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ABSTRACT

People Living with HIV (PLWH) remain disproportionately susceptible to vaccine-preventable illnesses due
to increased morbidity and mortality from common pathogens, increased transmission related to epide-
miologic factors, and decreased vaccination rates. We aimed to describe patient-specific predictive factors
that may impact adherence to the CDC's recommended vaccination schedules in PLWH. We retrospec-
tively evaluated adult PLWH in care at the University of Nebraska Medical Center’s HIV clinic and collected
information related to demographics, clinic visits, vaccination status, and measures of HIV disease control.
Patients were categorized as “Adherent” if they had received all vaccinations for which they were eligible
and were categorized as “Non-Adherent” if they were deficient or delayed in receiving one or more
vaccinations. Participant characteristics were compared between groups by multivariable logistic regres-
sion to identify predictors associated with vaccine schedule non-adherence. We evaluated 502 PLWH who
met our inclusion criteria; 206 of these (41%) had received all eligible vaccinations, while 296 (59%) were
missing one or more vaccinations. The mean age of participants was 48 years old, 76% were male, and
53% were white. Our participants had a median of 2.83 clinic visits per year and missed 8.3% of scheduled
clinic visits. Factors associated with non-adherence to vaccination schedules included a high frequency of
missed clinic appointments (>10%), men who have sex with men, and a CD4 count <200 cells/mm?>.
Knowledge of variables associated with vaccination rates may be beneficial in identifying patients at-risk
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for under-vaccination and designing targeted education programs for providers and patients.

Introduction

Human Immunodeficiency Virus (HIV) disease progression is
characterized by a gradual decline in the number of CD4+ T
lymphocytes, eventually leading to a decline in adaptive
immune function if left untreated. As a result, people living
with HIV (PLWH) are at increased risk for many viral, bacter-
ial, and fungal infections. Accordingly, the Centers for Disease
Control and Prevention (CDC) has released a vaccination sche-
dule specific for PLWH in order to better protect this vulner-
able population against vaccine-preventable illness."

PLWH suffer more severe infections from vaccine-
preventable diseases, leading to increased morbidity and mor-
tality. Several studies have shown an increased prevalence of
Hepatitis B Virus (HBV) co-infection in PLWH, potentially
due to a common mode of transmission.””* Other studies have
shown an increase in all-cause and liver-related mortality in
patients with HIV and HBV co-infection compared to HBV
infection alone.” Additionally, a recent study investigated the
prevalence and virulence of Human Papillomavirus (HPV)
genotypes in men who have sex with men (MSM), comparing
PLWH to those without HIV.® The study revealed that MSM
PLWH experienced significantly higher rates and severity of
oral, anal, and penile HPV infection, with approximately 80%
of infections caused by genotypes protected against by the HPV

vaccination. Furthermore, a study conducted in Malawi inves-
tigated the severity and mortality of influenza infection in
PLWH compared to individuals without HIV.” HIV infection
itself was found to be a risk factor for acquiring influenza, with
PLWH experiencing increased severity of influenza infection,
requiring higher rates of hospitalization and health-care
utilization.

Several barriers exist in vaccinating PLWH. Surveys of pri-
mary care providers (PCP) reveal that many do not feel that
they possess adequate knowledge or experience to effectively
manage individuals at risk for HIV infection or patients already
living with HIV.>'® Consequently, most PLWH are co-
managed by an infectious disease or HIV specialist. With
multiple health-care providers, complex medication regimens,
and possibilities for multiple co-morbidities, lack of coordina-
tion in patient care may be one of many contributing factors to
lower rates of vaccination in this patient population. Secondly,
provider-specific barriers to vaccine schedule adherence in
PLWH include safety concerns, concerns about vaccine effi-
cacy, and reimbursement issues."' Competing provider prio-
rities during a health-care visit may be another contributing
factor.'” Lastly, patient hesitancy and lack of knowledge
regarding vaccinations remains an additional barrier to vacci-
nation. Common reasons cited for vaccine declination include
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fear of side effects, lack of concern about vaccine-preventable
disease, worry about the vaccine worsening the course of HIV
infection, and a belief that vaccination would fail due to
a compromised immune system.'>'*

