities in IMD risk 
and prevention in the US. A limitation of this review is the 
heterogeneity across studies with regards to reported age groups, 
geography, study design, specific subgroups, and exposure cate-
gories. This can limit the potential for conducting a meta-analysis 
in future, and for generalizability of the findings. Several studies 
reported differences in risk or prevention as trends rather than 
providing statistical analyses. In addition, studies which do not 
report differences (e.g., findings only reported for the total popu-
lation and do not fulfil the inclusion criteria), may have been 
excluded. Evidence for inequalities in IMD control and long-term 
IMD sequelae was sparse, thus limiting further interpretation. 
While the definitions of inequality and inequity were based on 
the literature, the review lacked a framework to measure these 
inequalities and inequities. Many studies were not designed to 
explore inequalities, and study authors rarely used this terminol-
ogy. Lastly, factors affecting the whole population may also indir-
ectly impact IMD risk and prevention (e.g., economic conditions, 
socio-political factors, infrastructure and healthcare systems, epi-
demiology, demographics, culture) but these were out of scope of 
this study.

Recommendations and future research
Several data gaps were identified, as well as opportunities for 
future research and to reduce inequalities.

The current evidence suggests that differences in uptake 
and adherence to existing vaccines do not impact all popula-
tions equally, but the impact on health inequities remain 
unclear. Recent additions to the US meningococcal vaccine 
recommendations include a MenABCWY combination vac-
cine, under SCDM, when both MenACWY and MenB are 
indicated at the same visit.7 The increasing meningococcal 
vaccine options will provide greater flexibility in immuniza-
tion regimens and could improve public health impact. 
However, SCDM is associated with inconsistent implementa-
tion of MenB vaccination; therefore, the real-world implica-
tions of these recommendations may increase schedule 
complexity for HCPs (e.g., stocking multiple vaccines, incon-
sistent use with vaccine label, HCP lack of clarity on how to 
recommend). Instead, providing clear and routine recommen-
dations for all five disease-causing serogroups could improve 

uptake and series completion and help to reduce inequities in 
socially deprived groups.

Furthermore, factors that influenced inequalities in IMD 
risk varied from the factors that influenced IMD preven-
tion. The risk of IMD needs to be investigated from an 
equity perspective in certain racial/ethnic, MSM, unin-
sured, and PEH populations, to understand what further 
action is needed to reduce inequalities in IMD risk. 
Further investigation is needed to determine the factors 
that lead to IMD mortality in poor neighborhoods, and 
to implement optimal prevention strategies. Suboptimal 
uptake of and adherence to meningococcal vaccines may 
relate to inequities in healthcare access, as inequalities were 
reported for race/ethnicity, geographical factors, income/ 
poverty level and health insurance status. Further studies 
exploring vaccination coverage and regional-, state- and/or 
local-level geographical variables and the connection to 
socioeconomic factors are needed. Findings also highlight 
the need for further analyses to establish the association 
between education level and vaccination, controlled for 
confounding factors.

To better inform priorities for policy development/inter-
vention, an evidence-based conceptual framework is needed, 
to elucidate the interactions between IMD-related inequal-
ities quantified in this study and their impact on health 
equity, in terms of IMD risk, prevention and control. The 
association with risk from individual biological and beha-
vioral characteristics potentially emanating from broader 
health inequalities needs to be investigated. Several inequal-
ities were identified which may not be reflective of inequities 
(e.g., vaccine uptake by age and chronic conditions). 
Inequalities relating to social mixing (>1 kissing partners, 
group social activities, and visits to pubs/bars) are not sys-
temic inequalities that lead to health inequity, but social and 
behavioral factors that increase the risk of IMD transmis-
sion. These behaviors and individual choices may be under-
lying factors in these populations, such as health literacy, 
which may be linked to societal inequities as well. A clearer 
understanding is needed of the relationship between health 
inequity and behavioral factors or individual choices, which 
in turn may be associated with social deprivation, and thus, 
with underlying health inequity (e.g., lack of means to attain 
health literacy). Countries are increasingly trying to incor-
porate equity considerations in their assessment of vaccina-
tion programs, for instance, leading to the expansion of the 
HPV vaccination program in the United Kingdom to include 
vaccination of 12–13-year-old boys.55 Similarly, in Canada56 

and the US,57 guidelines now recommend including the 
impact on health equity of new vaccination programs, and 
provide a framework to do so. Experts in the field recently 
provided practical examples of how to potentially quantify 
the impact of vaccination on equity, including an example 
showing that including equity benefits results in a more cost- 
effective IMD vaccination program.58 Lastly, IMD preven-
tion efforts would benefit from focusing on reducing missed 
opportunities for vaccination,59 assessing provider character-
istics that influence vaccine uptake and implementation of 
recommendations, barriers to vaccine access and geographi-
cal variations influencing vaccination coverage in the US.
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Conclusion

IMD risk and prevention in the US is associated with 
inequalities by individual characteristics, socioeconomic, 
and environmental factors. Differences in incidence and 
carriage were reported, demonstrating inequalities in the 
risk of IMD. Furthermore, several barriers to vaccine cov-
erage and access were reported, including lack of health 
literacy and awareness, indicating IMD prevention is sub-
optimal in the US. This suggests health policy makers 
could improve IMD prevention by a) simplifying current 
vaccine recommendations (e.g., facilitating stronger vaccine 
recommendations to patients by HCPs via routine recom-
mendations, or better integrating current vaccines to 
streamline administration/improve implementation), and 
b) providing or facilitating targeted education to parents, 
patients and HCPs to improve disease awareness and vac-
cine recommendations, including clear guidance on imple-
mentation. These actions would help to improve 
vaccination coverage and health equity in the US.
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