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Abstract

Medical Center Occupational Health (MCOH) programs must protect health care personnel (HCP)
against the occupational risk of vaccine-preventable diseases. This thematic review outlines the
rationale for the use of recommended vaccines in HCP; summarizes the available evidence regarding
vaccine effectiveness, administration, and assessment of immunity; and provides guidance for MCOH
programs navigating challenging situations.
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“For at first, neither were the physi-
cians able to cure it, through ignorance
of what it was, but died fastest them-
selves, as being the men that most
approached the sick.”

- Thucydides1

Mayo Clinic, Rochester,
MN (M.D.S.) and Depart-
ment of Emergency Med-
icine, Perelman School of
Medicine, Philadelphia, PA
(A.J.B.).
F rom the Plague of Athens in 430 BC, to
the Ebola epidemic of 2014, health care
personnel (HCP) have toiled on the

front lines of the battle against infectious dis-
ease, often placing themselves in harm’s way
in the service of their patients. Except for
the military, no other occupation involves
such pervasive, varied, and unpredictable
exposure to workplace hazards, from muscu-
loskeletal strains to workplace violence to
psychological stress to chemical and biolog-
ical agents. Protecting these essential workers
requires comprehensive strategies. Safe and
effective vaccines are the cornerstone of any
Medical Center Occupational Health
(MCOH) program.
CLINICAL NEED
MCOH programs must estimate individuals’
susceptibility to infectious diseases based
largely on vaccination and/or serology re-
cords. The need to assess and document likely
adult immunity from childhood vaccinations,
in the absence of an outbreak or exposure, is
perhaps unique to this occupational setting.
Key questions for each vaccine-preventable
disease (VPD) include the following: Was
the correct vaccine administered appropri-
ately? How durable is vaccine-mediated
o Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
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immunity? How reliable is a history of infec-
tion? How well do serologic tests correlate
with immunity? Are boosters needed? How
should facilities manage nonimmune HCP?
Although comprehensive guidelines are peri-
odically provided by the Advisory Committee
on Immunization Practices (ACIP), most
recently, in 2011,2 recent developments in
vaccine formulations and recommendations
warrant an updated review.

HCP vaccination programs are needed for
several reasons above and beyond protecting
health care workers from occupational infec-
tion. Vaccines help employers maintain staff-
ing by preventing postexposure furloughs
and reducing HCP concerns about working
during pandemics.3 Although available evi-
dence demonstrates that HCP are far more
often victim than vector,4-7 decreasing risk
of transmission to patients and others is
another important reason to protect HCP.
SCIENTIFIC OVERVIEW OF CLINICAL
STUDIES
This review uses the Centers for Disease Con-
trol and Prevention (CDC) definition of HCP:
“all paid and unpaid persons working in
health-care settings who have the potential
for exposure to patients and/or to infectious
materials, including body substances,
contaminated medical supplies and equip-
ment, contaminated environmental surfaces,
or contaminated air.”2 In considering the sci-
entific evidence underpinning recommenda-
tions for HCP, we must consider vaccine
efficacy (VE) for this population, when
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known. As the health care workforce is aging
and includes people with chronic diseases, VE
estimates for healthy adults below age 65 may
overestimate VE in this population.
Hepatitis B Vaccine
Rationale for HCP Vaccination. Hepatitis B
virus (HBV) is a highly contagious bloodborne
pathogen, with a transmission risk of 10% to
30% via needlestick or other percutaneous
exposure.2 Patients with hepatitis B e antigen
or high levels of HBV DNA are the most con-
tagious, although all patients with detectable
HBV surface antigen (HBsAg) are infectious.8

Health care personnel are at occupational
risk of exposure to blood or other potentially
infectious materials (OPIM).9 Since 1989, the
CDC has recommended HBV vaccination for
all HCP. Following implementation of the
Occupational Safety and Health Administra-
tion’s Bloodborne Pathogen Standard in 1991,
requiring health care employers to provide
vaccination to all potentially exposed HCP,10

vaccination rates increased dramatically.11

Occupationally acquired HBV, once com-
mon, has become rare.12 Nevertheless, vaccine
coverage remains suboptimal; approximately
25% of US HCP with direct patient contact
report never completing a 3-dose series.13

Universal childhood vaccination is now
the cornerstone of US HBV-elimination strat-
egy.14 HBV vaccine is highly effective in in-
fants, achieving serologic conversion rates
above 95%. The vaccine is less immunogenic
in adults.15 Among HCP aged 18 to 40, the
3-dose series of recombinant HBV vaccine
is 86% to 90% effective, but seroconversion
rates are lower in HCP older than 40, espe-
cially those with chronic diseases.16

Vaccine Administration, Formulations, and
Boosters. Correct vaccine administration
and timing are crucial. Standard recombi-
nant HBV vaccine is administered at 0, 4,
and 24 weeks as an intramuscular (IM) in-
jection. Accelerated vaccination schedules
are not more effective, and immunogenicity
is hampered by delays in the second dose
or administration into the gluteus muscle.17

A newly approved hepatitis B vaccine,
HBsAg-1018, uses a toll-like receptor 9
Mayo Clin Proc. n October 2019;9
agonist adjuvant. This vaccine is given in a
2-dose series, administered at 0 and 4 weeks.
This formulation produces better seroprotec-
tion than the 3-dose vaccine, significantly
shortening the vaccination series without
sacrificing safety.18-21 Despite higher cost
per dose, the convenience and improved
immunogenicity of the 2-dose series makes
it a cost-effective option for MCOH
programs.22

HBV surface antibody (HBsAb) levels
wane over time in a large percentage of peo-
ple vaccinated over 10 years previously;
anamnestic responses to vaccine boosters in
this population indicate that once estab-
lished, immune memory is preserved.23-25

Routine boosters are not necessary.