Despite the increased risk for infections and the widespread
availability of vaccines, vaccination rates in PLWH remain lower
than the general population.””™"* While vaccination rates for
PLWH are well-documented, factors contributing to low vaccina-
tion are not. The aim of our study is to better understand predictor
variables and disparities in vaccination rates amongst PLWH.
Knowledge of these patient-specific variables may allow for iden-
tification of patients at-risk for under-vaccination and more tar-
geted education programs for both patients and providers.

Patients and methods

This single-center retrospective cohort study utilized the elec-
tronic health-care records (EHR) from the Nebraska Medicine/
University of Nebraska Medical Center (UNMC) HIV clinic to
explore patient-specific factors that influenced vaccination
rates in PLWH. Information from clinic records was cross-
compared with the Nebraska State Immunization Information
System (NESIIS) registry for completeness and consistency.
Inclusion criteria for the study were HIV-positive serostatus
(as documented via ICD-10 codes), greater than 19 years of age
(the age of majority in Nebraska), HIV diagnosis greater than
1 year prior to medical record search, first visit to the UNMC
HIV clinic greater than 1 year prior to medical record search
(to allow time for receipt of all eligible vaccinations), a current
patient of the UNMC HIV clinic (defined as most recent clinic
visit occurring within 1 year of medical record search), and
medically eligible to receive vaccinations. Medical eligibility for
vaccination was defined as the absence of a documented con-
traindication to receiving the individual vaccination and
absence of past severe reaction upon vaccine administration
documented in the medical record. This study was approved by
the UNMC Institutional Review Board (336-18-EP).

Vaccine adherence

The primary outcome was overall vaccination regimen adherence.
Adherence was coded in a dichotomous manner, with patients
categorized as either “Adherent” or “Non-Adherent” according to
the CDC’s 2018 recommended vaccination guidelines for PLWH.
Patients were categorized as “Adherent” if they had received all
vaccinations for which they were eligible at the time of medical
record review. Patients were categorized as “Non-Adherent” if
they were deficient or delayed in receiving one or more vaccina-
tions for which they were eligible at the time of medical record
review. A deficiency in vaccination was defined as non-receipt of
a vaccination for which the patient was eligible and delay in
vaccination was defined as the presence of at least one clinic visit
where a patient was eligible to receive a second or third dose of
a vaccine series yet did not receive the vaccine dose for any reason.

Criteria utilized to assess vaccine eligibility

The CDC’s 2018 guideline was used to assess patient eligibility to
receive each vaccine listed in Table 1. Prior to data collection,

Table 1. Vaccinations analyzed per the CDC's 2018 immunization guidelines for
PLWH.

1. HepA (Hepatitis A)

2. HepB (Hepatitis B)

3. HPV (Human Papillomavirus)

4. Influenza

5. PCV13 (Pneumococcal Conjugate)

6. PPSV23 (Pneumococcal Polysaccharide)

7. Tdap/Td (Tetanus and Diptheria, with or without acellular pertussis)
8. ZVL (Zoster Vaccine Live)

CDC = Centers for Disease Control and Prevention, PLWH = People Living with HIV

Recombinant Zoster Vaccine (RZV) and Meningococcal A, C, W,
and Y (MenACWY) were excluded from the overall adherence
analysis as these were new recommendations to the 2018 CDC
guidelines and adherence rates were expected to be lower than
other vaccinations. Traditional childhood vaccinations, such as
Measles, Mumps, Rubella (MMR), Haemophilus influenzae type
b (Hib), Varicella (Var), Inactivated Poliovirus (IPV), and
Rotavirus (RV) were not considered as this information was not
consistently documented in our databases.

