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ABSTRACT

Life-course immunization holds significant benefit for population health by reducing the burden of
vaccine-preventable diseases (VPD) through vaccinating individuals at different stages and circumstances
in life. The study aimed to determine the epidemiologic, clinical, economic, and societal burden of VPDs
among at-risk adult subpopulations in the United States. A systematic literature review was conducted for
articles published between January 2010 and June 2020, which identified 72 publications. There was
heterogeneity in available epidemiology data, with the prevalence of VPDs ranging from 1.1% to 68.7%.
Where the disease burden was described, outcomes were typically worse among high-risk subpopulations
than in the general population. Several VPDs, including herpes zoster, meningococcal, and pneumococcal
infections were associated with increased costs. This review suggests that subpopulations may not
frequently interact with the healthcare system, or their risk factors may not be recognized by healthcare
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providers, and therefore individuals may not be appropriately targeted for vaccination.

Introduction

Vaccine-preventable diseases (VPD) continue to confer
a substantial economic and clinical burden among individuals
and healthcare providers, with United States (US) expenditure
estimated at nearly $27 billion annually for adult VPDs
treatment.' > However, this burden is not equally distributed
across populations, with some at-risk subpopulations experi-
encing an increased burden compared to the general popula-
tion, i.e. individuals with higher exposure risks to VPDs or at
risk of severe clinical outcomes due to comorbidities.* This
increased burden intensifies the inequalities in health out-
comes among at-risk subpopulations who already face preex-
isting health inequalities due to their circumstances and access
to health care. Thus, the preventable burden of VPD has sub-
stantial downstream effects on healthcare utilization among
these subpopulations.™®

Life-course immunization is the concept of providing pro-
tection and health benefits to people throughout their lives, at
different stages and circumstances, with vaccination.* The
Centers for Disease Control and Prevention (CDC) recom-
mends that individuals receive additional vaccination through-
out their adult life due to various reasons, including
occupation, travel, comorbidities, circumstance (e.g. homeless-
ness) and behavior (e.g. unsafe sex or drug use).*®

Vaccination throughout life holds significant benefit at an
individual, population, and socioeconomic level.” For example,
vaccination results in the decreased incidence of VPDs and
associated morbidity and mortality, resulting in socioeconomic
benefits such as reduced treatment courses, shorter hospital
stays, and reduced productivity losses.>”*

The life-course immunization framework involves compre-
hensive immunization programs, public demand for immuni-
zation, engaged HCPs, multidisciplinary coordination, and
robust data informing policies and programs.* Australia and
several European countries, including Austria, Germany, and
the United Kingdom, have immunization programs that cover
most stages of life.”” Notably, German studies have demon-
strated that increased adult vaccination resulted in decreased
hospital admission rates, length of hospital stay, and
mortality.'®"" Understanding the impact of VPDs among at-
risk subpopulations in the US is important for developing
similar policies to support a life-course immunization
framework.*’

Despite the widespread and marked impact of VPDs within
the adult population, to the authors’ knowledge, no review has
thoroughly explored the burden of diseases and vaccine uptake
in at-risk subpopulations in the US. Without this understand-
ing, the benefits of life-course immunization programs cannot
be fully understood.

In order to support disease prevention among at-risk adults,
similar to the achievement of successful vaccine recommenda-
tions and immunization frameworks among pediatric and
older adults, this systematic literature review (SLR) sought to
identify evidence related to VPDs among at-risk adult popula-
tions. The objectives included in this study were therefore to
(1) quantify the epidemiologic burden of VPDs among the at-
risk subpopulations of interest; (2) determine the clinical, eco-
nomic, and societal burden of VPDs among the at-risk sub-
populations of interest; and (3) determine current vaccine
uptake. This review identified a substantial volume of data on
burden and vaccine uptake; therefore, this paper focuses on
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quantifying the burden of VPDs (objectives 1 and 2).
A companion article will explore the third objective on vaccine
uptake and barriers to vaccination.