Serologic Evidence of Immunity. Following
the final vaccine dose, HCP should have im-
munity assessed via serology with IgG for
HBsAb. Those lacking seroprotective HBsAb
following the initial series should undergo a
second series, with another HBsAb 4 weeks
after completion. Consideration should be
given to using the 2-dose adjuvanted
HBsAg-1018 vaccine in adults because of its
higher immunogenicity. Following 2 com-
plete series, more than 90% of adults will
develop immunity, although there is an in-
verse association with age.2

HCP who fail to develop protective levels
of HBsAb after 2 complete series of vaccine are
considered “nonresponders.” Despite lack of
a robust humoral immune response, most
nonresponders seem to develop HBsAg-
specific memory B cells.26 Three doses of in-
tradermal recombinant vaccine stimulates
seroconversion in a high proportion of nonre-
sponders and is reasonable to offer to this
population.27-29

Nonresponders and previously unvacci-
nated nonimmune HCP exposed to blood or
OPIM known or suspected to be contagious
for HBV should receive postexposure immu-
noprophylaxis with hepatitis B immune glob-
ulin, along with HBV vaccine if incompletely
vaccinated, per CDC guidelines.8

The phenomenon of waning HBsAb levels
presents a quandary for evaluatingHCP vacci-
nated in childhood, as most will not have
4(10):2127-2141 n https://doi.org/10.1016/j.mayocp.2019.01.035
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previous documentation of seroconversion.
Althoughmore than 95% of individuals vacci-
nated in infancy are likely to have durable im-
munity, 60% to 85% of those testedmore than
10 years after vaccination will have an HBsAb
below 10 IU/mL.23-25 One challenge dose of
vaccine will result in an anamnestic response
in the vast majority of these adults.24,25

Health care facilities have 2 options for
managing previously vaccinated HCP without
documentation of postvaccine serology: pre-
exposure serology for all at-risk employees or
immediate postexposure HBsAb for all HCP
who report occupational exposures to blood
or OPIM. Cost-effectiveness comparisons sug-
gest that pre-exposure assessment is more
expensive but prevents more occupational in-
fections. The cost per quality-adjusted life year
is high for both strategies anddifferswith length
of employment, with the pre-exposure strategy
becoming more cost effective after 3 years.30
Measles, Mumps, and Rubella (MMR)
Vaccine
Rationale for Vaccination of HCP. Although
measles was declared eradicated from the
United States in 2000, outbreaks continue
to occur because of continued global preva-
lence, international travel, and lack of uni-
formly high US vaccination rates.31 Because
people with measles often need medical care,
HCP have a relative risk between 2 and 19 of
contracting measles compared with the
general population.4 Recently, outbreaks of
mumps in communities, colleges, and hos-
pitals have reinforced the need to maintain
HCP immunity.32 Although endemic trans-
mission of rubella was eliminated in the
United States in 2004, imported cases of
rubella continue to occur. A recent occupa-
tional exposure to a nonimmune health care
worker emphasizes the ongoing risk.33

Vaccine Administration, Formulations, and
Boosters. Vaccines against measles, mumps,
and rubella were first licensed in 1963, 1967,
and 1969, respectively. Trivalent MMR vaccine
was licensed in 1971 and has supplanted single-
antigen vaccines. ACIP recommended univer-
sal childhood vaccination with MMR, which
quickly became a standard US school entry
Mayo Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
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requirement.34 The CDC has recommended
HCP MMR vaccination since 1987, evolving to
current recommendations of 2 doses of measles
and mumps and 1 of rubella for HCP who lack
evidence of immunity.2 Evidence of immunity
includes appropriately timed immunization (2
doses after age 12 months, separated by at least
28 days, for measles and mumps; 1 dose after
age 12months for rubella), laboratory evidence
of immunity or disease, or birth before 1957. In
an outbreak situation, these older HCP should
also be vaccinated if they lack laboratory evi-
dence of immunity. Given the logistic chal-
lenges and resource constraints facing MCOH
programs during outbreaks, facilities may
choose to apply the same requirements for all
HCP, regardless of age.

Serologic Evidence of Immunity. Case re-
ports of vaccinated HCP contracting measles
raise the question of whether vaccination is
adequate evidence of immunity.35-37 Unfortu-
nately, available serologic assays are inade-
quate to assess immune status fully.
Individuals with positive IgG titers have
become infected with measles and
mumps.37,38 Vaccine-induced antibody may
be effective against vaccine-strain antigens and
yet lack efficacy against wild-type virus.38

Negative serology can underestimate immu-
nity because it cannot detect crucial vaccine-
mediated cellular immune responses.39,40

Among commercially available test method-
ologies to detect IgG, enzyme immunoassay
(EIA) is the most sensitive.41,42 Although IgG
provides reasonable, if imperfect, evidence of
immunity, postvaccination serologic surveil-
lance is not recommended.

MCOH programs must often document
immunity in newly hired HCP without
vaccination records. Cost effectiveness of
vaccination vs prevaccination serologic
screening will vary with population sero-
prevalence and costs of laboratory testing
and vaccine. Institutions can reasonably
select either option, or a combination
approach, depending on operational con-
straints and HCP preferences.43

Special Considerations. MMR vaccination
must be deferred in (nonimmune) pregnant
/10.1016/j.mayocp.2019.01.035 2129
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and immune-compromised HCP for whom
live virus vaccines are contraindicated. Like
their patients, these HCP depend on scru-
pulous attention to isolation and personal
protective equipment (PPE) protocols for
potentially contagious patients. We strongly
advocate implementing precautions for pa-
tients whose differential diagnosis includes
measles, rubella, or varicella until these dis-
eases are ruled out.