Patients were designated as “Non-Adherent” for Hepatitis
B vaccine (HepB) if they did not have documented immunity via
HBV surface antibody titers (nonimmune) and did not have
documentation of receipt of a Hepatitis B-containing vaccine
series. MSM status was used to delineate eligibility for vaccination
with Hepatitis A vaccine (HepA), with MSM participants consid-
ered eligible for HepA vaccination as defined in the 2018 CDC
Immunization Guidelines. MSM patients were designated as
“Non-Adherent” if they did not have documented immunity via
HAV surface antibody titers (nonimmune) and did not have
documentation of receipt of a Hepatitis A-containing vaccine
series. Nebraska Medicine administers Havrix
(GlaxoSmithKline) as a 2-dose series with doses administered
6-12 months apart. If Twinrix (GlaxoSmithKline) was adminis-
tered (combined HepA and HepB vaccination), the 3-dose HepB
schedule (with doses at 0, 1-2 months, and 6 months) was used to
assess adherence status.

Patients could receive vaccinations from an outside provi-
der, but proper documentation was required in the EHR or
NESIIS to receive classification as “received.” Eligibility for the
remaining vaccines was determined by age and CDC-specified
criteria; the maximum number of vaccinations an individual
patient was eligible to receive was eight (Table 1). Patients were
deemed ineligible for any vaccine if they had a documented
allergy to any specific vaccination.

Patient characteristics

Patient-specific characteristics that were collected as potential
predictors for vaccine adherence included age, sex, race/ethni-
city, MSM status, number of clinic appointments within the
past year, percentage of missed clinic appointments (defined as
a “no show” for a scheduled appointment with no prior notice to
the clinic), insurance/assistance programs, distance of residence
from clinic, employment status, primary care provider hospital
affiliation, most recent CD4 cell count, and most recent HIV
RNA level. Patients were categorized as MSM if they were
assigned male sex at birth, including transgender women, and
if they had documented sexual exposures with a male listed as



a risk factor in the EHR. Non-MSM (females and males without
documented male-to-male sexual exposures) were compared to
MSM to investigate potential disparities faced by the MSM
population.

Age, number of clinic visits per year, and percentage of missed
clinic appointments were converted to dichotomous variables
based on the sample population mean/median. Percentage of
missed clinic appointments was calculated using the number of
documented “no shows” to clinic appointments divided by the
total number of clinic visits scheduled since May 2012, the date
our institution implemented the EHR, to time of medical record
review; patient or provider-canceled appointments or rescheduled
clinic visits were not counted as missed appointments. Distance of
residence from clinic was based on surrounding area geography.
Patients within 15 miles of the clinic were considered to live in the
local metropolitan area. Patients who lived 15-70 miles from
clinic were typically from a nearby metropolitan area or surround-
ing communities in Eastern Nebraska and Western Iowa. Patients
who lived greater than 70 miles from clinic generally lived in rural
communities and were considered outside of either of these two
geographic areas.

The HIV RNA level of 50 copies/mL was the chosen break-
point as this was the least sensitive lower limit of detection for
any HIV RNA test documented in the EHR. Measures above
and below 50 copies/mL corresponded to detectable and unde-
tectable HIV RNA levels, respectively. For CD4 cell count, 200
cells/mm’ was chosen to compare immunocompetent to
immunocompromised patients.

Table 2. Study population demographics.
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Statistical analysis

Patient characteristics were compared between the Adherent
and Non-Adherent groups using chi-square and independent
sample t-test. A multivariable logistic regression model was
used to identify characteristics associated with adherence.
Variables were analyzed dichotomously in order to perform
binary logistic regression. White race was compared to
Nonwhite races, with Nonwhite races grouped together given
their relatively low prevalence in the sampled population.
Multicollinearity was tested using Variance Inflation Factor
(VIF). All predictor variables were linearly independent and
the empiric model included all collected predictors; there was
not stepwise or backwards stepwise inclusion of variables.
Analyses were conducted using SAS version 9.3 (SAS
Institute, Cary, NC). P values <.05 were considered significant.