Methods
Search strategy

Databases including Medline, Embase, Cochrane Database of
Systematic Reviews (CDSR), Database of Abstracts of Reviews
of Effects (DARE), and Cochrane Central Register of
Controlled Trials (CENTRAL) were searched for articles pub-
lished between January 2010 and June 2020. The search com-
prised of combinations of keywords and Medical Subject
Headings (MeSH) terms pertaining to at-risk subpopulations,
VPDs, epidemiology, clinical, economic, and societal burden,
and vaccination uptake (Table S1). Bibliographies of included
publications were reviewed to identify relevant publications
not captured through the database searches. A gray literature
search of the Centers for Disease Control and Prevention
(CDC), Office of Disease Prevention and Health Promotion,
US Department of Health & Human Services (HHS), and
Immunization Action Coalition (IAC) websites was
performed.

Study selection

Eligible studies met the following inclusion criteria: (1) indivi-
duals defined as at-risk by the Advisory Committee on
Immunization Practices (ACIP) recommendations and CDC
adult immunization schedule; (2) epidemiology, economic and

social burden outcomes; (3) vaccination outcomes; (4) studies
conducted in the US adults (=19 years). Full PICOS criteria are
reported in Table S2.

Results
Overview of results

The search ran on July 31, 2020 identified 6,076 articles, of
which 458 were taken forward to full-text review. After screen-
ing against the eligibility criteria, 196 publications were
included (Figure 1) for the SLR. As this paper aims to char-
acterize the burden of VPDs among at-risk subpopulations,
only studies reporting these outcomes have been included in
this manuscript (N =72).

The SLR identified publications reporting on burden outcomes
for 17 at-risk subpopulations; however, no publications were
identified for caregivers, adoptees, homeless persons, or prisoners
(Table S3). Conversely, the greatest number of publications is
identified for individuals with HIV infections (N = 22) and immu-
nocompromised individuals (N = 15).

Epidemiology of vaccine-preventable diseases

The epidemiologic burden of VPDs was reported in 59 studies,
of which the greatest number was reported on individuals with
HIV (N =22; Table S4). There was variation in the available
epidemiologic data, with the prevalence of VPDs ranging from
1.1% to 68.7% among at-risk subpopulations reported by >3
publications. Conversely, limited (<3 publications) or no data
were identified for 13 populations, with the prevalence of VPDs
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ranging from 1.1% to 75.0% (Table 3). The following sections
present trends among populations where >3 publications
reported on epidemiology outcomes for VPDs.

Occupational exposures

Five studies reported epidemiologic data in individuals with
occupational exposures to VPDs (influenza, measles,
varicella)."*"'® Of these, four reported on HCPs and one on
crew members on maritime vessels. Bhadelia et al. (2013) and
Jones et al. (2018) reported on the prevalence of influenza
among HCPs.'>"? A retrospective analysis of employee health
records in New York City, investigating the impact of the
HIN1 pandemic on healthcare workers (HCWs), reported
that only 40% of HCWs tested positive with influenza after
presenting with flu-like symptoms (N =393)."> Furthermore,
modeling of occupationally acquired influenza infections in
emergency departments and hospitals estimated that among
1.62 million HCPs, the incidence of occupationally acquired
influenza was 9.3% and 2.1%, respectively, during one influ-
enza season.”

A surveillance study by Fiebelkorn et al. (2015) of imported
and non-imported measles cases in the US reported that, of
1,822 measles cases reported between 2001 and 2014, 1,318
were non-imported, with 78 (5.9%) transmitted within US
healthcare facilities. Of these, only 29 cases were among
HCPs who were infected as a result of occupational exposure.'*

Comparatively, the literature suggests that the prevalence of
VPDs was higher among professions that experienced higher
exposure to VPDs, such as maritime crew. A retrospective
analysis by Rice et al. (2018) of varicella outbreaks on board
maritime vessels reported that 92% of all cases were among
crew members.'® Moreover, index-case patients were identified
for all reported outbreaks of which 79.8% (N =79) were crew
members, with only 20.2% identified among passengers.'®

