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SIGNIFICANT FINDINGS

The studies supported by this grant have advanced the understanding of factors
influencing the delivery of hepatitis B vaccine (HBV) to health care workers in community health
care facilities. Institutional levels of HBV vaccine protection among all occupational groups at
risk in lowa hospitals have significantly increased since the publication of the Occupational
Health and Safety Administration’s (OSHA’s) Bloodborne Pathogens Rule (BPR).(1)
Importantly, these studies demonstrate that both institutional-leve! variables, as well as worker-
leve! variables, are important in health care workers' acceptance of the HBV vaccine.
Additionally, these studies suggest that modifiable aspects of institutional occupational health
programs may increase the effectiveness of immunization programs for hospital-based workers.

Data from this research demonstrate that in early 1992, prior to when OSHA's BPR
became enforceable in July 1992, institutiona! levels of vaccine acceptance in lowa hospitals
were related primarily to three faciors: composition of the workforce, management support, and
reguirement of vaccine receipt for employment. Management suppori was an important
determinant, both in terms of the active encouragement of vaccination by clinical leaders,
particularly by the chief of staff, and the personal receipt of HBV vaccination by leaders
themselves.

The document “Healthy People 2000: National Health Promotion and Disease
Prevention Objectives” identified a goal of reaching institutional levels of 80% or more workers
vaccinated against HBV of those at risk in health care facilities.(2) This target was
operationalized for this research as an institutional measure of program effectiveness for
community hospital worker HBV vaccination programs. Whereas a number of health care
facilities have achieved these levels of vaccination against HBV among certain occupational
groups at risk, the majority of facilities have not been able to protect all groups at risk. In this
study, levels of vaccination in lowa and Virginia health care facilities were highest among
laboratory workers and lowest among physicians and housekeepers. The most important
factors associated with achievement of this target rate of vaccine acceptance within workers
overall within lowa institutions included: the baseline institutiona! vaccination rate, location in a
rural area, and active encouragement by clinica! leaders.

Separate logistic regression models were developed to identify institutional
organizational and program factors associated with achievement of this leve! of HBV
vaccination within different occupational groups of workers in all participating hospitals (N =
180) in lowa and Virginia. Characteristics of effective hospital programs to vaccinate registered
nurses included those with fewer outpatient visits, use of an invitation letter to offer the vaccine,
a reminder letter to complete the series, and receipt of HBV vaccination by clinical leaders.
Factors independently associated with achievement of the target rate among other nursing
personne! included: provision of vaccine at the worksite, active encouragement of vaccination
by the clinical leaders, receipt of the vaccine by clinical leaders, and ongoing standard
precautions compliance monitoring by coworkers and others. The model predicting facilities
achieving the target rate among laboratory workers identified similar factors: provision of
vaccine at the worksite, ongoing standard precautions compliance monitoring, and lower levels
of facility complexity.

Worker leve! data also demonstrate that the determinants of HBV vaccine acceptance
vary among different occupational groups of health care workers. Putative reasons for health
care workers to either receive or refuse the hepatitis B vaccine were examined using factor
analysis. ldentified factors among those receiving one or more dose of the vaccine included:
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social influence (recommendation of physicians, supervisors, role models, friends and spouse)
and knowledge of the disease and vaccine. In contrast, refusal was primarily related to concern
about vaccine side effects and problems with vaccine access. Separate logistic regression
models were developed and validated to identify independent predictors of initiating (1 or more
doses) or completing (3 or more doses) the vaccine series. Independent predictors of initiating
the series included younger age, occupation, increased blood exposure frequency, and
increased frequency of recent influenza vaccination. Occupation (increased acceptance among
housestaff, nurses, nursing assistants, laboratory technicians), increased frequency of blood
exposure, and recent influenza vaccination were also predictors of series completion.

USEFULNESS OF FINDINGS

These data demonstrate the importance of management commitment and support of an
occupational health program within community health care facilities to protect workers through
vaccination from a major work-related hazard, such as hepatitis B infection. They suggest that
interventions targeted at management within health care institutions may be a part:cu!ariy
effective approach to impacting the health and safety*of workers.

Knowledge of health care level factors such as occupation, blood exposure frequency
and acceptance of other preventive services may help identify health care worker groups with
low vaccine acceptance most likely to benefit from targeted vaccine delivery. Hepatitis B
vaccine should be offered routinely during evaluation for occupationa! blood exposure. Future
vaccine implementation efforts should emphasize the involvement of physicians and
supervisors and education about occupational disease risk, as well as the reliability and safety
of the vaccine.

Institutional level program factors that may be particularly effective include the use of an
invitation letter to initiaﬂy offer the vaccine, a reminder letter to complete the series, and
provision of vaccine at the worksite. These studies demonstrate that it is important to obtain
the active involvement and support of clinical and opinion leaders within the institution in the
vaccine delivery program. Additionally, ongoing monitoring of standard precautions (SP)
compliance by coworkers and others appears to be an important marker of an effective
institutiona! occupational health program for health care workers.

This project also identified a number of areas of nesded improvement within health care
facility occupational health programs. Many health care facilities have only rudimentary
surveillance programs to identify clusters or an increased incidence of occupationa! exposure,
illnesses or injuries. Improved electronic databases are neseded within health care facilities to
allow the ready retlrieval of data related to preventive health measures delivered and the
occupationa! exposures of health care workers. Only through active prospective surveillance
using standard definitions of outcomes and exposures is it likely that health care institutions will
be able to identify potential problem areas and optimally protect their workers. The Centers for
Disease Control and Prevention (CDC) has begun to address this need through its
development and pilot testing of the Nationa! Surveillance System for Hospital Healthcare
Workers (NaSH). However, in this era of increased development of health care systems, rapid
penetration of managed care into most markets; and the rapid reorganization and downsizing of
community hospitals, the occupational health program within many facilities should be
considered particularly at risk. Finally, as with many other occupationa! health programs,
further study is needed to determine how best to implement vaccine delivery to workers within
health care institutions, and how to optimally protect them from occupationa!l exposure to
infectious pathogens.
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ABSTRACT

The overall goal of this project was to evaluate the distribution and determinants of
hepatitis B vaccine use and compliance in community hospitals and health care facilities and
among health care workers. This study was designed to identify institutional, occupational and
behavioral variables among health care workers that impact their practice of effective
preventive health measures, using receipt of the hepatitis B virus (HBV) vaccine as the
paradigm.

The health care facilities studied include the hospitals and chronic care facilities in lowa
in the lowa Statewide Surveillance System (ISSS) and hospitals in Virginia. Two cross-
sectiona! surveys of lowa health care institutions were periormed at baseline in early 1892 and
2.5 years later to define the rates and distribution of hepatitis B vaccine compliance prior to and
following the implementation of OSHA's Bloodborne Pathogens Rule. A total of 141 ISSS
facilities (94% participation) were surveyed just after OSHA's Draft-Bloodborne Pathogens Ruls
(BPR) was published to determine mean institutional vaccination rates (IVR) in different
occupational groups at baseline. Institutiona! HBV vaccine delivery program ¢haracteristics
were categorized according to survey responses of infection contro! and occupational health
personne! at the selected facilities. Data from the American Hospital Association's (AHA)
Guide were incorporated to assess community and institutional health care organizational
characteristics. Subsequently, data were collected from the same sample of facilities to
evaluate changes in programs, institutional vaccination rates and examine the effect of OSHA's
mandate. Additionally, identical data were collected from a sample of unstudied hospitals in
Virginia. Multivariate statistical models were developed to identify organizational and program
characteristics of effective vaccine delivery programs.

A random sample of 1018 health care workers at risk of occupational exposure to blood
and body fluids, stretified by occupation, were surveyed to identify factors independently
related to HBV vaccine refusal or acceptance. Multivariate statistical models were developed
and validated to identify occupational and behavioral characteristics associated with initiation or
completion of the vaccine series.

Vaccine implementation programs differed in terms of measured program characteristics
by size of the institution and location (urban versus a rural county). Multiple linear regression
analysis was used to identify factors associated with the institutiona! vaccination rate (IVR) at
baseline in lowa health care facilities. Several variables, including active encouragement and
participation in vaccination by clinical leaders, the proportion of registered nurses in the
workforce, and a requirement that employees receive the HBV vaccine for employment were
independently associated with the IVR. The frequency of educationa! programs regarding HBV
was of borderiine significance. '

A multivariate linear regression mode! was developed to identify institutional and
program factors associated with the IVR in lowa facilities at follow-up. This model
demonstrated the importance of workforce related factors (proportion of registered nurses,
change in the proportion of laboratory workers), as well as program factors (provision of the
vaccine at the worksite and at mestings, and the baseline rate of vaccination within the
institution) in influencing the HBV IVR.

A multiple logistic regression mode! was developed to identify the most important factors
associated with achievermnent of a target summary rate of HBV vaccine acceptance of 90% or
greater among all workers. Those factors independently related to the summary IVR included:
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the baseline vaccination rate within the institution, Iocaﬁon in a rural area, and active
encouragement of vaccination by the nursing director.

At the individual worker leve!, HBV vaccine receipt was strongly related to social
influence (physicians, supervisors, role models, friends and spouse) although perceived risks
and knowledge of the disease were also important. Among those workers remaining
unvaccinated, concern about side effects of the vaccine, knowledge of the disease and their
own risk, and access to the vaccine were the major factors identified.

Fifty-four percent (482 of 898) of previously non-immune workers had completed the
series, while 70% (626) had received one or more doses. The most important independent
predictors of HBV vaccination among individual health care workers included occupation,
frequency of mucocutaneous blood exposure, prior influenza vaccination, and age.
Independent predictors of initiating the vaccine series included younger age (OR = 0.98 per
year, Clg; = 0.96-0.897), occupation (housestaff OR = 2.9, Clgs = 1.1-7.9 and nurses OR=2.1,
Cles = 1.0-4.3 versus housekeepers), increased blood exposure frequency (OR =24, Clg; =
1.6-3.5 for 1-6 vs. 0 exposures in past year), and increased frequency of recent influenza
- vaccination (OR = 3.3, Clgs = 2.0-5.3 for 1 vs. 0 doses in prior 3 years). Occupation (increased
acceptance among housestaff, nurses, nursing assistants, laboratory technicians), increased
frequency of blood exposure, and recent influenza vaccination were also independent
predictors of HBV vaccine series completion.