Results

Between May 14 and June 1, 2018, electronic medical records from
503 individuals were reviewed. Five hundred and two patients met
inclusion criteria; one patient was excluded due to a history of
Guillain-Barre upon past vaccination. Of the 502 patients, 206
(41%) were completely adherent to the 2018 CDC-recommended
vaccine regimen and 296 (59%) had some delay or deficiency. Of
the studied population, the mean (Standard Deviation [SD]) age
was 49 (12) years old, approximately 76% were male, 2% identified
as transgender, and 53% were white (Table 2). Patients were

Total Population Adherent Non-Adherent
Variable Value n =502; n (%) n = 206; n (%) n =296; n (%) P Value
Age, years <49 245 (48.8) 100 (48.5) 145 (49.0) .59
> 49 257 (51.2) 106 (51.5) 151 (51.0)
Sex/gender Female 112 (22.3) 50 (24.3) 62 (20.9) 37
Male 381 (75.9) 154 (74.8) 227 (76.7)
Transgender MTF 9(1.8) 2(1.0) 7 (2.4)
Race/ethnicity White 268 (53.4) 105 (51.0) 163 (55.1) <.01?
Hispanic/Latino 70 (13.9) 32 (15.5) 8 (12.8)
Black/African American 143 (28.5) 52 (25.2) 1(30.7)
American Indian/Alaskan Native 4(0.8) 2(1.0) 2(0.7)
Asian 17 3.4) 15 (7.3) 2(0.7)
MSM status® Non-MSM 231 (46.0) 110 (53.4) 121 (40.9) .01
MSM 271 (54.0) 96 (46.4) 175 (59.1)
Distance from clinic, miles <15 402 (80.1) 171 (83.0) 231 (78.0) .30
15-70 62 (12.4) 0(9.7) 42 (14.2)
> 70 38 (7.6) 5(7.3) 23 (7.8)
Number of clinic visits/year <3 255 (50.8) 105 (51.0) 150 (50.7) .95
>3 247 (49.2) 101 (49.0) 146 (49.3)
Percentage of missed clinic appointments < 10% 264 (52.6) 131 (63.6) 133 (44.9) <.01
> 10% 238 (47.4) 75 (36.4) 163 (55.1)
Employment status Unemployed 174 (34.7) 63 (30.6) 111 (37.5) a1
Employed/Retired 328 (65.3) 143 (69.4) 185 (62.5)
Insurance status and assistance programs Uninsured 37 (7.4) 17 (8.3) 20 (6.8) .25
Ever received Medicare/Medicaid 173 (34.5) 61 (29.6) 112 (37.8)
Ryan White/ADAP 204 (40.6) 87 (42.2) 117 (39.5)
Private Insurance Only 88 (17.5) 41 (19.9) 47 (15.9)
Primary care clinic UNMC HIV Clinic 152 (30.3) 63 (30.6) 89 (30.1) .61
Other UNMC Clinic 112 (22.3) 50 (24.3) 62 (20.9)
Non-UNMC Clinic 238 (47.4) 93 (45.1) 145 (49.0)
Most recent CD4 count, cells/mm? > 200 471 (93.8) 204 (99.0) 267 (90.2) <.01
<200 31 (6.2) 2 (1.0 29 (9.8)
Most recent HIV RNA level, copies/mL <50 437 (87.1) 187 (90.8) 250 (84.5) .04
> 50 65 (12.9) 19 (9.2) 46 (15.5)

Data are presented as n (%). P-values are based on univariate analysis.

Abbreviations: Transgender MTF = Transgender Male to Female; MSM = Men who have sex with men

2P-value indicates a higher percentage of Asian population in the Adherent cohort.