Migrants or immigrants

Six publications reported on the epidemiologic burden of
hepatitis B virus (HBV) among migrants and
immigrants.'” > Notably, five of these studies reported
a higher prevalence of HBV infection among Asian
migrants/immigrants compared with other migrants and US-
born individuals.!” %! Ha et al. (2016) reported a higher
prevalence of HBV infection among Asian immigrants
(5.8%) than African immigrants (4.6%) in the Baltimore-
Washington metropolitan area (statistical significance not
reported).’”” Similarly, a study of HBV seroprevalence in
California by Levy et al. (2010) reported that Asian immi-
grants had the highest prior HBV exposure when compared
to Latino immigrants and US-born men (15.1% versus 2.0%
and 5.1%, respectively; P<.01)."® Moreover, chronic HBV
infection was also most prevalent among Asian immigrants
(3.8%) compared to Latino immigrants and US-born men
(<1%; P=.03)."*

These studies also identified that the prevalence of HBV
was higher among immigrants from East and Southeast Asia
compared to individuals from other regions.'”'**' First-
generation Chinese and Southeast Asian immigrants in
Ohio had substantially higher rates of chronic HBV infec-
tion than other Asian subgroups and those born in the US
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(China and Southeast Asia 7.7%, respectively, versus .8% for
US-born individuals)."” Rossi et al. (2012) also reported that
HBV seroprevalence among individuals from these regions
differed substantially, with migrants from East Asia and
sub-Saharan Africa at highest risk of infection.?' Similarly,
Ha et al. (2016) reported that prevalence was highest among
immigrants from Vietnam (9.0%)."” Furthermore, in a study
of 4,301 individuals, Pollack et al. (2014) reported that
Chinese-born individuals had the highest HBV seropreva-
lence rates (23.2%) among all migrant groups.”” Moreover,
seroprevalence varied significantly with age, gender, educa-
tion, birthplace, and family history of infection among
Asian ethnic subgroups in New York City (P<.001 for
each).”®

Wasley et al. (2010) reported that the overall prevalence of
HBYV infection among foreign-born persons had reduced from
14.4% in 1988-1994 to 10.3% in 1999-2006.>* In both periods,
HBYV prevalence was highest among Black non-Hispanic indi-
viduals (28.1% and 25.9%) compared to White non-Hispanic
(7.5% and 8.1%), and Mexican American individuals (4.3% and
2.2%).%

Refugees

Four studies reported on the epidemiologic burden of HBV
among refugees or asylees within the US.>*"*° In a retrospective
cohort study of 210 asylum seekers from various countries,
Bertelsen et al. (2018) reported an HBV prevalence of 9.4%
among the sample (N =9).*> The authors noted that none of
the asylees or refugees could have received a routine childhood
HBV vaccination based on their ages and year of vaccine
introduction into their countries of origin.*’

In a cross-sectional study of refugees (N = 36,896), Mitruka
et al. (2019) reported that region of birth emerged as the stron-
gest correlate of infection after adjustment for age, gender, and
state of refugee health assessment.”> Compared with individuals
born in the Eastern Mediterranean region, those born in the
Western Pacific, South-East Asian or African regions had 4.8
(95% CI: 2.9-7.9), 3.3 (95%: 1.8-6.1), and 3.1 (95% CI: 1.6-6.0)
times higher prevalence of HBV infection, respectively.*®

People living with HIV

Twenty-two studies reported on the epidemiologic burden of
HBV, human papillomavirus (HPV), pneumococcal infections,
meningococcal infections, and herpes zoster (HZ), among
PLWH.””"*® There was a considerable epidemiologic burden
associated with HBV infections among people living with HIV
(PLWH). In a retrospective cohort study including 24,490
participants, Buskin et al. (2011) reported HBV prevalence
rates of 8.0% for chronic and 3.0% for acute HBV from 1998
to 2004.?® In this period, HBV infection had a mortality rate of
68.9 per 1,000 person-years.”® Similarly, Abara et al. (2017),
presenting screening results from 2005 to 2017, reported HBV
prevalence rates of 4.0-17.0% in PLWH compared to 7.0%
(95% CI: 6-8%) in IDUs co-infected with HIV.”
Furthermore, Chun et al. (2010) reported that the prevalence
of HBV among 2,536 individuals included in the US military
HIV natural history study was 6.0% for chronic HBV.?' Chun
et al. (2010) previously reported that 24.2% of study partici-
pants (N =2,769) were infected with HBV at the time of HIV