Although MMR contains attenuated vi-
rus, no clinically important shedding occurs
postvaccination, and there is no need to
remove HCP from patient care environments
after vaccination. Approximately 5% of vac-
cine recipients experience a transient post-
vaccination rash, which is not contagious.
Varicella Vaccine
Rationale for Vaccination of HCP. Occupa-
tional exposure to varicella is a serious ongoing
hazard to HCP and patients, particularly those
with immune compromise.44-46 Airborne
transmission occurs with primary chickenpox
and disseminated zoster (which may present
atypically in immune-compromised in-
dividuals), but case reports have described
isolated incidents of apparent airborne trans-
mission from single-dermatome shingles.45,47

Because transmission can occur before onset
of rash, susceptible HCP should be removed
from the workplace during the incubation
period, days 8 to 21 postexposure.2 Exposure
to varicella in health care facilities is common,
expensive, and disruptive. High infectivity and
potential staffing impact make establishing
HCP immunity an MCOH priority.

Vaccine Administration, Formulations, and
Boosters. When varicella vaccine was intro-
duced in 1995, HCP vaccination recommen-
dations immediately followed.48 This live
virus vaccine, administered as a 2-dose se-
ries, is 95% effective in children and
approximately 80% effective in adults.48

Vaccine-mediated immunity is less robust
than natural immunity and may decrease
after 10 to 20 years.49

Serologic Evidence of Immunity. As with
MMR, commercially available EIAs are
Mayo Clin Proc. n October 2019;9
somewhat insensitive to varicella vaccine-
induced antibodies.50 Thus, although vac-
cine is an important tool to protect HCP,
increasing childhood and adult vaccination
rates complicate serologic interpretation.
Although approximately 80% of adults sero-
convert following vaccination, 30% may lose
serologic evidence of immunity over time.51

However, negative titers by available EIAs
may underestimate clinical immunity.52

Vaccinated adults develop less disease and
less severe disease than unvaccinated con-
trols, likely reflecting cell-mediated immu-
nity and humoral responses not easily
measured outside research laboratories.51 In
one study, 70% of vaccinated exposed HCP
with negative varicella (VZ) IgG titers by EIA
had evidence of immunity by the labor-
intensive fluorescent-antibody-to-membrane-
antigen assay.53

Conversely, vaccine-induced seroconver-
sion doesn’t guarantee immunity. Even with
a positive VZ IgG by EIA, HCP can have low-
avidity antibody and remain susceptible,52

possibly explaining rare occurrences of pri-
mary chickenpox in HCP with positive VZ
IgG.47

Given the relatively recent introduction of
vaccine and high rates of childhood infection,
especially among older HCP, much study has
focused on the utility of chickenpox disease
history. Seroprevalence studies indicate the
positive predictive value of history to predict
seropositivity is above 95%,whereas the nega-
tive predictive value of a negative or uncertain
history is quite low.54-56 However, as younger
HCP enter the workforce, seroprevalence in
unvaccinated adults will likely decrease.

Multiple cost-effectiveness studies have
evaluated strategies to confirmvaricella immu-
nity, usually concluding that serologic testing
only for HCP without a clear history of chick-
enpox infection is most cost effective.57,58

Although a reasonable approach in resource-
limited settings, this strategy prevents fewer
cases than serologic screening for all unvacci-
nated HCP. Screening all unvaccinated HCP
is cost effective when the impact of patient ex-
posures to infected HCP is considered.59

Furthermore, cost-effectiveness studies over-
look real-life experience in MCOH programs,
4(10):2127-2141 n https://doi.org/10.1016/j.mayocp.2019.01.035
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in whichmany HCP provide previous records.
US HCP often have records of vaccination or
serologies from previous schools or jobs,
lowering employers’ costs and making sero-
logic testing for those without documented
immunity more feasible. Cost-effectiveness
models are also sensitive to susceptible HCP
compliance with vaccination, generally
assuming a 30% declination rate. However,
this depends on facility policy; requiring vacci-
nation in the absence of contraindications
would further improve cost effectiveness.

Given the potential impact to coworkers,
patients, and operations from any HCP with
chickenpox, the ACIP defines evidence of
varicella immunity as documentation of 2
doses of vaccine, positive serology, or labora-
tory diagnosis of disease, not clinical history
of disease.2 Postvaccination serology is not
indicated; if performed anyway, and found
to be negative, there is no recommendation
for a third vaccine.

Special Considerations. Varicella vaccine is
a live attenuated vaccine, contraindicated in
pregnancy and immune compromise. All
HCP, regardless of vaccination or presump-
tive immunity, should use appropriate
infection-control practices and PPE when
caring for patients with suspected varicella.
Unvaccinated staff without evidence of im-
munity should not be assigned to potentially
contagious patients. Given concerns about
relatively increased susceptibility in vacci-
nated vs previously infected HCP, post-
exposure management differs slightly for
these groups. Whereas exposed HCP with
natural immunity require no intervention,
and unvaccinated nonimmune HCP require
exclusion from the workplace during the
incubation period, vaccinated HCP may
continue to work after exposure with
monitoring and should be evaluated and
removed from work if they develop fever or
rash illness during the incubation period.