BODY OF REPORT

Background

Hepatitis B is one of the most important causes of chronic viral infection worldwide.(3) In
the United States, the reporied rate of hepatitis B has declined by over half since 1887,
presumably due to improved blood-screening procedures, the availability of virus inactivated
blood components, increased use of isolation materials and standard precautions, and due to
vaccination programs.(4) However, transmission of hepatitis B in the hezlth care setiing
continues to occur.(5)

Hepatitis B infection remains a major cause of occupational disease among health care
workers,(6-9) and occasionally of transmission from an infected health care provider to
patients.(10) The incidence of new definite HBV infections is 1.0% per year among susceptible
health care workers with frequent blood contact versus none in those with limited blood
contact.(11) Freguency, rather than duration of exposure to blood, appears to be the most
" important factor in the development of occupational HBV infection.(11) Hepatitis B vaccination
is a routinely recommended measure to protect health care workers from occupational
infection.(12-14) It has become well accepted that health care institutions have a responsibility
to vaccinate their workers against HBV.(15) However, implementation of immunization
programs for health care workers have differed widely.(16)

Despite the frequency of the infection in hemodialysis centers, only 20% of patients and
58% of dialysis staff responding to the most recent national survey had measurable protective
antibody.(17) In a study of Brilish genera! practitioners, only 48% had begun or completed the
series, even though the majority (88%) believed that they should be vaccinated.(18) Similarly,
only 25% of nurses and 42% of physicians in another survey had been vaccinated.(19)

Health care worker acceptance of the hepatitis B vaccine in most studies has ranged
from 25-50%.(18-22) Up to three-fourths of hospital workers in certain clinica! settings or
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endemic areas have received the vaccine.(23-268) However, up to one-half of North American
surgeons currently remain unprotected.(27) Low rates of vaccine acceptance are difficult to
comprehend, given the availability of a safe, effective vaccine since 1981.(28-32) Given
changes in the epidemiology of hepatitis B infection in the U.S,, it has been suggested that
changes are nesded in vaccination strategiss for the disease.(33; 34)

Although a leve! of 0% hepatitis B vaccination among health care workers has bean
identified as an important public health goal,(2) it is unclear whether and exactly how that targst
may actually be achieved. The Occupationa! Safety and Health Administration (OSHA)
published the Draft Bloodborne Pathogens Rule (BPR) in Decemnber 1991, which became
enforceable in July 1892, mandating education about the vaccine, bloodborne pathogens
training and offering the HBV vaccine to all workers occupationally-exposed to blood.(1)

The determinants of HBV vaccine use among U.S. health care providers are not well
understood. Various reasons have been suggested for health care workers' failure to receive
the HBV vaccine, including fear of side effects, availability and cost.(18; 23; 24;.35-37) Most
published work to date studying HBV vaccine delivery to health care workers has been
descriptive and involved single institutions. However, the determinants of HBV vaccine
acceptance are likely to be complex. These determinants are likely to change over time as data
have accumulated regarding the safety of the vaccine. Changes in health care regulations,
organizational factors and management influences are likely to afiect these determinants.
Importantly, multivariate statistical techniques have been used infrequently to examine the
determinants of HBV vaccine acceptance among health care workers or within a range of
institutions. C

Health care institutions utilize markedly difierent occupational health programs,
particularly approaches to HBV vaccination implementation. Differences in these approaches
were hypothesized to be directly related to the effectiveness of a given vaccination program.
The investigators hypothesized that determinants of institutional hepatitis B vaccine compliance
rates included role mode! behavior, access to vaccination, characteristics of the bloodborne
pathogens educational program, and implementation of OSHA’s BPR. Individua! health care
worker vaccination was hypothesized to be related to age, occupation, sharps exposure,
exposure to blood, experience with hepatitis B, and personal attitudes and beliefs. Further, it
was hypothesized that universal (now standard) precautions training and vaccine
implementation mandated by OSHA could indirectly increase the effectiveness of other aspects
of the occupationa! health program within a facility.

The overall goal of this study was to begin to characterize the effects of selscted
institutiona! and individua! determinants of HBV vaccine acceptance in order to facilitate
provision of the vaccine. This project examined individual health care worker factors, as well as
institutiona! factors which were thought both to be imporiant in the individual's decision to be
vaccinated and to use other protective health measures. The long-range goa! of the project
was to potentially help prevent HBV infection and disease among health care workers and their
patients.

Specific Aims

The following specific aims were addressed by this study:

1. To comnpare the relative efficacy of different vaccine implementation approaches, and to
identify the most effective programs in different institutional settings;
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2. To categorize levels of compliance with OSHA's Bloodborne Pathogens Rule and
determine their effect on vaccine compliance and the frequency of occupational
exposures to blood, sharps and tuberculosis;

To determine the effect of repeated educational programs on vaccine compliance;

To evaluate the relative importance of institutional organizational and program factors in
determining levels of hepatitis B vaccine accepiance among workers;

5. To determine whether institutional levels of compliance with standard precautioné is
related to institutional rates of HBV vaccination;

6. To examine the importance of individua! predictors of the acceptance of hepatitis B
vaccine by workers.

Hypotheses:

Prior to data collection, we hypothesized that institutional occupational health programs
varied in terms of their approaches to HBV vaccine delivery. Further, we proposed that certain
characteristics of these different programs would be responsible for more effective vaccine
delivery and thus be related to higher institutional vaccination rates. The components of the
institutional vaccine delivery program that we hypothesized to be most likely related to
effectiveness included: involvement and support of clinical leaders, access to the vaceing, and
specific program compenents, such as follow-up. We expected that factors such as the type of
educational program, and experience with pataents with hepatitis B would be relatively
unimportant. '

Further, we hypothesized that facility organizationa! characteristics, such as the size of
the facility, payroll, and institutional complexity in terms of services provided at a facility would
be directly related to the IVR at the facility. In particular, we hypothesized that larger facilities
in metropolitan areas would have higher rates of HBV immunization among their workers than
in smaller, rural facilities. We also expected that there would be litlle or no difference between
programs in lowa and Virginia.

We assumed that implementation of OSHA’s BPR would be associated with a
significant improvement in the levels of HBV vaccine acceptance among facilities. It was
hypothesized that variation in the implementation of each of the components of the BPR would
be associated with differences in the IVR when reassessed several years later. Further, we
hypothesized that compliance with aspects of the BPR directly related to HBV vaccine delivery,
particularly offering the vaccine to all workers and obtaining signed declination waivers of the
vaccine, would be particularly effective components.
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The following specific hypotheses were developed:

1.A. Institutional occupational health programs vary in terms of their approaches to hepatitis
B vaccine delivery;

1.B.  Characteristics of these programs, particularly involvement and support of clinical
leaders, access to the vaccine, and specific program components, such as follow-up
are associated with higher rates of hepatitis B vaccine acceptance in health care
facilities.

2. High levels of compliance with OSHA's Bloodborne Pathogens Rule is directly related to
levels of hepatitis B vaccine acceptance among Workers;

3. Repeated educational programs have relatively litile effect on vaccine acceptance;

Program factors are relatively more important than institutional organizational
characteristics in determining levels of hepatitis B vaccine acceptance among workers;

5. Institutional levels of compliance with umversa! precautions are unrelated to institutional
rates of HBV vaccination; /

6. Individual workers who are younger, have more exposure to blood and body fluids, and
more often directly handle sharps devices will have higher rates of acceptance of
hepatitis B vaccine than other workers without these factors.

Procedures and Methodology

The overall goal of this study was to evaluate the distribution and determinants of
hepatitis B (HBV) vaccine use and acceptance in lowa hospitals and among lowa health care
workers. The overall study design involved cross-sectional instifutional surveys in lowa at
baseline and 2.5 years later, surveys of Virginia health care facilities, and individual worker
surveys (Table 1). The health care facilities studied include the hospitals and the largest
chronic care facilities in lowa in the lowa Statewide Surveillance System (ISSS). Heslth care
facilities in the ISSS are represented by trained infection control practitioners (ICPs) who
perform ongoing surveillance at their facilities and participate in statewide biannual mestings
and continuing education in infection contro! and occupational ilinesses of health care workers.

A total of 141 ISSS facilities were surveyed in early 1992 prior to OSHA's Bloodbormne
Pathogens Rule (BPR) becoming enforceable to determine mean institutional vaccination rates
(IVR) in different occupational groups. Data from the same institutions were collected again
two and one-half years afier the initial survey. This survey was timed to provide an
assessment of the effect of the implementation and enforcement of OSHA’s BPR Rule on the
same institutions. A third sample of ICPs at hospitals in Virginia were surveyed with the same
instrument in 1895 in order to allow assessments within different occupational groups, make
geographic and health system comparisons, as well as to provide a sample to confirm the
results obtained from facilities in lowa.

Finally, a stratified random sample of 1018 health care workers at risk for occupational
blood exposure at a university hospital were surveyed via a mail-out survey. Potential reasons
for vaccine acceptance or refusal were evaluated with factor analysis. Logistic regression
models were calibrated on a stratified random subsample to identify independent predictors of
initiating and completing the series, then validated on the remaining subjects.
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Baseline Institutional Study:

A questionnaire regarding institutiona! and program characteristics was developed
based on the published scientific literature and interviews with health care workers, health care
managers, infection control practitioners and other experts at different institutions. An
additional instrument was developed to assess compliance with specific aspects of OSHA's
Bioodborne Pathogens Rule. The instruments used are described below.

The draft instrument was pretested in a sample of experienced infection control -
practitioners, and revised based on their input. The final guestionnaire was sent to infection
contro! practitioners at the 141 hospitals and largest chronic care facilities in the existing lowa
Statewide Surveillance System. A cover letier accompanied the survey and letter from the
Director of the lowa Depariment of Public Health, Mr. Christopher Atchison, requesting
pariicipation. Two additional mailings of a cover letter and the survey instrument were sent to
non-responding subjects at approximately one-month intervals. Individuals failing to respond to
the third request or those providing incomplete or contradictory data were contacted by
telephone to complete the questionnaire. ,

The institutional spectrum of methods of vaccine implementation (specific aim 1),
compliance with the components of the Bloodborne Pathogens Rule (specific aim 2), as well as
the number of times each approach was used (e.g., effect of repeated educational
interventions, specific aim 3), was requested from each institution. Repeated institutiona!
assessments in the hospitals in the Statewide Systermn were performed approximately 30
months after the initial survey to identify any changes in the vaccine implementation programs
at a given institution in response to OSHA's mandate. Programs were classified into
categories of responsiveness based upon the number of changes madse in the vaccine
implementation program compared to the program characteristics at baseline. This
categorization was performed in relation to the changes made by all other programs in the
given institution's category (acute hospital versus chronic care facility).