€2054602-4 I. KOLOBOVA ET AL.

diagnosis, of whom 7.2% had chronic HBV infection.*®
Overall, the prevalence of HBV was 38.9% during the study
period.*

There is evidence that the incidence of HBV has increased
among PLWH.”® An aforementioned study by Chun et al.
(2010) reported HBV incidence rates of 9.7 per 100 person-
years in PLWH, compared to 4.0 per 100 person-years before
1996 (pre-HAART era).”®

Despite the burden of HBV among PLWH, two studies
reported that the incidence of pneumococcal and meningococ-
cal infections is decreasing. Marcus et al. (2016) estimated that
the incidence of pneumococcal infections in 1996-1999 was
305 per 100,000, compared to 88 per 100,000 in 2010-2011.*
Similarly, in an observational study, Miller et al. (2014)
reported that the incidence of meningococcal infections had
reduced from 4.7 per 100,000 in 2000-2002 to 1.9 per 100,000
in 2009-2011.** Although there is evidence that the incidence
of pneumococcal infections may be decreasing among PLWH,
Zhang et al. (2018) reported that the incidence of both all-cause
pneumonia (ACP) and invasive pneumococcal disease (IPD)
was substantially higher among PLWH than healthy
individuals.*? For instance, the incidence risk ratio was 4.1
(95% CI: 3.89-4.26) and 17.4 (95% CIL: 12.48-24.29) times
higher among PLWH compared to healthy individuals for
ACP and IPD, respectively.42

Conversely, there was heterogeneity among the identified
publications reporting on the epidemiologic burden of HPV
among PLWH, with the prevalence of anal HPV ranging from
12% to 90%.>>*°"*9"*" Moreover, Kojic et al. (2018 and 2019)
reported that the prevalence of cervical HPV among women
with HIV was lower than the prevalence of anal HPV (6-
839%).3738

Furthermore, Guignard et al. (2013) reported an annual
incidence rate of HZ among PLWH of 15 per 1,000 person-
years (95% CI: 13.56-16.62).>* Overall, the incidence of HZ
among PLWH has decreased from 1998 to 2004.>*

Immunocompromised individuals
Eleven publications reported on the epidemiologic burden of
pneumococcal disease, HPV, and HZ among patients with
immunocompromising conditions.**~**7*¢"**~>° The incidence
of VPDs was higher among immunocompromised compared
with immunocompetent populations.*>** In a retrospective
cohort study (N=35,696,718), Zhang et al. (2018) reported
that rates of ACP and IPD were approximately 3.7 and 4.7
times higher for immunocompromised than immunocompe-
tent adults, respectively.*> Additionally, rates of ACP and IPD
were found to be positively associated with the presence of
additional at-risk conditions.*> For instance, ACP and IPD
rates for adults with one at-risk condition were 2.9 and 3.7
times higher than immunocompetent adults, yet 8.1 and 10.6
times higher for adults with >2 at-risk conditions.*? Similarly,
in an observational study, Dhar et al. (2019) reported that the
proportion of women with lupus (N = 1,349) testing positive
for high-risk HPV was significantly higher compared with the
general population (.169 versus .088, p <.001).*

In addition to the presence of comorbidities, the preva-
lence of HZ in immunocompromised individuals differed
depending on tumor/transplant type, with heterogeneity

among the literature.*™>'=>3 L et al. (2016) found the annual
incidence of HZ was higher among patients with solid organ
transplants compared to bone-marrow or stem cell trans-
plants (42.9 versus 16.7 per 1,000 person-years,
respectively).*® Conversely, in a retrospective cohort of
14,670 individuals, Habel et al. (2013) reported that the
incidence of HZ was higher among patients with hematologic
malignancies compared to solid tumors (31.2 versus 12.3 per
1,000 person-years, 1respectiv<—:'ly).52 Furthermore, Mao et al.
(2016) reported that the incidence of HZ among patients who
underwent autologous hematopoietic stem cell transplant
was 62.18 per 1,000 person-years.”’ A systematic review
(McKay et al. 2019) investigating the risk of HZ among
immunocompromised adults, including patients with hema-
topoietic cell transplants, and solid organ transplants,
observed an incidence ranging from 9 to 95 per 1,000 person-
years.”