Mild varicella-like rash may occur
following vaccination in up to 5% of HCP;
vaccine-strain varicella can be isolated from
these vesicles. These HCP are not contagious
via the respiratory route, so they need not be
removed from the workplace entirely, but
Mayo Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
www.mayoclinicproceedings.org
they should not have direct contact with sus-
ceptible patients at risk for varicella complica-
tions (eg, pregnant or immune compromised)
until the lesions have dried or crusted.

Pertussis Vaccine
Rationale for Vaccination of HCP. Pertussis
is an important cause of morbidity and mor-
tality in children, particularly infants too
young to be vaccinated. Nosocomial trans-
mission to infants occurs in hospitals,60

and HCP, especially those caring for chil-
dren, have occupational risk of contracting
pertussis. Although the disease is generally
much milder in adults, HCP have experi-
enced serious illness.61 Pertussis in adults is
common, transmissible, frequently subclini-
cal, and often unreported.62,63

Pertussis is spread through respiratory
droplets, and health care-associated trans-
mission can occur between HCP and co-
workers as well as between patients and
HCP. The experience of large hospital
pertussis outbreaks in which no patients
were infectedddespite receiving care from
infected HCPddemonstrate the effective-
ness of droplet precautions.6,7

Hospital outbreaks are expensive, none-
theless.6,64 Contact tracing, notification, edu-
cation, and offer of postexposure prophylaxis
are necessary for exposed HCP and patients.
Although several outbreak reports have noted
that the costs of outbreak management
exceed the costs of vaccinating all HCP in a fa-
cility, there is, unfortunately, not a direct
trade-off in costs. Few exposures are prevent-
able,64 and HCP vaccination does not funda-
mentally change exposure management.
Because of imperfect and waning vaccine-
induced immunity, vaccinated HCP should
be offered postexposure prophylaxis,65 and
symptomatic HCP should be furloughed
regardless of vaccine status. HCP vaccination
may reduce the number and costs of out-
breaks modestly in situations when the index
case is a health care worker. Cost-
effectiveness models suggest that HCP
pertussis vaccination programs are cost
saving in facilities that experience at least 1
pertussis outbreak per decade66 or when the
risk of HCP-introduced pertussis exceeds
/10.1016/j.mayocp.2019.01.035 2131
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0.3%permonth and the Tdap vaccination rate
exceeds 25%.67

Vaccination rates among HCP vary
widely and are likely still in flux, as the vac-
cine was introduced relatively recently.
Approximately one third of US hospitals
had pertussis vaccination policies by 2011,
although target population and specific re-
quirements varied widely.68 Surveys suggest
US HCP vaccination rates have risen steeply
from 27% in 2011 to 47% by 2014.69-71

Voluntary vaccination programs have
achieved variable results, with some report-
ing over 90% vaccination.72 Some US hospi-
tals have instituted Tdap requirements, with
predictably high vaccination rates.73,74

Despite decades of routine childhood im-
munization, pertussis remains endemic
worldwide. Disease prevalence in adults is
increasing. Although enhanced awareness
and improved diagnostics may partially ac-
count for the increase in reported cases,
the most important driver for this trend is
likely waning vaccine-induced immunity.
Childhood whole-cell pertussis vaccines
have largely been supplanted by acellular
vaccines, although vaccine types and sched-
ules vary markedly across the globe. The
shift to acellular childhood vaccine may
decrease the durability of immunity. Among
acellular vaccines, there is variability in the
number and concentration of pertussis anti-
gens and adjuvants, making direct compari-
sons difficult. Pertussis vaccines contain
different combinations and concentrations
of detoxified pertussis toxin (PT), filamen-
tous hemagglutinin (FHA), pertactin
(PRN), and fimbriae serotypes 2 and 3
(FIM2 and FIM3). There is no consensus
on ideal antigen composition.

Vaccine Administration, Formulations, and
Boosters. Adult pertussis vaccine is com-
bined with tetanus and diphtheria vaccine in
Tdap. Two US manufacturers produce Tdap:
GlaxoSmithKline (Boostrix) and Sanofi-
Pasteur (Adacel). Boostrix contains 8 mg
each of PT and FHA antigens and 2.5 mg of
PRN, while Adacel contains 2.5 mg of PT, 5 mg
of FHA, 3 mg of PRN, and 5 mg of FIM2 and
FIM3. In 1 retrospective cohort study,
Mayo Clin Proc. n October 2019;9
adolescents who received Boostrix demon-
strated higher antibody levels and a lower rate
of pertussis infection than those receiving
Adacel; however, antibody levels fell precipi-
tously over 5 years in both groups. TheWorld
Health Organization and CDC currently
recommend only 1 adolescent or adult dose of
Tdap, followed by regular tetanus/diphtheria
boosters at 10-year intervals, except for
additional Tdap boosters in every pregnancy
for maternal antibody protection of new-
borns. Additional periodic adult pertussis
boosters have not been recommended, but
some investigators have suggested that this
may be useful,75 and the safety and short-term
immunogenicity of second Tdap boosters
have been established.76

Serologic Evidence of Immunity. There is no
straightforward serologic correlate of protec-
tion against pertussis. IgG against PT is the
most commonly used indicator, but it is
the fastest-waning vaccine-induced anti-
body, and its absence is often compensated
for by cell-mediated immunity. Studies of
pertussis seroprevalence and vaccine immu-
nogenicity differ in the antibodies used to
define immunity and the cutoff values used,
making both comparisons difficult.

Special Considerations. Although only 1
pertussis vaccine is recommended for adults,
booster doses are recommended with each
pregnancy. For maximal newborn protec-
tion, vaccine should be administered at 27
to 36 weeks’ gestation. Newly hired HCP in
earlier pregnancy stages should be appropri-
ately counseled. For employers requiring
pertussis vaccine, it is reasonable to defer
vaccination until the optimal stage of
pregnancy.