This longitudinal study design was periormed to allow identification of institutions with
significant increases in the rates of health care worker vaccination, presumably representing
those health care facilities with effective vaccine implementation programs. Linear and logistic
regression were performed to develop multivariate models to identify variables associated with
institutional HBV vaccination rates.

Follow-up Institutional Study:

A second “follow-up” survey was performed to provide an assessment of the effect of

* the implementation and enforcement of OSHA's BPR on the same institutions. The same
institutions in the ISSS were surveyed again in late 1894 and early 1985, approximately two
and one-half years after the initial survey. The survey used was similar to the original baseline
survey, with a few modifications, based on the experience with the baseline survey. Three
facilities either had merged or had closed in the interval, leaving a denominator of 138. Thus,
138 institutions were contacted in this second survey. The same survey methods were used
that had been previously employed in the baseline survey.

Validation Study:

A third survey of hospitals in Virginia was periormed in 1995 to determine whether there
were important geographica! or system differences in institutiona!l HBV vaccine delivery
programs and expand the sample size of institutional data. This survey included cover letters
of support from Dr. Barry Farr, Hospita! Epidemiologist at the University of Virginia, and Dr.
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Richard Wenze!, formerly Hospital Epidemiologist at the University of Virginia.(38) The same
institutional questionnaire used in the study of lowa health care facilities described earlier was
sent to infection contro! practitioners at hospitals in Virginia for completion.

Two repeat mailings of the institutional survey were performed as previously described
for the lowa facilities. Institutions not returning the validation questionnaire were contacted by
telephone to complete the questionnaire.

Health Care Worker Study:

The objectives of the health care worker study were to test the statistical associations
between putative determinants of vaccine acceptance and actual vaccination, as well as to
model the independent associations between the study variables and vaccine acceptance.
The University of lowa Hospitals and Clinics (UIHC) is a 900 bed referral hospital located in a
community of approximately 60,000 inhabitants, with an additional 40,000 persons located in
the surrounding county. The UIHC is the only tertiary referral hospita! in the state and serves
lowa, eastern lllincis, and the surrounding region. It is affiliated with the University of lowa, a
state university with approximately 27,000 students, and 11,200 faculty and staﬁ" The HBV
vaccine has been provided at no cost to occupationally-exposed employees at the medical
center in the employee health clinic since it first became available. The vaccine has been
offered at the initial employment visit, during evaluation for occupational injury, and at request.
However, concentrated efforis to increase compliance with the vaccine had not been
implemented prior to the current study. :

Data Sources:
Institutional Questionnaires:

Vaccine program characteristics of potential interest (Table 2) explored in the
questionnaire included: clinical leader involvement, educational program, access to the
vaccine, provision at the work site and departmental mestings, leadership support,
employment requirement, vaccination follow-up, serologic response approach and avaﬂabmty
of vaccination records, e.g., whether records are computerized. The protocols in place for
management of sharps injuries and blood exposures were also considered as potentially
important aspects, since the vaccine is ofien given during evaluation for percutaneous injury.
Other items that were included to assess for evidence of an exposure relationship between
frequency and effectiveness were the frequency of periodic review of employse vaccination
status, the frequency of periodic reminders to be vaccinated, and the frequency of continuing
education programs on HBV vaccination. The role of management commitment for the
program was assessed through items addressing the involvement of clinical leaders in the
program, their active encouragement of vaccination, whether supervisors approach individual
workers about vaccine acceptance, and the vaccination status of specific clinical leaders.
Other facility-leve! organizational and management factor items obtained in the survey included
workforce data for different provider groups, and facility and community characteristics.

OSHA Bloodborne Pathogens Compliance Questionnaire:

An OSHA Bloodborne Pathogens Compliance Questionnaire was developed Tor the
purposes of this study, based upon key components (ses Table 2) identified by the American
Hospital Association (AHA) from the OSHA's Fina! Bloodborne Pathogens Standard. Selected
components of the BPR Standard were abstracted from the AHA Compliance Guide and
developed into a 88-item questionnaire. Each item involved Likeri-type responses regarding
the respondent’s confidence whether a particular component has been implemented at their
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facility or not, on a scale from 0 = “not at all confident’ to 3 = “very confident”. These data were
obtained from lowa facilities at the baseline assessment.

American Hospital Association Dzata:

Data from the AHA Guide were obtained for the purposes of further describing the
organizationa! characteristics of hospitals in each of the facilities. Data available in the AHA
Guide included classification codes, utilization data, expense, personnel, approval and facility
codes. Classification codes included control (government, non-federal; non-governmental not
for profit; investor-owned [for profit]; government, federal; and osteopathic); type of service
(general medical and surgical; psychiatric; children’s; etc.); and stay (shori-term, long-term).
Approval codes included whether the facility had received Joint Commission on Accreditation
of Health care Organizations (JCAHO), approval to participate in residency training by the
Accreditation Council on Graduate Medical Education (ACGME), and medica! schoo! affiliation
reported to the American Medical Association (AMA). Data on the health care system included
whether the institution belonged to a specific health care system. Beginning with the 1995-98
AHA Guide, data on physician practice organization codes were available, including: Closed
Physician Hospital Organization, Open Physician Hospita! Organization Equity Model,
Foundation, Group Practice without walls, Independent Practice Organization (IPA), and
Multispecialty Organization (MSO).

Facility codes regarding services available within the facilities as reported by the
institutions were reviewed by the investigators and considered if they represented
characteristics of facilities likely either related to the occupational health program or likelihood
of workers’ exposure to blood or body fluids. The mast common physician practice types in
lowa included: an integrated salary model, foundation, Open PHO, and IPA. Data from the
respective AHA Guides corresponding to the time periods of each of the surveys were entered
into databases for further analyses.

Health Caye Worker Questionnaire:

A mail-out questionnaire was developed to assess occupational exposures,
epidemiologic risk factors, selected preventive health measures, and reasons for vaccination
based upon risk factors identified or suggested in the literature. Prior to data collection, the
study design, cover letter and questionnaire were reviewed and approved by the Institutional
Review Board. The questionnaire was pilot tested on a sample of health care worker
volunteers, reviewed for clarity, revised and tested again.

A random sample of health care workers stratified by occupation was selected from
employment rolls, with the sample drawn in proportion to the occupational distribution at the
facility. The occupational strata were: resident physicians, staff physicians, nurses, laboratory
workers, housekeepers, and other workers. The sample comprised approximately 17% of the
workers considered at risk for exposure to blood and body fiuids according to OSHA guidelines
prior to initiation of OSHA's mandated bloodborne pathogens training.(1) A cover letter
explaining the project and measures taken to protect confidentiality was mailed with the
questionnaire. The survey was completed anonymously with individual questionnaires
identified only by a code number.’ Two repeat mailings were performed at three wesk intervals
to improve the response rate.

Demographic data were collected regarding occupation, age, sex, and primary work
site. Workers were asked to estimate the number of separate needle or sharps (percutaneous)
injuries, and the number of times blood contacted their skin or mucous membranes
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(mucocutaneous) in the prior year. The number of influenza vaccine doses received in the
prior three years was queried, as an indicator of voluntary vaccine acceptance. Subjects were
also asked to indicate their frequency of seatbelt use when driving or riding in a car. Since
seatbelt use is legally required in lowa, this item reflected accepiance of a legally mandated
preventive health measure. Health care workers were asked whether they had a prior history
of HBV infection and were already immune, as well as the number of doses of HBV vaccine
received. Serologic testing was not performed routinely prior to this study unless the worker
reporied a history of clinical hepatitis or testing was otherwise clinically indicated. '

Medical and other health sciences students were not included in the sample, unless
they were paid employees of the hospital at the time of the survey. Motivation for HBV vaccine
acceptance by medical and physician assistant students was examined in a separate
study.(39) Preventive health measures use and motivation for vaccine acceptance among
these students has been contrasted with resident and staff physician data from the current
survey and reporied elsewhere.(39)

A 13-item HBV vaccine acceptance scale and a 15-item vaccine refusal scale were
developed, based upon the medical literature, a focus group of health care woerkers and from
pilot testing of the study questionnaire. Workers were asked to rate the relative imporiance of
each item on a 7-point Likert scale, with response options ranging from "Not Important” (1) to
"Very Imporiant” (7). Subjects were instructed to complete all items that they felt explained
their current hepatitis B vaccination status and intent to be vaccinated (either unvaccinated (i.e.
“have niot been or do not plan to gst vaccmated”) or vaccinated (*have received or are in the
process of receiving the vaccing”)).

Statistical Analysis:
Institutional Data

Institutiona! hepatitis B vaccine delivery program effectiveness was modeled based
upcn institutiona! hepatitis B vaccine acceptance rates at baseline and at follow-up. Additional
multivariate models were developed to identify factors associated with significant changes in
the institutional vaccination rate (IVR) over time, among those institutions participating in the
baseline and follow-up surveys. Finally, a multiple logistic regression mode! was developed to
identify factors associated with achieving an overall HBV IVR of 80% or greater, the level
identified as a target for health care facilities in Healthy People 2600.(2)

Descriptive Analysis of Facility Characteristics

Descriptive information was generated in order to determine whether the characteristics
of participating hospitals differed significantly from all lowa and Virginia hospitals represented
in the AHA surveys. The distributions of continuous variables were assessed for normality.
The Wilcoxon rank sum test was used to compare the means of continuous variables in the
two populations. For binary variables, differences in group proportions were evaluated using
Fisher's exact test. All data management and statistical analyses were performed in SAS
(SAS Institute, Cary, NC). Alpha was set at 0.05 and all p-values were two-tailed.

Analysis of Overall Institutional Vaccination Rates

The primary outcome variables were the overall institutional hepatitis B vaccination rate
(IVR) among employees in each survey. This overall IVR was constructed as a weighted
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average of rates among nursing staff, housekeepers, and lab workers, which was considersd
as a continuous response variable.

Categorical variables were recoded into sets of binary indicator variables. The
appropriate scaling of continuous variables was performed by recoding into risk guartiles to
assess the relationship with the outcome variable. Continuous variables were assessed for
linear and quadratic relationships with the outcormne variable, and transformed as necessary.
The effect of extreme values and outliers was assessed as described elsewhere.

Univariate descriptive statistics and assessment of simple relationships among the
model components were performed. Correlations between the IVR and facility organizational
and program characteristics were evaluated with Pearson or Spearman rank correlation
coefficients as appropriate.