Injection drug users

Six publications reported on the epidemiologic burden of HBV
and HPV among injection drug users (IDUs).>’ *074/77-5%
Injection drug use has previously been identified as an inde-
pendent predictor for HBV infection.”® In a case-control study
of 23,585 individuals from Michigan, Tsai et al. (2019) reported
a higher incidence of HBV among IDU compared with non-
IDU (.52% versus .03%) from 2005 to 2018.°® Furthermore,
only 78.8% of intravenous drug users were found to be free of
viral infection (HBV, hepatitis C virus and HIV), compared
with 98.3% of non-IDU.”® Conversely, a systematic review
(Robbins et al. 2015) reported that none of the types of drug
use examined, including IDU (OR: 1.2%), were significantly
associated with oral HPV prevalence.*® Further, a retrospective
cohort study of 18,486 individuals by Yin et al. (2020) reported
that susceptibility to HBV among individuals who inject drugs
remained largely unchanged between 2007-2010 and 2011-
2016.>7

Men who have sex with men

Six studies reported on the epidemiologic burden of hepatitis and
HPV in men who have sex with men (MSM); two reported on
hepatitis and five on HPV.*”***7579%61 Of the two studies report-
ing on the epidemiology of hepatitis, a systematic review by Abara
et al. (2017) reported an HBV antibody prevalence of 1.1-2.3%
among MSM aged <30 years.”” Furthermore, an aforementioned
study (Yin et al. 2020) of the National Health and Nutrition
Examination Survey (NHANES) data identified that the preva-
lence of hepatitis A susceptibility was unchanged between 2007
and 2016 (2007-2010: 68.2% [95% CI: 56.1-80.3%)] versus 68.2%
[95% CI: 59.7-76.7%] in 2011-2016).>”

Four studies reported on the prevalence of HPV infection
among MSM, however there was heterogeneity among the
reported prevalence (32-65%), likely as a result of the variation
in the methods used to collect data.’>*”°*®! Two studies
reported on the prevalence of oral and anal HPV specifically.
In a prospective study in Philadelphia (N =5,329), Goldstein
et al. (2019) reported anal HPV prevalence of 63% and oral
HPV prevalence of 8%.>> Similarly, a survey (Halkitis et al.
2019) of MSM in New York reported the prevalence of anal
infection as 56.0% and oral HPV infection of 8.8%.°!



Clinical burden of vaccine-preventable diseases

The review identified 18 publications reporting on the clinical
burden of VPDs among at-risk subpopulations (Table S5).
Despite the available evidence, the clinical burden was poorly
described, with limited (<3 publications) identified for 18 at-
risk subpopulations. No data were available describing the
burden among caregivers, adoptees, homeless persons,
migrants or immigrants, prisoners, refugees, individuals with
alcohol dependency, or people practicing unsafe sex (Table S3).

Among populations where the disease burden was
described, at-risk subpopulations typically demonstrated
worse outcomes than the general population. Pneumococcal
infections in at-risk patients were associated with a greater
number of medical visits, hospitalizations, and increased
length of hospital stay compared to healthy controls or at-risk
patients without VPDs. In an observational study, Zhang et al.
(2018) reported that resource use per ACP episode was sig-
nificantly higher for adults with at-risk conditions compared to
healthy individuals, with the exception of medical office visits,
which were significantly lower (all P <.001).** Comparatively,
the same study reported that resource use per IPD episode was
similar among at-risk and healthy individuals (P >.05).** The
exception to this was individuals with end-stage renal disease
(ESRD) who had a significantly lower number of ED visits, and
adults with HIV who had a significantly higher number of
inpatient hospitalizations (both P < .05).*>

Variable differences in length of hospital stay between IDU
and non-IDU have been observed.”®®