Influenza Vaccine
Rationale for HCP Vaccination. A century
ago, the 1918 influenza epidemic raged
around the world, with high illness and mor-
tality rates among young adults including
HCP. Death rates were higher for HCP tend-
ing the sick in the United States than those
working overseas in military settings.77

Influenza in Minnesota HCP drastically
4(10):2127-2141 n https://doi.org/10.1016/j.mayocp.2019.01.035
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affected clinical care across the state,78 mir-
roring the devastation in other states.

Influenza remains an annual occupa-
tional hazard for HCP with concerns for
infection, transmission, and absenteeism.
Vaccination must be an integral part of
comprehensive influenza-prevention pro-
grams, although it is less effective than other
HCP vaccines. In a metanalysis of VE in
adults aged 18 to 65, excluding seasons in
which the vaccine did not match circulating
strains, the pooled efficacy of trivalent inac-
tivated vaccine was 59%.79 Despite its
modest VE, the benefits of vaccination to
HCP are clear, with reductions in both
illness and absenteeism.80 Overall evidence
supportsdand the CDC recommendsdaim-
ing for universal annual immunization of
HCP.81

Naturally, there is interest in whether
HCP vaccination benefits their patients.
HCP may be more likely than other profes-
sions to work when ill, posing a risk for
transmission of influenza and other respira-
tory illnesses to medically vulnerable pa-
tients. Infection-control practices, such as
handwashing, likely mitigate this risk.
Studies addressing the impact on patients
from HCP immunization are strongest in
long-term care (LTC) settings, where pa-
tients are both most vulnerable to influenza
complications and most likely to remain in
situ during the incubation period. Ironically,
HCP vaccination rates are lowest in this
setting.82 Several cluster randomized trials
found associations between all-cause mortal-
ity and ILI among LTC residents and volun-
tary HCP vaccination programs achieving
modest rates of vaccination.83-85 The lack
of an effect on influenza infection in resi-
dents, the presence of bundled educational
interventions, and lack of blinding in these
studies necessitates a cautious interpretation,
especially if extrapolating these findings to
different interventions or clinical settings.
Comprehensive influenza-control programs,
including increased HCP vaccination, have
been associated with a decline in nosocomial
influenza among patients.86,87 Systematic
reviews have not found strong evidence of
a protective effect to patients from HCP
Mayo Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
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influenza vaccine,88-90 but there may be an
interactive effect between vaccination of pa-
tients and HCP. Studies in LTC have found
an association between influenza outbreaks,
HCP vaccination rates, and resident vaccina-
tion rates.91,92

Vaccine Administrations, Formulations, and
Boosters. Influenza vaccines are generally
inactivated IM products designed to induce
immune protection against the 3 or 4 strains
judged most likely to circulate in a coming
influenza season.81 As the majority of
vaccines are manufactured in eggs with pro-
duction cycles of up to 6 months, the strains
must be identified well before influenza begins
circulating in the United States. Genetic drift
and shift during that period can drastically
alter vaccine effectiveness year to year.
Recently, cell-based and recombinant vaccines
have shown promise in terms of shorter pro-
duction cycles and better immune protection.

Among inactivated IM influenza vaccine
products, adjuvanted and high-dose vaccines
may confer additional protection for adults
older than age 65.81 There is some evidence
that recombinant vaccine may be more effec-
tive in adults older than age 50.93

In addition to inactivated influenza vac-
cines, a live attenuated product has been
intermittently ACIP-approved for healthy
nonpregnant adults below age 50, including
HCP.94 This product has obvious advantages
for needle-averse staff; however, there are
ongoing concerns about its effectiveness
compared with injectible products. Intrader-
mal vaccines have also been ACIP approved
during some flu seasons. The spectrum of
influenza vaccine products increases every
year, and MCOH professionals should con-
sult the most recent recommendations
before making purchase decisions.

Special Considerations. Overall, annual
influenza immunization rates for US HCP
have risen steadily, but only inpatient hospital
HCP have met the Healthy People 2020 goal
of 90%.82 Influenza immunization for HCP
differs from other immunizations for this
population because it must be an annual pro-
gram. Specific challenges include reaching
/10.1016/j.mayocp.2019.01.035 2133
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TABLE 1. Summary of Recommended Vaccines for Health Care Personnel

Vaccine-preventable
disease HCP group at Risk Acceptable evidence of immunity Role of postvaccination serology Exceptions and caveats

Hepatitis B HCP at risk of exposure to
blood or other potentially
infectious material

One complete HBV vaccine series followed by
positive HBsAb, or

Laboratory evidence of infection.
(Two complete HBV vaccine series followed

by negative HBsAb signifies vaccine
nonresponse and lack of immunity.)

Obtain HBsAb 1 to 2 months postvaccine.
Once documented, it does not need to be

repeated in immune-competent HCP.
Waning antibody titer is expected, but
immune memory persists.

For HCP with documentation of remote
vaccination and no subsequent HBsAb,
facilities should select a strategy to
determine serologic status, either at hire or
postexposure.

HCP who are immune compromised or
undergoing hemodialysis should have serial
HBsAb with booster vaccination, as needed,
to maintain immunity.

In nonresponders, perform full hepatitis B
serology to rule out infection. Educate all
nonresponders about need for HBIG
postexposure.

Perform risk assessment and management of
infected HCP following published guidelines.

Measles All HCP Two measles/MMR vaccines, given at least 28
days apart and after 12 months of age, or

Positive measles IgG, or
Laboratory evidence of infection, or
Birth prior to 1957.