PMSM was used to delineate eligibility for vaccination with HepA as defined in the 2018 CDC Immunization Guidelines.
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eligible to receive a mean (SD) of 5 (1) of the eight studied
vaccinations. Our participants had a median (Interquartile Range
[IQR]) of 2.83 (2.40-3.88) clinic visits per year and missed
a median (IQR) of 8.3% (0.0-25.0%) of scheduled appointments
(calculated using number of documented “no shows” to clinic
appointments divided by the total number of clinic visits sched-
uled since EHR implementation to time of medical record review).
Statistically significant differences were noted between adherent
and non-adherent patients in terms of race/ethnicity, MSM status,
percentage of clinic visits missed, HIV RNA level, and CD4 cell
count.

In multivariable analysis, patients who identified as MSM
and who had >10% missed clinic visits were associated with
twofold lower adherence to the vaccination schedule.
Additionally, those with most recent CD4 cell count <200
cells/mm’ were approximately ninefold less likely to be up to
date on all vaccinations (Table 3). Data for adherence to indi-
vidual vaccinations are visualized in Figure 1.

Discussion

We found nearly 60% of PLWH who had been attending our
clinic for at least 1 year to have a delay or deficiency in the 2018
CDC-recommended vaccination regimen, even after excluding
two recent vaccine recommendations. Vaccination rates were
comparable to previously reported rates for HAV, HBV, and
influenza vaccination in PLWH."*"'® A previous study has
reported an association of lack of insurance coverage, low
education level, and financial stressors with decreased vaccina-
tion rates.”” Here, we identify three previously unreported
patient factors associated with vaccination non-adherence:
a high frequency of missed clinic appointments (>10%),
MSM status, and a CD4 cell count <200 cells/mm.’

Patients with a high frequency of missed clinic appoint-
ments (>10%) were less likely to receive vaccinations for
which they were eligible compared to patients who kept their
clinic appointments (missed <10% of appointments). Patients
with missed clinic appointments had a lower number of visits
to a health-care provider and fewer opportunities for vaccine
administration. An additional barrier in this subpopulation is
that the health-care provider may prioritize higher acuity med-
ical issues over vaccine administration when these patients are

Table 3. Adjusted odds ratios of non-adherence by predictor variable.

Variable Adjusted Odds Ratio (95% CI) P Value
Age > 49 years 1.28 (0.86-1.92) 23
Male sex at birth 0.78 (0.45-1.36) .38
Nonwhite race 0.87 (0.58-1.31) .50
MSM 2.03 (1.26-3.27) <.01
Distance > 15 miles 1.57 (0.95-2.58) .08
Office visits = 3 per year 1.12 (0.76-1.65) .56

( )

( )

( )

Missed appointments > 10% 2.21 (1.48-3.29 <.01
Currently employed 0.78 (0.51-1.19 25
Currently insured/receiving 1.18 (0.55-2.53 67
assistance®
PCP outside of HIV clinic 1.13 (0.90-1.41) .29
(D4 < 200 cells/mm*" 9.44 (2.14-41.57) <.01
HIV RNA > 50 copies/mL 1.30 (0.70-2.41) 40
P-values are based on multivariable logistic regression. Abbreviations:

MSM = men who have sex with men; PCP = primary care provider
“Defined as private health insurance, Medicare or Medicaid, Ryan White or ADAP
assistance, or ADAP-facilitated health insurance.
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Figure 1. Percentage of eligible patients that received each vaccine. All patients
(n = 502) were eligible for vaccination with Hepatitis B (HepB), Influenza,
Pneumococcal Conjugate (PCV13), and Tetanus, Diptheria, with/without acellular
pertussis (TDaP/TD) vaccines. The number of eligible patients for other vaccines is
as follows: Hepatitis A (HepA): 271; Human Papillomavirus (HPV): 48;
Pneumococcal Polysaccharide (PPSV23): 452; Zoster Vaccine Live (ZVL): 70.

present for scheduled visits. With competing priorities and
limited visit time, vaccines are often deferred to subsequent
visits. Our study highlights the importance of provider vigi-
lance in assessing vaccine eligibility and ensuring their admin-
istration at the earliest available opportunity.