A retrospective cohort of 29,455 individuals (Vazquez De
Lara et al. 2018) reported no significant difference in length of
pneumonia-related hospital stay between IDU and non-IDU
patients (-.042 days, P = .825).%2 However, an increased like-
lihood of ventilation was found among IDU patients (OR: 1.45,
P <.05).°% Conversely, in a case-control study of 47,281 indivi-
duals, Tsai et al. (2019) reported a significant increase in both
cost and length of hospital stay among patients with pneumo-
nia who injected drugs ($30,471 versus $16,020, P <.001; 5.7
days versus 3.7 days; P <.001).”® IDU was also more likely to
require ventilation (OR: 1.45, P < .05).%8

Similarly, in an observational database study of patients
with HIV, Li et al. (2016) reported statistically significant
differences in healthcare use between matched HZ and non-
HZ cohorts (6.3%; P <.05).*® Patients with HIV and HZ also
had more hospitalizations, longer inpatient stays, more ED
visits and more outpatient visits, on average, than non-HZ
patients (P < .05).4¢ A 2017 study (Folaranmi et al.) character-
izing the risk of meningococcal disease among MSM (N = 74)
reported that HIV-infected MSM had 10.1 times (95% CI: 6.1-
16.6%) the risk of HIV-uninfected MSM.%*

Furthermore, an observational study by Ishigami et al.
(2020) of 91,520 individuals with reduced kidney function
reported increased resource use among those not vaccinated
against influenza.>® Within this study, influenza vaccination
was found to be associated with a reduction in hospitalization
for pneumonia/influenza (OR: .86; 95% CI: .79-09.93), coron-
ary heart disease (OR: .93; 95% CI: .88-.97), and heart failure
(OR: .92; 95% CI: .86-.99).%° Based on the observed increase in
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hospitalization among those not vaccinated, there is evidence
that improved adherence to vaccination is important to avoid
unnecessary healthcare resource use.”

Economic burden of vaccine-preventable diseases

A total of 14 studies reported on the economic burden of VPDs
among at-risk subpopulations (Table S6). No data were identi-
fied for caregivers, adoptees, homeless persons, migrants or
immigrants, prisoners, injection drug users, individuals with
alcohol dependency, and people practicing unsafe sex (Table
S3). The greatest number of publications reported on indivi-
duals with immunocompromising conditions (N =7). Several
VPDs, including HZ, meningococcal and pneumococcal infec-
tions were associated with increased costs among individuals
with VPDs versus healthy comparators.

Among several at-risk subpopulations, the presence of
pneumococcal infections was associated with increased treat-
ment costs, particularly with an increased mean cost per epi-
sode compared with healthy individuals.** An aforementioned
study of 35,696,718 individuals reported substantially higher
costs per episode of ACP in adults in at-risk subpopulations,
with costs up to $9,168 compared to $4,725 for healthy
adults.*? Zhang et al. (2018) evaluated the costs per ACP and
IPD episode among individuals with chronic liver disease
(CLD), diabetes, heart or lung disease (i.e. at-risk conditions),
and among individuals with HIV, asplenia, and immunocom-
promised individuals including patients with cancer and organ
transplants (i.e. high-risk conditions).*> Average costs per ACP
episode in at-risk adults overall ($6,534) were significantly
higher than in healthy adults ($4,725) (P <.0001), with the
highest costs seen in adults with CLD ($8,729), followed by
chronic lung disease ($7,688), and chronic heart disease
($7,425). For IPD, the average cost per IPD episode in adults
with at-risk conditions was similar to healthy adults across all
conditions (P >.05).** Furthermore, costs per ACP episode in
at-risk and high-risk adults overall ($9,168) were significantly
higher than in healthy adults ($4,725) (P <.0001), with the
highest costs seen in adults with asplenia ($11,847), followed
by cancer ($9,577), and chronic renal disease ($9,098).*? The
findings by Zhang et al. (2018) are supported by Weycker et al.
(2016), who reported that healthcare costs among two million
adults included in the Truven commercial claims database
were higher among both at-risk and at-risk subpopulations
compared to healthy individuals.* The at-risk group, includ-
ing CLD, heart/lung disease, and diabetes, was associated with
healthcare costs of $21.7 million per 100,000 at-risk person-
years, which were 8.7 (8.5-8.8) times higher than healthy
individuals.®* Among the high-risk group, including immuno-
compromised individuals, and HIV, costs totaled $58.5 million
per 100,000 at-risk years person-years, which were 23.4 (22.9-
23.8) times higher than corresponding costs among healthy
individuals.®*

