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Foreword

Hepatitis B remains the most important infectious occupational hazard in
the WHO European Region for several reasons. It affects many more
workers than infections of comparable severity, has serious effects on
individuals and their work colleagues, and has serious economic
consequences.

However, perhaps of over-riding importance is that occupational
hepatitis B infection is preventable. In the last 10 to 15 years, improvements
in working practices and particularly the development of effective vaccines
have made hepatitis B infection a consequence of ignorance and inadequate
protection of workers rather than an unavoidable hazard of working life.
Education, information and the development of effective hepatitis B
prevention programmes are essential to protect workers in the WHO
European Region from hepatitis B infection.

The WHO Regional Office for Europe has set a target for protection of all
workers at risk of hepatitis B infection by the year 2000. It is an ambitious
target, given current levels of protection, but not an impossible one.

I hope this volume, produced with help from the Viral Hepatitis
Prevention Board, will bring to the attention of decision-makers the fact
that 50 healthcare workers become infected throughout Europe every day,
and based on current estimates, one worker at risk dies nearly every day
from the consequences of hepatitis B infection. It is our sincere desire that it
will generate the assistance needed by governments and others wanting to
improve or start hepatitis B prevention programmes. The costs to human
life and suffering as well as rising health budgets justify immediate
attention to the implementation of prevention programmes.

Francis La Ferla
Regional Adviser for Occupational Health



Preface

This volume is designed to provide information and guidance for those
trying to prevent transmission of hepatitis B in the workplace. It has been
prepared by the Viral Hepatitis Prevention Board (VHPB), an independent,
international, multidisciplinary group of experts established to consider and
encourage action on the prevention of viral hepatitis. The VHPB has been
considering the issue of occupationally acquired hepatitis B in Europe since
early 1992. A key part of this publication is the consensus statements
developed by the VHPB. They are intended to provide practical guidelines
which can be applied in all countries.

This book contains comprehensive information on hepatitis B and its
effects, its prevention in the workplace and current policy recommendations
in European countries. Health and Safety Directives from the European
Parliament will have important implications for prevention of workplace
hepatitis B in the member states of the European Community.

Safe and effective hepatitis B vaccines have been available since 1982,
but immunization of at-risk healthcare workers in western European
countries has reached a plateau at a coverage level of only 40 to 60%. This
document is a °‘call to action’ to employers, governments, unions,
nongovernmental organizations and employees themselves to effectively
control this preventable disease, which infects more than 18 000 at-risk
workers in western Europe each year.

We hope you will find it useful and relevant.

Mark Kane and Elizabeth McCloy
Viral Hepatitis Prevention Board, Special Advisers



Introduction

Hepatitis B is one of the major human diseases. It is estimated that more
than 2000 million people have been or are affected. As a result of these
infections, 350 million people are chronically infected carriers of hepatitis B
virus (HBV) and are at risk of death from the long-term consequences of
HBYV infection such as liver cirrhosis and primary cancer of the liver [1].
These carriers also represent a large reservoir of infection which serves to
perpetuate the infection through various modes of transmission.

Hepatitis B is the most important occupational infectious disease in
Europe, yet it is preventable through improved work practices and
vaccination.

Unfortunately in practice this does not always happen. In western
Europe an estimated 18 000 workers in healthcare environments are
infected every year [2]. If other at-risk workers and those at occupational

risk in eastern Europe are taken into account, the overall total is much
higher.

Hepatitis B - the Disease
Epidemiology

In much of the world, HBV is primarily an infection of children, being
transmitted from mother to child or from child to child. In Europe, North
America and Australia, however, most infections occur in adult ‘high-risk
groups’ defined by lifestyle or occupation. These epidemiological patterns
also reflect different levels of disease. In many developing countries more
than half the population has been infected by the virus and up to 20% are
chronically infected carriers [3]. In most European countries and North
America, known as countries of low endemicity’, less than 10% of the
general population have been infected by the virus, less than 2% are
chronically infected carriers, and many infections occur in ‘high risk’ groups
defined by lifestyle or occupation [3] (Fig. 1). Nevertheless, acute and
chronic HBV infection are important public health problems even in these
areas, and the disease is responsible for much morbidity, mortality,
economic loss and human suffering.



Fig. 1. Worldwide endemicity of hepatitis B virus.
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Clinical course

Hepatitis B has different clinical manifestations, depending primarily on
the age at infection, the immune status of the patient and the stage at which
the disease is recognized. Most patients infected with HBV recover
completely and develop lifelong immunity against reinfection, but some
become chronically infected carriers. Whereas infection during infancy and
early childhood is usually asymptomatic, it frequently progresses to the
chronic carrier state. Adult infection, on the other hand, may be either
symptomatic or asymptomatic, but adults usually recover and only 5 to'10%
develop the chronic carrier state [1] (Fig. 2).