The MSM cohort displayed greater non-adherence to the
CDC’s recommended vaccination schedule when compared to
the non-MSM cohort, representing another health disparity
faced by MSM living with HIV. This represents an important
finding as MSM living with HIV are at even greater risk for
certain vaccine-preventable disease than other individuals with
HIV. HAV, HBV, HPV, and meningococcal disease are all
more prevalent in MSM living with HIV due to transmission
risks, further highlighting the importance of vaccinations in
this patient population. Adoption of strategies to limit health
disparities in the MSM population could prove useful in
improving vaccination rates.

Our subset of patients with CD4 cell count less than 200
cells/mm” was significantly less likely to receive all vaccines for
which they were eligible compared to patients with CD4 cell
counts greater than 200 cells/mm,” even when controlling for
other studied variables. Prior to our study, Nebraska
Medicine’s clinical protocol was to delay non-live virus vacci-
nations, pneumococcal and hepatitis B vaccines specifically, in
PLWH with CD4 count <200 cells/mm® until the patients
achieved immune reconstitution (as defined by CD4 > 200
cells/mm?) to increase the likelihood of an effective vaccine
response. This delay in administration likely contributed to
lower vaccination rates in this cohort. A recent, practice-
changing study from Malawi tested the PCV7 vaccine in adults
living with HIV in a randomized, double-blind, placebo-
controlled fashion.”! The study demonstrated 74% clinical
efficacy at preventing vaccine-type invasive pneumococcal dis-
ease, with similar efficacy even among those with CD4 counts
<200 cells/mm.*> A 2014 review article on HIV vaccination
guidelines concluded patients living with HIV should be vac-
cinated with PCV regardless of the CD4 count.”” In contrast to
the 2018 European AIDS Clinical Society (EACS) guidelines,*
CDC recommendations for other non-live virus vaccinations



also recommend earlier vaccination in PLWH, regardless of
CD4 count. Earlier vaccination also provides protection to
patients at-risk for missed clinic appointments and those that
are lost to follow-up. These factors support the utility of earlier
vaccination in PLWH with low CD4 counts, despite historic
provider concerns that these patients may not mount as effec-
tive of an immune response to vaccination. We suggest earlier
vaccination, when clinically appropriate, and periodically reas-
sessing local clinical protocols to ensure they reflect the most
up to date recommendations in the vaccination guidelines and
most recent literature.

Our single-center, retrospective study has limitations which
must be considered. Patient deaths or transfers of HIV-specific
care to outside facilities during the study period may have
contributed to lower vaccination rates if this information was
not recorded in the EHR. Information on provider-offered and
patient-declined vaccinations, vaccine coverage by individual
insurance plans, and availability of specific vaccines within the
clinic at each time-point was not consistently available.
Furthermore, not all insurances covered all recommended vac-
cines for clinic administration and may account for some degree
of nonadherence. These patients may have received these vac-
cines at outside facilities (community pharmacies) and this
documentation would have been captured in the Nebraska
State Immunization Information System (NESIIS) if the outside
facility was registered with NESIIS. Additionally, a large propor-
tion of our patient population received support from the Ryan
White HIV/AIDS Program, which covers all recommended
vaccines. Nevertheless, true vaccination rates may be higher
than depicted due to the retrospective nature of the study and
limitations of the electronic health record.

PLWH remain disproportionately susceptible to vaccine-
preventable illnesses compared to the general population, how-
ever, factors influencing vaccination rates in PLWH have been
infrequently reported. Our study reveals that a high percentage
of missed clinic appointments (>10%), MSM status, and CD4
cell counts <200 cells/mm’ were associated with decreased
vaccination rates in PLWH. Awareness of these patient-
specific variables, combined with knowledge of local clinical
vaccination protocols, may be important in identifying patients
at risk for under-vaccination and provide for targeted educa-
tion programs for both providers and patients.
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