Similarly, HZ infections were associated with increased
costs per case among individuals with immunocompromising
conditions (e.g., HIV, cancer, and transplants), particularly
compared to healthy individuals. In a retrospective cohort of
438,817 individuals, Li et al. (2016) reported that, during the
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first quarter after diagnosis, patients with immunocompromis-
ing conditions and HZ had higher healthcare costs than their
matched controls.*® For instance, increased costs for patients
with HIV (+$3,056), solid organ transplant (+$2,649), bone-
marrow/stem cell transplant (+$13,332) and cancer (18-64
years of age: +$2,549; 265: +$3,108) diagnosed with HZ, com-
pared to those without HZ.*® Furthermore, a retrospective
cohort study of health insurance claims (N =143,892; Meyers
et al. 2018) reported an increase in all-cause healthcare costs
among immunocompromised individuals diagnosed with HZ
(HZ=$13,471 versus non-HZ=$11,192).%>

A high economic burden of VPDs was also identified among
MSM; notably, the high costs of acute meningococcal infec-
tions, with substantial costs associated with the long-term
impact of infections. A 2017 study (Folaranmi et al.) reported
that meningococcal infections were associated with hospitali-
zation costs of $51,627 for acute invasive meningococcal dis-
ease (IMD).%?

Societal burden of vaccine-preventable diseases

There is a paucity of data on the societal burden of VPDs
among at-risk subpopulations. No publications were identified
reporting on quality of life (QoL) outcomes in any of the at-risk
subpopulations included. The lack of humanistic data identi-
fied among the included publications suggests that there is
limited research among these at-risk subpopulations in the US.

Discussion

To our knowledge, this study represents the first systematic
review investigating the burden of VPDs among the adult at-
risk subpopulations defined by the CDC. Overall, this review
identified 72 publications on the epidemiology and disease
burden for VPDs among adult at-risk subpopulations.

There was heterogeneity in the available epidemiology data
among different at-risk subpopulations, with limited (<3 pub-
lications) or no data available for many groups. This suggests
the burden of VPDs in at-risk subpopulations is not fully
understood and these populations are unlikely to be appropri-
ately targeted for vaccination, further contributing to the bur-
den of VPDs. Notably, there was a lack of data for several
populations, including homeless persons, refugees, people
with alcohol dependency and people practicing unsafe sex.
These at-risk subpopulations often have limited contact with
HCPs due to a lack of access and complexities in reimburse-
ment, or may be less likely to discuss their lifestyle at medical
visits, thus demonstrating the need for a multifaceted approach
to vaccination.®® ®® To exemplify this likely additional burden,
where comparative data between at-risk subpopulations and
healthy individuals were available, the prevalence of VPDs was
higher in at-risk subpopulations, demonstrating the impor-
tance of quantifying the burden of VPDs for all special popula-
tion groups.

In addition to an increased prevalence of VPDs among at-
risk subpopulations, VPDs were also associated with worse
clinical outcomes compared to healthy individuals, e.g. ACP
and IPD in individuals with asplenia, chronic heart disease,
CLD, diabetes, and HIV.** Among those with at-risk

conditions, infection with VPDs resulted in a greater number
of hospitalizations and an increased length of hospital stay
compared to other at-risk patients without VPDs or healthy
individuals.***>*® These data indicate that VPDs cause
a substantial clinical burden for both patients and HCPs and
subsequently the healthcare system, which could be prevented
by life-course immunization.

Further, VPDs are associated with a substantial economic
burden to both individuals and the healthcare system, however
this review was unable to quantify this burden among many at-
risk subpopulations. Several studies reported an increased
mean cost per episode compared with healthy
individuals.****** However, the cost per episode varied by at-
risk subpopulation and VPDs and these data were not identi-
fied for all subpopulations.*>*>** While the evidence suggests
an increased burden among certain groups, further research is
required to elucidate this burden, particularly among at-risk
subpopulations, to support the positive impact of vaccination.