Multivariate linear regression models were developed to identify important institutiona!
determinants of the IVR at baseline and at follow-up. All variables associated with the IVR
(p<0.25) were considered as candidate variables for the initial model. Mode! building was
performed, based upon theoretical relationships between the components and the ouicome
variables. Assessment for collinearity was performed and highly collinear variables eliminated.
All multivariate models developed for this project were examined for goodness of fit, assessed
for the influence of outliers and theoretically important interactions were considered. Alpha
was set routinely at 0.05 and all p-values were two-tailed, unless otherwise noted.

Baseline Overall Institutional Vaccination Rates

Univariate analyses of the 1982 data utilized simple linear regression, with an alpha
leve! (p<0.01) chosen to adjust for multiple comparisons. Multivariable analyses involved
multiple linear regression, with the dependent variable the overall HBV IVR. Only variables
associated with the IVR at univariate p-values <0.25 were considered in constructing the
model. The final mode! was selected using forward and backward stepwise procedures. The
importance of each variable in the mode! was verified by evaluation of the Wald statistic for the
variable and the global F statistic, assessment of the effect on the mode! coefficient of
variation, and comparison of each estimated coefficient with the coefficient from the previous
mode! in the stepwise analysis.

For backward stepwise variable selection, variables that did not significantly improve
the fit of the model! using the likelihood ratio test at p<0.10 were removed and the models
reestimated. Inclusion of previously removed variables was considered at each step. If the
variable did not significantly improve the fit of the mode! using the likelihood ratio test at
p<0.10, the variable remained excluded.

For the forward stepwise variable selection procedure, variables that did not
significantly improve the fit of the model using the likelihood ratio test at p<0.10 were not added
to the model. Exclusion of previously included variables was considered at each step.
Variables that based on the likelihood ratio test at p<0.10 did not significantly improve the fit of
the mode! were removed, and the models resstimated until a final parsimonious mode! was
obtained.

Change in Overall Institutiona! Vaccination Rates

A multivariable model was developed among those lowa facilities providing data at the
baseline and follow-up surveys to assess changes in the overall IVR at those facilities. Both
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baseline (1982-based) variables and those variables demonstrating changes in program or
institutional factors over the 2.5 year follow-up period were considered in analyses of the
change in vaccination rates over time. Afier careful consideration of a variety of measures,
one observation in the follow-up data was a misreporied value and was discarded. The
analyses of these data were conducted similarly to those of the baseline data. Howsver,
residual normality was unsatisfactory for ceriain variables in these analyses, so the mode!s
were retested using robust regression procedures (Stata Inc.). Appropriate first-order
[interaction terms were considered for inclusion in the models. All p-values reported were two-
tailed.

Overall institutional Vaccination Rates

Data from the follow-up survey were analyzed by developing a logistic regression mode!
to identify factors associated with whether an institution achieved an overall HBV IVR of 80%
or greater among workers at risk. Utilizing the methods of Hosmer and Lemeshow, mode!
building was performed using a forward step-wise procedure with iriclusion and exclusion p-
values of 0.15.(40) Al clinically relevant one-way interactions were considered for evidence of
importarii effect modifiers. Only terms with p-values < 0.05 were included in the final modsls.
The magnitudes of the effects were expressed as odds ratios in the final logistic models. The
periormance of each of the logistic mode!s was evaluated using the Hosmer Lemeshow
goodness of fit statistic (as a measure of mode! calibration) (41; 42) and the c-statistic (as a
measure of mode! discrimination).(43)

Analysis of Program Effectivensss Factors

Multiple logistic regression models were developed to identify characteristics associated
with achieving HBV institutiona! vaccination rates (IVR) of 80% or greater. Models were
constructed separately for RNs, LPNs/NAs, and laboratory workers. Data coliected from 190
health care facilities in lowa and Virginia were used in the analyses (N,,=120, N,=70).

Univariate logistic regression analyses were completed for each occupational group
using both institutional survey and AHA data. The dependent variable was dichotomized to
reflect the binary outcome of interest. Categorical variables were coded using the appropriate
number of design variables. The relationship between each of the continuous covariates and
the logit was evaluated for linearity. Quadratic terms were created when necessary.

Characteristics at least moderately associated with HBV IVRs of 90% or greater (p<
0.25) were grouped according to theoretical relationships among the institutional factors of
interest. Multiple logistic regression models were then individually constructed for each of the
factors: program characteristics, clinical leader involvement, educational program, vaccination
access, and occupationa! health program. This method of subsetting variables into
commonalities was similar to the approach used by Harrell et. al. in which variables were
clustered to reflect intercorrelations among related measures.(43) They found when dealing
with a large number of variables, the technique provided a more interpretable mode! with a
higher c statistic than standard variable selection.

Backward variable selection was utilized with appropriate methods for assessing the
model’s fit. The importance of each of the variables in the mode! was verified by evaluating the
Wald statistic and the G likelihood ratio test statistic. Variables comprising each of the factors,
which demonstrated a significant association with the cutcome variable (p <0.1), were used in
the final model. The model was then examined in the same manner discussed previously. The
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estimated coefficient was compared to the coefficient from the full mode! to assess potential
confounding. Clinically relevant interaction terms were created in order to evaluate possible
effect modification. The ¢ statistic and Hosmer-Lemeshow goodness of fit statistic were used to
the assess adeguacy of the models. (41-43)

Health Care Worker Data:

Factor analysis was performed as a data reduction technique to determine which
reasons for accepting (or intending to accept) the series or not accepting (or not intending to
receive) the vaccine appeared to be linked. All itemns that loaded on a single factor were
combined into single scales for vaccine acceptance or refusal.

These factors corresponded to a subset of the domains identified by Cummings et.
al.(44) that explained health actions. These domains were used to label the factors. Labels
assigned to the factors associated with vaccine refusa! (Appendix 1) included: Threat of disease
(e.g., concern about side effects of the vaccine); Knowledge of diseasse (e.g., insufficient
information about the disease); Access fo care (e.g., too busy/never enough time); Risk denial
[e.q., not necessary (not at increased risk for hepatitis B)]; and Socia! influence (e.g., behavior
of someone | respect). Labels assigned to the factors associated with vaccine acceptance
(Appendix 2) included: Social influence [e.g., recommendation of spouse/significant other;
behavior of someone | respect (role model)]; Threat of disease (e.g., possible restriction from
patient care if infected; previous needlestick/sharps injury); and Knowledge of disease (e.g.,
information obtained from professional sources; information letter from employer).

The reliability of the acceptance and refusal scales, as estimated by Cronbach's alpha
statistic, were 0.82 and 0.72, respectively. The demographic characteristics of study
participants were compared to those of the overall population from which the sample was drawn
in order to evaluate for evidence of response bias. Health care workers with a prior history of
hepatitis B or natural immunity were excluded from all subseguent analyses. Stratified
analyses were performed by occupation to examine the reasons for vaccine acceptance and
refusal. Differences in the reasons for vaccine acceptance among persons in each
occupational group were evaluated with independent samples t-tests to compare mezan Likeri
scores, using tests for equal or unequal variances as appropriate. The results of the stratified
analyses of the reasons for vaccine acceptance were used to combine occupational groups for
further analyses.

A random sample was selected, stratified by occupational category, which represented
two-thirds (N=599) of the study participants, to derive or develop the logistic regression models
to identify determinants of vaccine acceptance. This initial sample was referred to as the
“calibration sample.” The logistic regression models were then validated on the remaining one-
third of the sample (N=289), the “validation sample.” If the logistic regression models from the
calibration sample adequately predicted the results in the validation sample, the entire sample
was combined and the models resstimated.(41)

Contingency table analyses of the association between demographic, occupational and
preventive health variables and the outcome of vaccination were assessed with a likelihood
ratio chi square test for norinal and ordinal variables.(40) Continuous variables were
examined individually in univariate logistic models. Ninely-five percent confidence intervals
(Clgs) were calculated for the odds ratios. Alpha was set at 0.05 and all p-values were two-

sided. All statistical procedures were performed using SPSS (Statistical Package for the Social
Sciences, Chicago, IL).
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Multivariable logistic regression models were developed to predict initiation (e.g., one or
more doses), and completion (e.g., three or more doses) of the HBV vaccine series considering
all variables associated with vaccine acceptance from the univariate analysis (p<0.25).(40; 45)
The importance of each variable in the models was verified by evaluation of the Wald statistic
and comparison of each estimated coefiicient with the coefficient from the univariate model.
The fit of each mode! was evaluated using the likelihood ratio test. Variables that did not
significantly improve the fit were removed and the models resstimated. Appropriate first-order
interaction terms were considered for inclusion in the models. The final logistic models were
also evaluated for the adequacy of fit using the Hosmer-Lemeshow goodness-of-fit statistic
which compares expected and observed values in a dataset across deciles of risk.(40; 41)

Resulis

A total of 133 of 141 (94%) ISSS facilities participated in the baseline survey in 1992
prior to the enforcement of OSHA's Bloodborne Pathogens Rule (BPR). A total of 116 of 138
facilities participated in the follow-up survey (84% response rate). Comparison of data from the
1992 and 1984 AHA Guides demonstrated that the organizationa! characteristics of the
hospitals participating in either survey were similar to those of all the facilities in the state (Table
3). ltis important to note that these data were available only for hospitals. These data were
available from 122 lowa hospitals in the baseline survey and 107 lowa hospitals at follow-up.

Vaccine implementation programs differed, in terms of measured program
characteristics, by size of the institution and location of the county (urban versus rural). For
example, vaccine provision at a health fair (p=0.008) and provision to physicians at the worksite
(p=0.007) were significantly different in rural versus urban hospitals. Differences in programs
by hospital size included: vaccination records availability in a computierized database (p=0.035),
and provision to nurses at the worksite (p<0.0001).

A wide range of program and organizationa! factors were significantly associated with
the overall HBV IVR at baseline (Table 4). Workforce variables such as the proportion of
registered nurses (RNs) and laboratory workers (LWs) among the workforce were positively
associated, and the proportion of nursing assistants (NAs) negatively associated with the IVR.
Management issues, such as a policy requiring the HBV vaccine for employment of certain
occupational groups within a facility, was strongly associated with the IVR. Occupational health
program aspects, such as whether serologic response was routinely checked after receipt of
the initia! series, and whether the institution had a policy that covered occupational hepatitis B,
were of borderline importance. Importantly, management commitment to the vaccine delivery
program, as measured by the assessment of the nurnber of specific clinical leaders that had
actively encouraged the HBV vaccination of workers or received the vaccine themselves in the
past, was strongly related to the summary IVR.

A number of other variables that had been considered potentially imporiant program
characteristics were not significantly associated with the HBV IVR. Factors such as the
availability of occupational vaccination records in a computerized database, and sending
reminder letters to return for follow-up doses of vaccine were unrelated to the summary IVR at
baseline. Similarly, offering the vaccine at mestings or at the worksite for registered nurses or
other occupational groups were both unrelated to the overall rate.