Do not perform postvaccination measles IgG.
If performed and negative, additional doses
of vaccine are not indicated.

In outbreak or exposure situation, birth before
1957 is not adequate evidence of immunity.

Mumps All HCP 2 mumps/MMR vaccines, given at least 28 days
apart and after 12 months of age, or

Positive mumps IgG, or
Laboratory evidence of infection, or
Birth prior to 1957.

Do not perform postvaccination mumps IgG. If
performed and results are negative,
additional doses of vaccine are not
indicated.

In outbreak or exposure situation, birth before
1957 is not adequate evidence of immunity.

Rubella All HCP One rubella/MMR vaccine, given after 12
months of age, or

Positive rubella IgG, or
Laboratory evidence of infection, or
Birth prior to 1957.

Do not perform postvaccination rubella IgG. If
performed and results are negative,
additional doses of vaccine are not
indicated.

In outbreak or exposure situation, birth before
1957 is not adequate evidence of immunity.

Varicella All HCP Two varicella vaccines, given at least 28 days
apart and after 12 months of age, or

Positive varicella IgG, or
Laboratory evidence of infection.

Do not perform post vaccination varicella IgG.
If performed and results are negative,
additional doses of vaccine are not
indicated.

ACIP guidelines include verification of disease
history or clinical diagnosis from any health
care provider as acceptable evidence of
immunity. However, mild or atypical disease
may be incorrectly attributed to varicella,
and such clinical details are rarely available to
MCOH programs. In our opinion, obtaining
a varicella IgG in these situations is
reasonable.

Continued on next page

M
A
YO

C
LIN

IC
PRO

C
EED

IN
G
S

2134
M
ayo

Clin
Proc.

n
O
ctober

2019;94(10):2127-2141
n

https://doi.org/10.1016/j.m
ayocp.2019.01.035

w
w
w
.m

ayoclinicproceedings.org

https://doi.org/10.1016/j.mayocp.2019.01.035
http://www.mayoclinicproceedings.org


TA
B
LE

1.
Co

nt
in
ue

d

V
ac
ci
ne
-p
re
ve
nt
ab
le

di
se
as
e

H
C
P
gr
ou

p
at

Ri
sk

A
cc
ep
ta
bl
e
ev
id
en
ce

of
im
m
un
ity

Ro
le
of

po
st
va
cc
in
at
io
n
se
ro
lo
gy

Ex
ce
pt
io
ns

an
d
ca
ve
at
s

Pe
rt
us
sis

A
ll
H
C
P,
es
pe
ci
al
ly
in

pe
di
at
ric

se
tt
in
gs

O
ne

Td
ap

va
cc
in
e

N
o
se
ro
lo
gi
c
co
rr
el
at
es

of
im
m
un
ity

ha
ve

be
en

es
ta
bl
ish

ed
.

In
fl
ue
nz
a

A
ll
H
C
P

O
ne

in
fl
ue
nz
a
va
cc
in
e
an
nu
al
ly

N
o

M
en
in
go
co
cc
al

M
ic
ro
bi
ol
og
ist
s
ha
nd
lin
g
N
.

m
en
in
gi
tid
is
iso

la
te
s

M
en
in
go
co
cc
al
A
C
W

Y
an
d
m
en
in
go
co
cc
al

se
ro
gr
ou

p
B
va
cc
in
at
io
n
ev
er
y
5
ye
ar
s
w
hi
le

at
ris
k

N
o

C
on

su
lt
w
ith

la
bo

ra
to
ry

m
ed
ic
al
di
re
ct
or

to
as
se
ss

on
go
in
g
ris
k
of

ex
po

su
re
.

Ty
ph
oi
d

M
ic
ro
bi
ol
og
ist
s
ha
nd
lin
g
S.

ty
ph
ii
so
la
te
s

Li
ve
,a
tt
en
ua
te
d
or
al
ty
ph
oi
d
va
cc
in
e
ev
er
y
5

ye
ar
s
w
hi
le
at

ris
k,
or

in
ac
tiv
at
ed

IM
ty
ph
oi
d

va
cc
in
e
ev
er
y
2
ye
ar
s
w
hi
le
at

ris
k

N
o

C
on

su
lt
w
ith

la
bo

ra
to
ry

m
ed
ic
al
di
re
ct
or

to
as
se
ss

on
go
in
g
ris
k
of

ex
po

su
re
.

A
C
IP
¼

A
dv
iso

ry
C
om

m
itt
ee

on
Im
m
un
iz
at
io
n
Pr
ac
tic
es
;H

BI
G
¼

he
pa
tit
is
B
im
m
un
e
gl
ob

ul
in
;H

Bs
A
b
¼

he
pa
tit
is
B
su
rfa
ce

an
tib
od

y;
H
BV

¼
he
pa
tit
is
B
vi
ru
s;
H
C
P
¼

he
al
th

ca
re

pe
rs
on

ne
l;
M
C
O
H
¼

m
ed
ic
al
ce
nt
er

oc
cu
pa
tio

na
l

he
al
th
;M

M
R
¼

m
ea
sle
s,
m
um

ps
,a
nd

ru
be
lla

va
cc
in
e;
Td

ap
¼

te
ta
nu
s,
di
ph
th
er
ia
,a
nd

ac
el
lu
la
r
pe
rt
us
sis
.