An absence of societal burden data among at-risk subpopu-
lations was also identified. However, a literature search may
not accurately characterize the humanistic burden of VPDs in
these populations, as this review has highlighted that publica-
tions in this area focus on epidemiology and economic out-
comes. This type of evidence also tends to be lacking from
database studies or larger retrospective studies where QoL
outcomes are often not explicitly captured.®

Adult vaccines, as a part of life-course immunization, are
a cost-effective solution to promoting health in the adult popu-
lation. Vaccination leads to the decreased incidence of VPDs
and associated mortality, resulting in cost savings for both
direct and indirect costs associated with treatment and lost
productivity.”®* However, lack of health insurance coverage
and high costs can be an obstacle to life-course vaccination,
resulting in a high burden of VPDs among at-risk
subpopulations.*®’® Medicaid coverage varies between states,
while Medicare payment for vaccination is often complex and
not all recommended vaccines are covered by Medicare Part
B (which covers outpatient medical costs), often resulting in
prohibitive costs for many adults.”' The burden of VPDs for at-
risk subpopulations, highlights the necessity for adequate fund-
ing for adult vaccination across providers to reduce this
burden.”

Life-course immunization policies, focusing on increasing
awareness of the health benefits of vaccination and improving
vaccination coverage, will reduce the burden of VPDs among
the US population.*® In order to implement successful life-
course immunization policies in the US, there must be colla-
boration between national and state-level policymakers to
ensure that the importance of the life-course approach is prior-
itized and well understood.* ® It is also critical that HCPs are
engaged with these policies and are equipped with sufficient
knowledge regarding the risk-factors for VPDs to provide
appropriate vaccination.*®

Strengths and limitations

This comprehensive review identified publications reporting
on a breadth of outcomes among at-risk subpopulations.
Furthermore, the review applied a wide timeframe to ensure



all key publications and any key progressions in this research
area were captured, such as wupdates to ACIP
recommendations.

As with all literature reviews, it is important to recognize
that there are methodological limitations; the most notable
being that a literature search may not accurately characterize
the burden of VPDs in these populations due to the categor-
ization of populations or publication bias limiting peer-
reviewed evidence in certain populations. For example, adults
are infrequently classified as adoptees in studies and the
emphasis in the wider literature for prisoners focuses on
screening for infectious diseases, rather than vaccinating
against VPDs. However, despite heterogeneity within the lit-
erature, this review has identified that VPDs confer
a substantial burden to at-risk subpopulations. Furthermore,
certain populations may not disclose their lifestyle choices to
healthcare professionals/insurance companies, e.g., MSM, peo-
ple practicing unsafe sex, and IDUs. Therefore, while there
have been data identified in this literature review, further
research may be needed to ascertain the true burden of VPDs
for these groups. Moreover, this review identified that the
measurement of the burden of VPDs is highly heterogeneous
between at-risk subpopulations, which limits the comparison
between VPDs and subpopulations. Finally, the search was
limited to the English language; it may be possible that further
evidence is published in other languages. However, this is
a minor limitation, given the review was US-focused.

Conclusions

There is a paucity of epidemiologic data for VPDs, which
represent a substantial clinical and economic burden in certain
populations  (i.e., immunocompromised individuals).
Moreover, consistent burden data are lacking for several popu-
lations. Therefore, this review confirms that further research is
required to accurately characterize the burden in at-risk sub-
populations and target them for vaccination. Embracing a life-
course immunization framework, where providers and systems
prioritize the recommended vaccinations, would reduce the
disparities in VPDs faced by these at-risk subpopulations.
While further research is necessary, the current review
suggests that at-risk subpopulations are likely consistently
under-vaccinated. There are challenges within the US health-
care system that must be overcome to address this subpar
vaccination rate: challenges with improved patient access,
expansion of service providers, tracking infrastructure, and
increased funding, to ensure that all adults are appropriately
targeted for vaccination. Improved vaccination policies,
together with integrated vaccination in public and private
payer access programs, will promote higher uptake of vaccina-
tion across all the population, including at-risk subpopulations.
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