The overall mean IVR (three or more doses) at the baseline assessment in lowa health
care facilities was 72%, excluding physicians (Table §). The summary HBV IVR in lowa
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facilities was 63% among housekeepers, 64% among nursing assistants, 74% among licensed
practical nurses, 77% among registered nurses, and 82% among laboratory workers. At the
time of follow-up, the IVR had significantly increased in all occupationa! groups for which data
was available (Figure 1). The percent increases were 14% overall, and ranged from 8% to
20% in different occupations. Housekespers remained the least protected group with a2 mean
immunization rate of 82%, and lab workers had the highest rate at 81%. Unfortunately, most
institutions do not keep records on physicians, since they are not typically considered
employess of the health care facility. Where available, data suggested that rates of HBV
acceptance among physicians remained unacceptably low.

Changes in Hepatitis B Vaccine Acceptance

Multivariate
% Acceptance [ gBaseiine @2 Yr Follow-up | linear regression
100 N analysis to predict the
facility IVR at baseline
80 identified a four
~ variable mode! with an
60 adjusted R sguare of
0.45 (Table 8). The
4D baseline regression
mode! to predict the
20 IVR identified the
. importance of active

encouragement of and
participation in
vaccination by leaders,
* % Change, p <.001 the proportion of

: registered nurses in the
workforce, and a reguirement of vaccination for regustered nurses. The number of clinical
leaders (out of five) vaccinated against hepatitis B was strongly and positively related to the
IVR. Similarly, the leve! of management commitment by the Chief of Staff to the institutional
HBV vaccination program was also independently and positively associated with the IVR.

Overall House Nursing LPN RN Lab
Keeping Assistant Worker

The multivariate linear regression mode! of factors associated with change in the HBV
VR at follow-up identified a five factor mode! with an adjusted R-squared of 0.598. Workforce
factors that were important included the number of registered nurses at a facility and the
change in the proportion of lab workers over time. Program factors included whether the
vaccine was provided at the worksite and at meetings for housekeepers (Table 7). Repeating
these analyses with robust regression techniques identified the same factors except for
provision at mestings for housekegpers which was no longer significant, but necessary in the
mode! for stabilization of the results.

Logistic regression identified three factors associated with achievement of an overall
90% rate of HBV vaccination in the health care facilities surveyed (Table 8). These variables
included the transformed baseline vaccination rate, active encouragement of the nursing
director, and location in a non-Standard Metropolitan Statistica! Area (SMSA).

The results of modeling of the combined lowa and Virginia data to identify factors
associated with achievement of a 90% leve! of worker HBV immunization in specific
occupational groups were particularly enlightening. Although the final models varied somewhat
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from one occupation to the nexi, as expected based on our health care worker leve! data,
remarkable consistency betwesn groups was evident. The mode! for achievement of this targst
rate of immunization included the following factors (Table 8): fewer outpatient visits, vaccination
of leaders (OR = 7.2), use of an invitation letier to receive the vaccine (OR=2.0), and use of a
reminder to complete the series (OR=15.0). The mode! for achievement of this target among
other nursing personne! (LPNs and NAs) included (Table 10): vaccination of leaders (OR=2.6),
encouragement by leaders (OR=3.9), delivery at the worksite (OR=3.2), and monitoring of
universal precautions compliance by coworkers and others (OR=3.8). Finally, the mode! for
achieving this target among laboratory workers included (Table 11): lower facility complexity,
vaccine delivery at the worksite (OR=2.6), and monitoring of universal precautions compliance
by coworkers and others (OR=4.4). '

Health Care Worker Study:

A total of 1018 questionnaires were mailed and 918 were returned, for an overall
response rate of 90.3%. Study participants were not significantly different from the overall
population in terms of occupation, age, or gender. Twenty-one workers reported a history of
hepatitis B or prior natural immunity and thus were excluded from all subseguent analyses.

Among workers without a history of hepatitis B or prior natural immunity (N=888), 54%
(N=482) had completed the three dose series, while 70% (N=826) had received one or more
doses (Table 12). Workers having either initiated or completed the vaccine were significantly
younger (mean 37 years) than those remaining unvaccinated (mean 40 years, Cigs for the
difference = 1.7, 4.8, and Clgs = 1.8, 5.0, respectively). A slightly greater proportion of women
than men had initiated the series (72% vs. 66%, OR=1.2, Cigs = 1.0, 1.5, p=0.058) and had
completed it (55% vs. 51%, OR=1.2, Cigs = 1.0, 1.4, p=0.088). Vaccination varied significantly
by occupation: 80% of house officers had completed the series, versus 70% of registered
nurses, 60% of licensed practical nurses, 61% of laboratory workers, 51% of nursing assistants,
42% of staff physicians, and 23% of housekeepers. Vaccination rates were also significantly
higher in certain clinical setiings (Table 13, p<0.001): workers located on specialty wards,
intensive care units, and in operating rooms had significantly higher rates of vaccine series
completion than workers in other areas.

Overall, 23% of workers reported a sharps injury and 57% noted sustaining a -
mucocutaneous blood exposure in the prior year. Workers who reported any mucocutaneous
blood exposures in the prior year had a mean of 22.5 exposures. Additionally, there was a
mean of 2.7 injuries among those with at least one percutaneous injury in the prior year.
Physicians had the highest rate of multiple injuries (> 2) in the prior year: houseofficers (25%),
staff physicians (16%), registered nurses (11%), laboratory workers (5%), housekeepers (4%)
and others (11%).

Sixty-nine percent (N=189) of workers declining the HBV vaccine had not been
vaccinated for influenza in the prior three years, compared with 49% (N=308) of those that had
received at least one dose of HBV vaccine and 47% (N=226) of those completing the series.
Eight percent (N=22) of workers declining the HBV vaccine reporied using seatbelts less than
half the time they rode in a car, compared to fewer than 5% of those initiating or completing the
vaccine.

The highest-ranked reasons for refusa! (Appendix 1) included: "not at increased risk”
(mean=3.0); "concern about vaccine side effects" (mean=2.8); "insufficient information about
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the vaccine" (mean=2.6); "have not received a letier of invitation" (mean=2.2); "too busy/never
enough time" (mean=2.2), and “concern about passible jaundice due to vaccination®
(mean=2.2). The highest-ranked reasons given for vaccine acceptance (Appendix 2) included:
“information obtained from professional sources (mean=5.1); "providing care for hepatitis
patients” (mean=4.0); "recommendation of a supervisor" (mean=3.3); and "recommendation of
a physician" (mean=3.1).

Factor analysis of the reasons for vaccine refusal resulted in five factors that explained
66% of the variance (Table 144). Similarly, the factor analysis yielded three factors that
explained 55% of the variance among those accepting the vaccine (Table 14B). ltems related
to “threat of disease” explained the greatest proportion of the variance among those declining
and the second largest proportion among those accepting the vaccine. In contrast,
questionnaire items related to “social influence” explained the largest proportion of the variance
among those accepting the vaccine. “Social influence” was also important in vaccine refusal,
with items related to role mode! behavior and physician recommendations loading on the 1st
and 5th factors, respectively. ltems related to “knowledge of disease” were responsible for the
second and third largest proportions of the variance in the two groups, respectively. “Access to
care” iteri.s were the third most important factor among those declining the vaccine (Table
14A). Denial of risk was important among those declining the vaccine.

None of the reasons for HBV vaccination among registered nurses and licensed
practical nurses were significantly different, thus the two groups of professional nurses were
considered together for subsequent analyses. Additionally, [aboratory technicians, other
workers, and students also had similar reasons (1 or fewer significant differences) for vaccine
acceptance and were compbined. The other occupational groups difiered considerably (three or
more significant differences) in their reasons for vaccine acceptance and were thus considered
separately in the logistic regression analyses.

Significant univariate predictors of initiating the vaccine {one or more doses) in the
calibration sample (Table 13) included: age, occupation, work site, frequency of blood
exposures in the prior year, frequency of sharps injuries in the prior year, and frequency of
previous influenza vaccination. Frequency of seatbelt use approached significance (p=0.082),
although gender was not related to series initiation. The same variables were also associated
with vaccine series completion, although age (p=0.117) and seatbelt use frequency (p=0.165)
were not significant.

The logistic mode! for vaccine series initiation in the calibration set included: age,
occupation, frequency of blood exposure, and prior influenza vaccine acceptance. Using a
cutoff probability of 0.50, the sensitivity of the calibration mode! was 89%, specificity 34% and
accuracy 74%. The same logistic mode! in the validation sample had sensitivity of 88%,
specificity 47%, and 75% overall accuracy. In the calibration sample, the Hosmer-Lemeshow
(HL) goodness of fit test yielded a Chi-square statistic of 6.85 (8 d.f.) (p=0.55).(41) Inthe
validation sample, the HL goodness of fit test Chi-square statistic was 9.26 (8 d.f.) (p=0.32).

In the calibration sample, the logistic mode! for vaccine series completion included:
occupation, frequency of blood exposure, prior influenza vaccine acceptance, and frequency of
seatbelt use. The sensitivity of this mode! in the calibration sample was 71%, specificity 67%
and overall accuracy was 69%. Similar results were obtained in the validation sample:
sensitivity was 65%, specificity 72% and overall accuracy 68%. The HL goodness of fit test
demonstrated that the fit of the mode! in both the calibration (Chi-square=5.03, 8 d.f., p=0.75)
and validation samples (Chi-square=10.80, 8 d.f., p=0.21) was adequate.(41)
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Age was inversely associated with HBV vaccine series initiation in a linear relationship.
An increased frequency of mucocutaneous exposure to blood was also independently related to
initiating and completing the vaccine series. However, although an increased frequency of
percutaneous injury was a predictor of hepatitis B vaccination, the relationship was not
independent. Prior influenza vaccination was related to both HBV series initiation and
completion in the calibration logistic regression models. Workers reporting influenza
vaccinations in the prior three years were more likely to also have received the HBV vaccine.
Reported frequency of seatbelt use was also related to vaccine series completion in the
celibration sample, although the association was of borderiine significance (p=0.069).