VACCINES FOR HEALTH CARE PERSONNEL

Mayo Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
www.mayoclinicproceedings.org
HCP on all shifts, purchasing and deploying
vaccine and related supplies, and obtaining
adequate staffing to vaccinate during the rec-
ommended time frame each year. Factors
associated with successful MCOH influenza
immunization programs include free and
convenient vaccine on all shifts and in all lo-
cations, well-advertised special events,
adequate staffing, and employee educa-
tion.95,96 Employer requirements for annual
HCP immunization can dramatically increase
annual participation.74,96,97 Current research
efforts to develop influenza vaccines with
shorter manufacturing cycles, better effective-
ness, more conserved antigenic targets, and
durable immunity are promising. The “holy
grail” of a universal influenza vaccine would
greatly benefit HCPaswell as their patients and
communities.

Vaccines for Targeted Subpopulations
Although most HCP are exposed to patients
or the patient care environment, others may
have occupational exposure to more un-
usual pathogens. Where safe and effective
vaccines exist, they should be offered to pro-
tect workers from those hazards.

Microbiologists who handle specimens
potentially containing meningococcus should
be vaccinated with both the ACWY and
serogroupB vaccines. Both are inactivated vac-
cines; for ongoing occupational exposure,
boosters every 5 years are recommended.98

Similarly, microbiologists who manipulate
samples likely to contain salmonella typhi
should be offered typhoid immunization,
available as either a live oral vaccine, which
is boosted every 5 years, or as an inactivated
IM injection every 2 years.99 Consultation
with laboratory medical directors and
infection-prevention personnel is advisable
to identify exposure risks for each laboratory.

Recommended vaccines for HCP, with the
correlates of immunity and related manage-
ment strategies reviewed above are summa-
rized in Tables 1 and 2. Vaccinations for
research laboratory personnel are complex
and outside the scope of this review. MCOH
programs serving biomedical research labora-
tories should work closely with their institu-
tional biosafety officers and research animal
/10.1016/j.mayocp.2019.01.035 2135
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TABLE 2. Dos and Don’ts of Health Care Personnel Vaccine Program
Management

d DO obtain complete vaccination records when possible.
d DO document postvaccination serology for hepatitis B, either at hire for all at-risk

HCP or upon exposure.
d DO offer postexposure prophylaxis after unprotected exposure to pertussis,

regardless of HCP vaccination status.
d DON’T obtain postvaccination serology for measles, mumps, rubella, or varicella.
d DON’T repeat postvaccination HBsAb once seroconversion is documented (ab-

sent a bone marrow transplant or hemodialysis)
d DON’T forego PPE in vaccinated staff caring for patients with vaccine-preventable

diseases such as respirators for varicella, measles, and high-risk influenza situations.

HBsAb ¼ hepatitis B surface antibody; HCP ¼ health care personnel; PPE ¼ personal protective
equipment.
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veterinarians to identify research personnel
and animal handlers at risk for unusual
VPDs, such as vaccinia, diphtheria, and rabies,
and enroll all at-risk personnel in vaccination
programs.
CHALLENGES AND PITFALLS
The lack of a national immunization infor-
mation system (IIS) poses a challenge to
MCOH programs. State IISs attempt to
bridge this information gap, and many are
now interoperable with electronic medical
records. However, HCP frequently cross
state lines during their training and careers,
and data interchanges among IISs are typi-
cally limited to adjacent states. Adult vacci-
nations may be missing from IISs. Missing
documentation results in needless revaccina-
tion with childhood vaccines such as MMR
and hepatitis B and complicates serology in-
terpretations. For example, a positive VZ IgG
is generally accepted as evidence of immu-
nity, but if it is drawn after only 1 dose of
vaccine, immunity is not optimally durable,
and a second dose of vaccine would be
recommended.

Another challenge to MCOH programs is
safeguarding protected health information
(PHI) while communicating compliance sta-
tus clearly to supervisors. Optimal compli-
ance software will default to noncompliant
status when additional doses in a vaccine se-
ries are overdue, thereby keeping managers
updated on employee immunization require-
ments without sharing PHI. When vaccines
Mayo Clin Proc. n October 2019;9
are medically contraindicated, compliance
software should indicate compliance to man-
agers while allowing MCOH staff to track
immune status and manage work restrictions
and exposures.

MCOH programs need appropriate re-
sources and authority to respond to evolving
HCP vaccine recommendations. For
instance, ACIP has recently recommended
third doses of MMR during community and
campus mumps outbreaks.100 Compliance
software may need to adapt to a third
MMR requirement for targeted HCP groups
in outbreak situations. Compliance software
must accommodate new vaccine products
and combinations, vaccine schedule changes
(eg, 2-dose HBV vaccine), and institutional
policy changes (eg, Tdap requirements for
pediatric HCP). Investment in robust and
highly flexible MCOH compliance tracking
software is vital. Operational requirements
for HCP vaccination programs are summa-
rized in Table 3.

Management of nonimmune HCP with
vaccine contraindications or refusals poses
another challenge to MCOH programs.
Although it is preferable to keep known sus-
ceptible HCP away from patients with
known or suspected VPDs, vaccination
never obviates the need for PPE and other
precautions. Absent identified threats, such
as suspected cases or outbreaks, facilities
must make risk-based assessments, consid-
ering the community prevalence of the
VPD and the HCP’s jobs. In most cases, the
risk of occupational infection is manageable,
and unvaccinated HCP can work with appro-
priate restrictions. Patient safety must also
be considered. Except for seasonal influenza,
the risk of nonoccupational VPDs in the
United States is low, and asymptomatic
HCP do not pose a significant risk to patients
absent from known exposure. Even for influ-
enza, routine use of masks to prevent trans-
mission of disease from asymptomatic HCP
(vaccinated or not) is not supported by
evidence.

CDC recommendations to check HBsAg,
HBV core, and surface antibodies only in HCP
who have immigrated to the United States
from countries with endemic HBV present
4(10):2127-2141 n https://doi.org/10.1016/j.mayocp.2019.01.035
www.mayoclinicproceedings.org
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TABLE 3. Requirements of Occupational Vaccine Programs for Health Care Personnel

☐ Trained occupational nurses who understand principles of vaccination, immunity assessment, employee rights
and requirements, employer obligations, OSHA regulations, and institutional policy

☐ Medical direction by physician knowledgeable about vaccine-preventable diseases and the regulatory landscape
of occupational medicine

☐ Institutional policy that clearly defines required vaccines/tests, optional vaccines, exemption procedures, and
consequences of policy noncompliance

☐ Onboarding process that includes obtaining complete vaccination records when possible
☐ Privacy policy that communicates compliance status to supervisor without disclosing HCP medical information
☐ Procedure for evaluating vaccine exemption requests
☐ Written protocols for screening records and providing needed services
☐ Electronic tracking system for vaccine and serology records with the following:

☐ Daily or real-time update of personnel and jobs from HR system
☐ Routine reports to monitor compliance/completion of onboard screening
☐ Rapid retrieval of data for exposure management
☐ Quality assurance procedures in place to maintain data integrity
☐ Flexibility to adapt to changing immunization formulations, schedules, and requirements

☐ Process for ensuring vaccination/immunity for nonpaid or nonemployed personnel (licensed independent
practitioners, students, contractors, volunteers, and visiting staff) that mirrors requirements for employed HCP

☐ HCP education on infection control practices and reporting of exposures and symptoms

HCP ¼ health care personnel; HR ¼ human resources; OSHA ¼ Occupational Safety and Health Administration.

VACCINES FOR HEALTH CARE PERSONNEL
another MCOH challenge. Facilities must
confront concerns about treating immigrant
employees differently or imposing additional
requirements based on country of origin. If
this practice is allowed by the Equal Employ-
ment Opportunity Commission, facilities
must develop protocols to protect PHI, accom-
modate reasonable restrictions, and avoid
creating adversarial employereemployee rela-
tionships at hire.
UNRESOLVED CLINICAL QUESTIONS
Pertussis immunitydwhether from infection
or vaccinedwanes within a decade, and there
is, at present, no recommendation for routine
adult boosters, except in pregnancy. HCP
working in exposure-prone settings, such as
pediatric emergency departments, have only
short-term benefit from 1-time vaccination.
Research assessing the utility of boosters in
at-risk occupational groups is needed.

Varicella zoster (shingles) vaccine is now
recommended for adults older than age 50
without prevaccination screening for VZ
IgG.101 However, primary varicella vaccina-
tion is still recommended for HCP without
evidence of immunity, including those above
age 50. Vaccination with 2 doses of shingles
Mayo Clin Proc. n October 2019;94(10):2127-2141 n https://doi.org
www.mayoclinicproceedings.org
vaccine has not been acknowledged as evi-
dence of varicella immunity, so MCOH pro-
grams face an awkward recommendation for
testing HCP above age 50 for VZ IgG and, if
negative, providing low-dose primary vari-
cella vaccine. HCP in this situation need
clear guidance for whether and when to
obtain shingles vaccines. Research is needed
to determine whether 2 doses of shingles
vaccine can suffice as evidence of immunity
in HCP older than 50 years of age.

Human papillomavirus and other VPDs
are found in bioaerosols to which surgical
staff may be exposed.102 Engineering controls
to evacuate surgical smoke and respiratory
protection programs can mitigate this risk,
but the role of HPV vaccine remains unclear
in this population. HPV vaccine is not recom-
mended for adults above the age of 26,103 but
the vaccine is newly licensed up to age 45,104

potentially facilitating its use in occupation-
ally exposed HCP. However, the vaccine’s
effectiveness for protection against HPV res-
piratory exposure is unknown.
CONCLUSIONS
MCOH professionals manage complex vacci-
nation programs, not only providing vaccines
/10.1016/j.mayocp.2019.01.035 2137
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but assessing adult immunity from childhood
records and serologies based on evolving evi-
dence. These programs are crucial to protect
HCP, their families, patients, and employers.
Well-trained staff, adequate resources, and
robust technology are necessary to deliver
evidence-based effective programs. Coordina-
tion with a wide variety of stakeholders is
needed. Effective HCP vaccination programs
follow best practices in immunization and
confidentiality, while simultaneously and
continuously interfacing with medical-
center human resource officers, infection-
control staff, and regulatory demands. Doing
so requires a range of training, policies, and
protocols, many of which are unique to the
MCOH setting. More research is needed to
resolve common but challenging questions
about assessing and maintaining immunity
in this adult population with ongoing risk of
exposure to VPDs.
Abbreviations and Acronyms: ACIP = Advisory Com-
mittee on Immunization Practices; CDC = Centers for Dis-
ease Control and Prevention; EIA = enzyme immunoassay;
FHA = filamentous hemagglutinin; FIM = fimbrae; HBsAb =
hepatitis B surface antibody; HBsAg = hepatitis B surface
antigen; HBV = hepatitis B virus; HCP = health care
personnel; HPV = human papilloma virus; IIS = immuniza-
tion information system; IM = intramuscular; LTC = long-
term care; MCOH = medical center occupational health;
MMR = measles, mumps, and rubella vaccine; OPIM = other
potentially infectious materials; PHI = protected health in-
formation; PPE = personal protective equipment; PRN =
pertactin; PT = detoxified pertussis toxin; Tdap = tetanus,
diphtheria and acellular pertussis vaccine; VE = vaccine ef-
ficacy; VPD = vaccine-preventable disease
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