Following the fit and validation of both logistic models, the entire sample was combined
and the parameters reestimated using the variables derived from the calibration sample. Each
of the previous variables remained significant, with the exception of seatbelt use frequency in
the model for vaccine series completion (p=0.28). Since this variable was of borderline
significance in the calibration set and was of marginal clinical relevance, the variable was
removed and the mode! reestimated (Table 15). The fina! mode! for vaccine initiation had a
sensitivity of 88%, a specificity of 42%, an overall accuracy of 74% and HL goodness of fit Chi-
square statistic of 8.55 (8 d.f., p = 0.38). Similarly, the revised mode! for vaccine series
completion had a sensitivity of 71%, a specificity of 68%, an overall accuracy of 68%, and a HL
goodness of fit Chi-square statistic of 3.08 (8 d.f., p = 0.93).

Discussion

Despite the availability of a safe, effective vaccine provided at no cost to the employes,
an important proportion of occupationally-exposed workers in community facilities had not
completed the vaccine series and many remained completely unvaccinated. These data
confirm the need for additional efforis to improve vaccine delivery to health care workers.

OSHA issued a federal standard in December 1891 to atiempt to reduce occupational
exposure to bloodborne pathogens.(1) The major components include: 1) the availability and
offering of hepatitis B vaccine to all workers occupationally exposed to blood, and 2)
institutional provision of the vaccine free of charge to all exposed employess. Data from this
study indicate that components of the guideline have been efiective in reaching previously
unvaccinated workers.(48) These studies demonstrate that the institutional levels of HBV
vaccine acceptance among all occupational groups at risk in hospitals have significantly
increased since the publication of OSHA's Bloodborne Pathogens Rule (BPR).

The most important independent predictors of vaccination at the worker leve! included
occupation, frequency of mucocutaneous blood exposure, prior influenza vaccination, and age.
Among those workers remaining unvaccinated, concern about side effects of the vaccine,
knowledge of the disease and their risk, and access to the vaccine were the major factors
identified. Social influence was clearly the major factor related to vaccine acceptance, although
perceived risks and knowledge of the disease were also important. These factors may be
usefu! for identifying health care worker groups that should be specifically targeted to increase
effective delivery of the vaccine. Further studies in additional populations should be periormed
to replicate these findings and to confirm their importance.

In developed countries, two strategies have been used for the contro! of HBV infection in
health care settings. Both the use of HBV vaccine for workers at risk and the consistent use of
isolation materials have contributed to a decrease in occupational HBV infections.(47; 48)
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Convincing demonstration of the role of isolation in preventing HBV infection was observed in
hemodialysis units prior to availability of the vaccine.(49) Importantly, recent data demonstrates
that health care providers' knowledge of the epidemiology of the disease is inadequate.(24; 27)
Our results suggest that education targsted at increasing health care workers’ knowledge of the
disease, the risks of occupational exposure to blood and the safety of the vaccine are likely to
be important components of training. Additionally, emphasis of the need for routine use of
barrier isolation materials in appropriate settings may also be critical.

It has been suggested that repsated educational programs may be effective in
increasing vaccine acceptance.(24; 35; 36) In one series, various types of fear and lack of =
knowledge were cited as reasons for refusal by 73%; the most common reason for acceptance
(38%) was information from professional sources.(35) The most frequent reasons given for
noncompliance with HBV prescreening and immunization during a period when only the
plasma-derived vaccine was available included a concern about the safety of the vaccine
(33%), and forgetting or being "too busy" (16%).(50) In a recent study that offered the plasma-
derived vaccine free of charge to hospital personnel in Bangkok, latk of knowledge and fear of
side effects were the reasons given in 46% of refusals.(24) Although vaccine acceptance has
been less than optimal, the actual impact of how concern about the vaccine’s safety affecis
compliance has not been adequately documented.(51) Much of the potential concern about
safsty should have been relieved with the development of a recombinant hepatitis B vaccine.
However, our results demonstrate that the perceived threat or risk of disease (e.g. concem
about side effects) and disease knowledge were the most important factors in vaccine refusal.

- In addition to evidence for a significant effect at the institutional level, these results suggest an
important potentia! role for educational interventions for the individua! worker.

Access to care is an important theoretic concern in the appropriate delivery of medical
services.(52) Several studies have suggested that institutional vaccine delivery factors such as
access to the vaccine and vaccine provision approach may be important in determining the
vaccine acceptance of health care providers. (18; 19; 23; 50) Access to care was an important
factor in vaccine refusal in our health care worker study, indicating a potentia!l role for delivery of
the vaccine at the worksite, at departmental meetings, or during exiended clinic hours. Access
to the vaccine was also of imporiance in our institutional models for achieving recommended
levels of immunization among certain occupational groups. Access to the vaccine was
generally good overall, thus this group of factors did not appear to be important in the summary
rates. However, within specific institutions where access to the vaccine is more variable, and
for certain occupational groups, it may be particularly important to improve availability of the
vaccine. Effective approaches would seem to include delivery of the vaccine at the worksite, as
well as approaches to actively invite workers to initiate and return for subsequent doses of the
vaccine.

Using logistic regression analysis, Thomas and colleagues found that only race and the
nursing occupation were independently associated with lack of vaccination.(23) Israsena et al.
- reported that age, nature of work, time in the profession, knowledge of hepatitis B, confidence
in the efficacy and safety of the vaccine, and contact with blood products were strongly
associated with vaccine acceptance.(24) In our study, occupation was an indspendent
predictor of both vaccine series initiation and completion. However, although age was
associated with vaccine acceptance, controlling for other variables, the association was
observed only for series initiation. Data on duration of employment was not collected, which
could potentially confound the relationship between vaccine acceptance and age and
occupation. Additionally, the racial and ethnic distribution of the population in the surrounding
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State is approximately 4% White, non-Hispanic; thus, data were not collected to examine this
variable. Other factors including preventive health behaviors (e.g., prior influenza vaccination),
and the frequency of mucocutaneous occupational blood exposures were independently related
to acceptance. These results are consistent with those of Murata and colleagues who reporied
that vaccine acceptance among physicians varied by physician gender, years since graduation,
level of training and specialty.(21) Taken together, these results suggest that tailoring the
vaccine delivery approach to specific occupationa! groups at risk and targeting employess with
frequent blood exposure may be particularly efiective. o

There are several methodological differences in the current study of health care workers
compared to previous work on HBV vaccination in health care workers. First, data were
collected on a stratified random sample of all health care workers determined to be at
occupational risk for exposure to blood and body fivids. Most prior studies have either utilized a
convenience sample or studied a single group of workers.

Second, multivariate statistical techniques have been used infrequently in prior studies
of vaccine acceptance.(23) In the current study, factors potentially associated with vaccine
acceptance were examined using multiple logistic-regression to identify independent predictors
of initiating and completing the vaccine series. The resulis were subsequently validated in an
unstudied subsample of subjects. Although uncertainty exists regarding the determinants of
vaccine acceptance, this approach would seem the most appropriate to consider the variety of
different factors that are potentially related. '

Third, most previous studies have reported simple proportions of workers responding to
possible reasons to accept or refuse the vaccine. In the current study, factor analysis was used
to examine concurrently suggested reasons for accepting or declining the vaccine.

Fourth, most published studies have either been relatively small or had relatively low
response rates. The sample size and response rate in the current study allows reasonably
precise estimates of the rates of vaccine acceptance and examination of their determinants.

Finally, in most early studies of vaccine acceptance, many workers were very concerned
about the safety of the vaccine. Our study was performed at a time when considerable
evidence has accumulated concerning the safety and efficacy of the recombinant vaccines;
thus, these data may be more representative of current determinants of vaccine acceptance.
Yet, our data suggests that concern about potential side effects is still an important deterrent to
vaccination.

Several important limitations should also be noted. This worker-level study was
performed at a single teaching hospital; thus, the results may not be generalizeable to workers
at other types of facilities. The study also relies on self-reported data for frequency of
occupational exposure, which had niot been independently validated. However, a varisty of
investigators have shown that occupational exposure to blood is greatly underreported and that
self-reports appear to be the most sensitive measure.(53)

At baseline, prior to the time when OSHA’s BPR became enforceable in July 1992,
institutiona! levels of vaccine acceptance were related primarily to three factors: workforce
composition (proportion of registered nurses in the workforce), requirement of the vaccine for
employment of registered nurses, and management support. Management support was
demonstrated to be important, both in terms of the active encouragement of vaccination by
clinical leaders, and the acceptance of HBV vaccination by leaders themselves.

Page 25



Final Report - 5-K01 OH00131-03

A number of health care facilities have achieved the Healthy People 2000 goal of 90%
HBV vaccination levels among their health care workers at risk, although many facilities have
not. Levels of vaccine acceptance are highest among laboratory workers and lowest among
physicians and housekeepers. However, data on physicians is limited since many facilities do
niot consider thern employees and do not have daia available. The most important factors
associated with achievement of this target rate of vaccine acceptance within institutions
included: location in a rural area, active encouragemént of vaccination by the nursing director,
and the baseline vaccination rate within the institution.

Our findings of the imporiance of using letters to formally invite workers to receive the
vaccine and to return for subsequent doses in achieving high rates of immunization within
health care facilities is particularly exciting. These findings are consistent with the results of
Sellors and colleagues studying adults attending a community-based sexually transmitted
diseases clinic that certain groups are at increased risk of noncompliance with the second dose
of vaccins, but are highly responsive to telephone reminders.(84) |

There are a number of important limitations in the ability of many community-based
health care facilities to monitor and protect the health of their employees. Theé availability of an
electronic database containing levels of vaccination and exposures within the health care
workforce is an important limitation in many facilities. Additionally, data on physicians are
limited since many facilities do not consider them employees and have data available. A
number of studies have found that physicians are a particularly difficult group to reach and may
require special efforts.(21; 22; 25; 55) :

The finding of measures of institutiona! complexity being inversely related to the
vaccination rate may be reflective of the relatively greater social influence of administrative and
clinical leaders in smaller health care facilities where they have greater contact with front-line
workers. Further, rural hospitals, in general, have higher levels of worker vaccination than
urban health care facilities. Based on our studies of hezlth care workers and facilities, we
hypothesize that these differences are due to the greater recognition of and social influence of
clinical leaders, such as the infection control practitioner, in a smaller facility.

Further study is needed using appropriate intervention research methods to determine
optimal, effective approaches to increase levels of vaccine acceptance in health care
settings.(56; 57)

CONCLUSIONS

The studies supported by this grant have significantly advanced our understanding of
occupational health programs in community health care facilities to provide the hepatitis B
vaccine (HBV) to health care workers. Most importantly, these studies demonsirate that both
organizational and program factors, as well as worker-leve! factors, are important in the
acceptance or delivery of the HBV vaccine to health care workers. .

Taken together, these results demonstrate the imporiance of management commitment
and support to the program, as well as specific modifiable program factors that improve access
to the vaccine, and eliminate barriers to delivery. Program components such as actively
reminding or inviting workers to initiate and return for vaccine doses, and an active occupational
health program with monitoring of compliance with universal or standard precautions are each
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independently related to achieving recommended levels of HBV vaccination within health care
facilities.

Finally, the current study was not designed to be an exhaustive analysis of all possible
determinants of vaccine acceptance or delivery. Furiher studies investigating the role of other
epidemiological, behavioral and health care delivery factors are likely to further elucidate this
difficult public health problem. The most convincing evidence of the imporiance of these factors
in influencing institutional vaccination rates would come from a well-designed, prospective
clinical trial in multiple institutions. However, this work has identified a number of important,
modifiable institutiona! and program factors, which appear to be related to achieving high levels
of HBV vaccination within health care facilities. These results suggest that there is no time like
the present to begin to introduce and evaluate these approaches to better protect workers and
their patients from occupational and iatrogenic hepatitis B infection.
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TABLES

Table 1 Schematic of Study Plan
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Methods Target Group Outcome Predictors Analysis
Variable(s) Measures
Study | Longitudinal Health care Vaccine Educational Multiple
surveys institutions compliance program, regression
rates access, role rrodel
(questionnaire) (infection mode! behavior, Transformation
control promotion leve!; of data
practitioners OSHA
in lowa) cormpliance
Study !l Institutional Health care Vaccine Educstional - Multiple
validation institutions compliance program, " regression
study rates access, role mode!
(infection mode! behavior, Compare
(same control promotion level; validation mode!
questionnaire practitioners OSHA to original model
as Stage 1) in Virginia) compliance
Study 1l Worker Health care Vaccine Beliefs, attitudes Factor analysis
study workers acceptance
Stratified A) Series Occupation, work-  Multiple logistic
Sample initiation related factors, regression models
B) Series preventive service Derivation and
completion use, demographics validation models
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Factor ltemns Measure Type Variable
Community Characteristics Community Size Population Continuous
Urban/Rural SMSA couniy Dichotormous
Proportion urban % population in single incorp. . Continuous
place >2500
Facility Characteristics Acute Care Beds #/lnstitution Continuous
Chronic Care Beds #institution Continuous
Acute Admissions #Year Continuous
Chronic Admissions #Year Continuous
Proportion Occupation % Workforce in Occupation Continuous
Clinical Leader Leader Vaccination # Vaccinated/s Categorical
Involvement Active Encouragement # Active/5 Categorical
Approach Individually # Approach/5 Categorical
Educationa! Program Invitation Letter Frequency/Year Categorical
Format (lecture, etc) Frequency/Year . Categorical
Healih Fair Frequency/Year Categorical
Access Worksite Provision # groups/4 Categorical
Dept. Mig. Provision # groups/4 Categorical
Availability Hoursfweek Categorical
HBV Experience Occupational HBV HCWs Developing HBV Ceategorical
: Patient HBV Patients with HBV in past vr. Categorical
Occupationa! Health Employment Requirement  # Occup. Groups Req./4 Categorical
Program Record Accessibility Computerized Database Categorical
Vaccination Follow-up Reminder Letter Categorical
. Serological Response Checked or Not Categorical
OSHA Bioodborne Exposure Control Plan Written Plan (10 components) Score 0-30
Pathogens Engineering Controls: Sharps  Written Plan, Training (12) Score 0-36
Compliance Safe Work Practices Training Components (11) Score 0-33
Score Personal Protect. Equipment  Provision, Training, Replace (16)  Score 0-48
Rubber Gloves Access, Training, Reguired (9) Score 0-27
Housekeeping Written Procedures, Training (9) Scores 0-9
Compliance Monitoring Written Monitoring Procedures (8) - Score 0-24
HBV Vaccine Provision Plan & Programi (13) Score 0-39

Overall Score Continuous (0-264)
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Table 3. Descriptive characteristics of participating hospitals and all hospitals in lowa and Virginia.

Characteristics Participating Hospitals N All Hdspita!s N
Beds (mean) 140 174 162 258
Admissions (mean) 3976 158 4247 222
Census (mean) 85 158 97 222
Outpatient visits (mean) 48408 167 62082 222
Births (mean) 468 158 500 222
Total Cost (mean) 27679 154 31483 210
Personne! (mean) 467 157 ’ 532 221
JCAHO A:_reditation 120 (70.6%) 170 | 185 (73.1%) ' 253
Medical School Affiliation 32 (18.8%) 170 54 (21.3%) 253
Residency Training Approval 25 (14.7%) 170 41 (16.2%) 253
Cancer Program 32 (18.8%) 170 51 (20.2%) 253
Cardiac Catheterization Lab 41 (24.0%) 171 68 (26.8%) 254
Cardiac Intensive Care Services 37 (21.6%) 171 857 (22.4%) 254
Emergency Department 148 (86.5%) 171 201 (79.1%) 254
HIV-AIDS Services 28 (16.4%) 17 50 (18.7%) 254
Home Health Services 103 (60.2%) 171 140 (55.1%) 254
Long Term Care 70 (40.9%) 171 99 (38.0%) 254
Medical Intensive Care Services 107 (62.6%) 171 148 (58.7%) 254
Neonatal Intensive Care Services 21 (12.3%) 170 36 (14.2%) 254
Obstetrics 125 (73.1%) 171 166 (65.3%) 254
Occupational Health Services 82 (47.9%) 171 121 (47.6%) 254
Oncology Services 90 (52.6%) 171 126 (49.6%) 254
Open Heart Surgery 19 (11.1%) 171 40 (15.7%) 254
Outpatient Surgery 2 150 (87.7%) 171 201 (79.1%) 254
Trauma Center 16 (8.3%) 171 30 (11.8%) 254

Note: ! American Hospital Association Data.

2 Significantly less than all hospitals (p < .05).
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Table 4. Univariate Factors Associated with the Overall Institutional Hepatitis B Vaccination Rate

in lowa Hospitals at Baseline (N=133 facilities)

Variable B Standard Error Significance
Workforce Variables
Proporiion RNs 0.481 0.134 <0.001
Proportion NAs -0.414 0.115 <0.001
Proportion LWs 1.715 0.451 <0.001

Emergency Department 25.612 11.580 0.029

Program Characteristics

Serologic Response to Vaccine - 0.075
Checked only after exposure 9.433 6.068 0.123
Checked after 3 or more doses  11.772 | 5.141 0.0237

Vaccine Reguired for Workers

Nurses 15.926 5.225 0.003
Housekeepers 19.825 5.464 0.004
Lab Workers 1¢.520 . 5.189 <0.001
Physicians 24.948 10.008 0.014

Institutiona! Disability Policy 7.488 4138 0.072
Covers Occupational Hepatitis B -

Management Support

Active Encouragement by

Leaders .
Infection Control Chair 17.51¢ 10.323 0.082

Chief of Staff 8.063 4.812 0.097

Vaccination of Leaders : ‘
Infection Control Practitioner 8.052 4,845 - 0.084

Infection Control Chair 12.117 4170 0.004
Chief of Staff 6.877 4142 0.0895
Nursing Director 12.883 4272 0.003
Lab Director 19.976 5.657 <0.001
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Table 5. Changes in Mean Rates of Hepalitis B Vaccine Acceptance Among Workers in lowa
Institutions Post-implementation of OSHA's Blood borne Pathogens Rule (N=103 institutions).

Worker Group Baseline Rate “ Follow-up Rate % Change  Significance
Overall 72% 86% 14% < 0.001
Housekeeping 63% 82% 19% <0.001
Nursing Assistants 64% _ 84% 20% <0.001
Licensed Practical 74% 86% 12% <0.001
Nurses ’

Registered Nurses 77% . 88% 1% <0.001
Laboratory Workers 82% »91 Y% 9% 0.001
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Table 6. Multivariate Linear Regression Mode! of Institutional and Program Factors associated with the
Institutional Hepatitis B Vaccine Rate at Baseline in lowa Hospitals (N=133).

Variable B Standard Error Significance
Proportion of Registered Nurses 0.363 0.130 0.006
Vaccination Required for Registered Nurses 10.494 4.080 0.012

Active Encouragement
Chief of Staff 6.503 3.720 0.084
Nurmber of Leaders Vaccinated

One 28.821 11.911 0.018

Two 52.000 10.985 0.0001
Three 59.742 10.333 0.0001
Four 56.339 10.179 0.0001
Five 58.173 10.041 0.0001
Intercept -3.088 9.508 0.748

Adjusted R-squared = 0.452, p= 0.0001
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Table 7. Multivariate Lineér Regression Mode! of Institutiona! and Program Factors Associated
with Change in the Institutional Hepatitis B Vaccination Rate at Follow-up in lowa Hospitals
(N=103).

Variable Iy Standard Error  Significance:
Baseline Institutional Vaccination Rate - 0697 0.081 0.0001
Number of Registered Nurses ’ -0.028 0.014 0.050
Change in Proportion of Lab Workers 0.689 0.3@5 0.076
Vaccine Provided at Work site for Housekeepers -5.510 2>.964 ; ’0.066
Vaccing Provided at Mestings for Housekeepers -5.680 2.868 0.050

Adjusted Rz = 0.599, p=0.0001
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Table 8. Logistic Regression Model of Factors Associated with Achievement of Institutiona! Levels of

90% of Workers Vaccinated at Follow-up Assessment in lowa (N=102 hospitals)

Variable B Standerd R Significance
Error .
Transformed Baseline Vaccination Rate* 7417 2.298 0.233 0.002
SMSA Location 1587 0751  -133 0.035
Encouragement of the Nursing Director 0.881 0.449 0.115 0.049
Constant -6.080 1.992* . 0.002

-2 log likelihood 120.637, Mode! Chi-Square=19.350, 3 d.f, p= 0.002
NOTE: Using 50% cutoff, mode! sensitivity is 80.7%, specificity is 51.1% and accuracy is 67.7%

*Transformed by square root of institutional rate.
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Table 8. Logistic Regression Mode! of Institutional Factors Associated with Achievement of 90% of
Registered Nurses Vaccinated at Follow-up Assessment in lowa and Virginia (N=133 hospitalg)

Variable B Standard Standardized Odds Ratio P-value
Error Estimate ’

' Intercept -4.637 1.722 0.0071
# Outpatient Visits -0.00002 6.0SE-S -0.538 1.00 0.0005
Invitation Letter 0.682 0.273 0.296* 1.95 0.0125
Reminder to Complete Series 2.708 1167 - 0.385 14.99 0.0193
HBV Leader Vaccination 1.869 1.186 0.287 7.16 0.0889

C statistic = 0.783 Hosmer-Lemeshow G.O.F. statistic = 1.69(8 d.f.), p=0.989).
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Table 10. Logistic Regression Mode! of Institutional Factors Associated with Achievement of 80% of
Licensed Practical Nurses and Nursing Assistants Vaccinated at Follow-up Assessment in lowa and
Virginia (N=133 hospitals)

Variable B Standard Standardized Odds Ratio P-value
Error Estimate

Intercept -2.1112  0.5174 . . 0.0001
Encouragement of all Leaders 1.3625 0.4888 0.3480 3.9060 0.0053
Provisk;n of Vaccination at Worksite 1.1508  0.4882 0.2583 3.16@0 0.01 84
UP Compliance Monitored by 1.3437  0.4829 0.3508 3.18330 0.0054
Cowaorkers/Others
Vaccination of all Leaders 0.8383  0.4503 0.2530 2.5560 0.0372
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Table 11. Logistic Regression Mode! of Institutional Factors Associated with Achievement of 80% of
Laboratory Workers Vaccinated at Follow-up Assessment in lowa and Virginia (N=133 hospitals)

Variable : B Standard Standardized  Odds P-value
Error Estimate Ratio .
Intercept 0.6438 0.6876 . . 0.3491
Facility Complexity -0.2624 0.1630 -0.3423 0.7690  0.0108
Provision of Vaccination at Worksite 0.9701 0.4626 0.2595 2.6380  0.0380
UP Compliance Monitered by 14889 = 0.4703 0.5950 44380 0.0015
Coworkers/Others
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Table 12. Comparison of worker characteristics, occupational exposures and preventive health
measures use by hepatitis B vaccine status (N=888).

Characteristic Vaccination Status
Unimmunized Series Initiated Series Completed
(n=272) (n=626) (n=482)
Mean Age, (+ S.D.), yrs. 40 11 37 109 37 .x10°
Femnale, n (%) 162  (60) 414 (33)¢€ - 315 (68)d
Male, n (%) 107  (40) 204 (67) 160 (34)
Occupation (% in category) A
Physicians (Housestaff) g (11 75  (89) 67 (80)
Physicians (Staff) 43  (48) 81 (54) 38 (42)
Registered Nurses 43  (195) 237  (85) 197 (70)
Licensed Practical Nurses 3 (20 12  (80) g (60)
Nursing Assistanis 14 (22) 49 (78) 32 (&Y
Laboratory technologists 17 (29) 42  (71) .38 (81)
Housekeeping 19 (40) 28 (60) : 11 (23)
Others 124 (49). 131 (61) ) 91  (36)
Work Site € (% in category)
Outpatient clinic 65 (36) 118  (65) g4 (81)
Inpatient wards 61 (26) 177 (74) 134 (59)
Specialty ward/ICU 19 (18) 87 (82) 78 (74)
ER, Hemodialysis 3 (@7 8 (73) 7 (64)
Laboratory 34 (35 63 (65) 43 (1)
Operating room 12 (18) 55 (82) 44 (69)
Other 72 (39) 111 (61) 70 (38)
# Blood Contacts/Past Yr., n
Mean (85% C.l.) 7 (3,10) 16 (10,22)f 15 (8,22)8
# Sharps Injuries/Past Yr., n
Mean (95% C.1.) 08 (0.1,1.6) 0.5 (0.4,0.86) 0.5 (04,07
# Influenza Vaccinations/Past 3 Yrs. (% in category)
None 189  (38) 308 (62) 226 (48)
1 32 (16) 164  (84) 129 (€6)
2 23 (249 74 (76) 59 (61)
3 28 (26) 7 (74) 67 (863)
Freguency of Seatbelt Use (% in category)
Never 5 (71) 2 (29 2 (29
Occasional (<50%) 17  (39) 27  (61) 21 (48)
Frequent (>50% to <100%) 30 (24) 97 (76) 67 (83)
Always 219 (31) 498  (70) 381 (585)

Note: ICU = intensive care unit, ER = emergency room. Percent in parentheses represents percent of total in each
row. Due to rounding, % unimmunized and % initiating vaccine series may not total exactly 100%. The percent
completing the series represents a subset of those initiating the series.

p<0.0001, 2-sample t-test (Clgs for difference = 1.7, 4.8), compared to unimmunized.
p<0.0001, 2-sample t-test (Clgs for difference = 1.8, 5.0), compared to unimmunized.
p=0.056, Chi-square test, (OR=1.22, Clgs = 1.0, 1.5), females, compared to unimmunized.
p=0.088, Chi-square test, (OR=1.18, Cigs = 1.0, 1.4), females, compared to unimmunized.

Work site is the area of hospita! in which the worker is primarily located.
p=0.011, 2-sample t-test (Clgs for difference = -15.9, -2.0), compared to unimmunized.

@ =0 Q 0 T n

p=0.037, 2-sample t-test (Clgs for difference = -15.9, -0.5), compared to unimmunized.

Published in Doebbeling BN, Ferguson KJ, Kohout FJ. Predictors of hepatitis B vaccine acceptance in health cars
workers. Medical Care 34:58-72, 1986.



Table 13. Univariate correlates of hepatitis B vaccination among workers in the calibration set (N=599).

Series initiation Series completion
Variable OR (85%C.1) P-Value OR {(85% C.l) _ P-Value
Age @ 0.0076 0.1172
30-39 0.70 0.37 1.31 0.2626 0.87 0.52 1.48 0.5869
40-49 0.48 0.27 0.84 0.0098 0.78 049 1.26 -0.3115
>=50 0.40 022 0.71 0.0016 0.57 0.35 0.82 0.0222
Sex (Female) b 1.24 0.86 1.79 0.2503 1.08 0.77 1.52 0.652
Occupationzl Category © <0.0001 ' <0.0001
Physicians (Housestaff) 7.51 2.35 24.02 0.0007 21.74 6.81 69.44 <0.0001
Physicians (Stafi) 0.0 0.38 2.15 0.8176 4.43 1.51 13.03 0.0068
Nurses 4.36 1.2 9.88 0.0004 1277 467 34389 <0.0001
Nursing Assistants 2.04 0.76 5.48 0.1589 5.20 168 16.13 0.0043
Lab Techs, Others 0.e9 046 2.13 .0.9857 3.86 1.42, 10.43 0.0079
Work Site d 0.0036 0.0002
Spec. Ward/ICU 1.96 1.04 3.70 0.0377 248 1.42 434 0.0014
Operating Room 3.79 1.47 9.76 0.0059 2.73 1.38 540 0.0038
Blood Exposures © <0.0001 <0.0001
15 2.14 144 3.19 = 0.0002 2.83 194 413 <0.0001
7 or more 5.49 3.03 9.63 <0.0001 467 2.83 743 <0.0001
Sharps Injuries © 0.0003 0.0001
1 . 3.20 1.60 6.41 0.001 2.23 1.32 3.77 0.0027
2 or more T 247 1.25 4.85 0.0088 2.63 1.49 468 0.0009
Influenza Vaccinations f 0.0001 0.0003
1 3.08 1.87 510  <0.0001 2.27 1.51 3.40 0.0001
2 or more 1.28 0.83 1.99 0.2591 1.53 1.02 2.31 0.0404
Seatbelt Use Frequerncy ¢ 0.0823 0.1649
Freguent 262 1.12 6.12 0.0264 1.21 0.54 2.69 0.6473
Always 185 = 097 3.95 0.0626 1.67 0.83 3.37 0.1491

Note: OR = odds ratio, Spec. Ward = specizally ward (i.e. transplant, etc.), ICU = intensive care unit.
@ Bzseline strata = less than 30 years.
b Baseline strata = mate.

C Baseline stratz = housekeepers. Note: others includes students, research assistants,
research scientists, etc.

d Baseline strata = Inpatient wards, outpatient clinics, emergency room, laboratory, hemodialysis.
€ Baseline strata = none (in prior year).

f Baseline strata = none (in prior three years).

g Baseline strata = occasionally (< 50%) or never.

Published in Doebbeling BN, Ferguson KJ, Kohout FJ. Predictors of hepatitis B vaccine acceptance in health care
workers. Medical Care 34:58-72, 1998.



Table 14A. Reasons for vaccine refusal. Table 14B. Reasons for vaccine acceptance.

Factor Eigen % Variance Factor » Eigen % Variance
Value Explained Value Explained

Threat of Disease 5.3 35.0 Socia! Influence | 5.0 38.8

Knowledge of Disease 1.4 9.4 Threat of Disease 1.1 8.8

Access to Care 12 7.8 Krniowledge of Disease 1.0 7.4

Risk Denial 1.1 7.1

Sogcial Influence 1.0 6.7

Published in Doebbeling BN, Ferguson KJ, Kohout FJ. Predictors of hepatitis B vaccine acceptance in .health care
workers. Medical Care 34:58-72, 1988. '
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Table 15. Final logistic models of predictors of hepatitis B vaccination in the entire sample (N=888).

Seriges Initiation Series Completion

Varigble OR Cigs P-Value OR Clgs P-Value

Age, yrs. 0.98 0.e6 0.997 0.0201

Occupation @ <0.0001 <0.0001
Physicians (Housestaff) 2.89 1.07 7.86 0.0371 804 ' 322 2004 <0.0001
Physicians (Staff) 0.51 0.23 1.13 0.0815 1.46 0.63 3.3¢ 0.3788
Nurses 2.07 0.98 4.32 0.0538 493 2.26 10.75 0.0001
Nursing Assistants 1.67 0.66 4.25 0.28086 2.87 1.18 6.97 0.02
Lab Techs, Others 0.64 0.32 1.26 0.1954 2.09 0.98 4.45 0.0553

Blood Exposure P <0.0001 <0.0001
1-8 2.40 1.64 3.51 <0.0001 2.35 1.69 3.28 <0.0001
>=7 3.48 2.05 593 <0.0001 347 2.02 478 <0.0001

Influenza Vaccinations © _<0.0001 ) <0.0001
1 3.25 2.01 527 <0.0001 2.23 1.83 3.25 <0.0001
2 or more 2.23 1.46 3.40 0.0002 2.27 1.57 3.28 <0.0001

~ Constant 450 18.75 <0.0001 115 1.78 - 0.0012

@ Odds of vaccination per year of age.
b Baseline strata = housekeepers, others.
C Baseline strata = none (in prior year).

Published in Doebbeling BN, Ferguson KJ, Kohout FJ. Predictors of hepatitis B vaccine acceptance in health care
workers. Medical Care 34:58-72, 1996.
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