Approximately one-third of acute adult infections are completely
asymptomatic, one-third present as a flulike illness without jaundice that is
rarely diagnosed as hepatitis B and one-third present as full-blown viral
hepatitis with the typical signs and symptoms [4]. These include jaundice,
dark urine, extreme fatigue, anorexia and right upper quadrant pain. Liver
transaminases are often more than 10 times the upper limit of normal and
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Fig. 2. Clinical course of hepatitis B in adults.
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serum bilirubin is markedly elevated. In less than 1% of cases fulminant
liver failure results, with an extremely high mortality.

Acute hepatitis B is clinically indistinguishable from other forms of viral
hepatitis, and it is necessary to confirm the diagnosis with specific serological
markers. The two most useful are the hepatitis B surface antigen (HBsAg),
which is detectable in blood serum in both acute and chronic hepatitis B, and
the IgM anti-core antibody (anti-HBc IgM), which is highly elevated specifically
in acute hepatitis B infection (Fig. 3). The HBsAg test is widely available but it
alone cannot distinguish acute from chronic disease, which sometimes presents
with episodes resembling acute viral hepatitis. The IgM anti-HBc test is
specific but may not be widely available outside of industrialized countries. The
presence of anti-HBs demonstrates recovery from acute infection and
immunity and is also the marker for successful vaccination (Fig. 4).

The chronic carrier state of HBV infection is defined as HBsAg positivity
persisting for at least six months, although most chronic carriers maintain
this state for the remainder of their lives. Chronic hepatitis B infection may
also present in different ways, depending on the stage of the disease. The

Fig. 3. Typical sequence of HBV serological marker appearance.
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infection may be asymptomatic with minimal histological changes in the
liver and normal transaminases, or it may present as symptomatic chronic
active hepatitis progressing to cirrhosis. Most patients with chronic
hepatitis are asymptomatic for some period, then become insidiously
symptomatic, with fatigue being the main symptom. At this stage the
hepatitis B ‘e’ antigen (HBeAg) is usually present, and progressive liver
damage is occurring. At some point the HBeAg disappears and is replaced
with its corresponding antibody, anti-HBe. This conversion is often
accompanied by a flare-up of disease which may resemble acute hepatitis B.
Following the seroconversion, liver damage usually quiets down, but the
virus has integrated its DNA into the liver cell genome of the host, and a
slow progression to primary liver cancer may occur.

Primary liver cancer (PLC) is, on a global scale, the most common
endpoint of the chronic sequelae of hepatitis B infection. It is estimated that
about 25% of chronic hepatitis B carriers will die from either cirrhosis or
PLC [3]. Since the latent period between infection and cancer is long (3545
years), PLC is usually seen in those parts of the world where childhood or

Fig. 4. Interpretation of HBV serological markers.
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perinatal infection is common. In the case of occupational exposure
occurring during adulthood, the patient may die of other causes (such as
cirrhosis) before PLC develops. If PLC develops and is not diagnosed until
symptoms occur, it is invariably fatal.

Stability and decontamination of the virus

HBYV is stable in the environment, and virus dried at room temperature is
infectious for at least one week [5]. However, environmental contamination
(except with medical or dental equipment) is not an important route of
transmission. HBV is inactivated by heating to 100 ° C for two minutes and
is sensitive to disinfection by alcohol, phenolics, peroxides, glutaraldehydes
and hypochlorite solutions. Benzalkonium chloride and related detergents,
however, may not inactivate HBV. Thorough cleaning with detergent and
water will render a surface non-infectious from a practical point of view, as
will standard hospital laundering procedures.

Occupational Risk
Extent of infection

The occupational transmission of hepatitis B was first recognized after
clinical cases of hepatitis in healthcare workers were associated with
outbreaks of jaundice in their patients. Subsequent studies showed that
healthcare workers had a higher incidence of hepatitis B and a greater
prevalence of markers of infection than those who had no occupational
exposure to patients or blood products. One study in haemodialysis centres
in the United States revealed that approximately half of the patients and
one-third of the employees had evidence of current or previous hepatitis B
infection [6]. Furthermore, the prevalence of markers indicating previous
infection increased with age and/or years in occupation [7-9].

Tens of thousands of healthcare and public safety workers are infected
with HBV at work every year. The exact figure is difficult to ascertain because
official statistics are often inadequate and do not record subclinical infections.

A study conducted by Van Damme and Tormans [2] in western Europe
estimated the incidence of infection in workers in the healthcare

12



environment such as doctors, nurses, surgeons, dentists, laboratory
technicians and support staff (allied healthcare and maintenance staff). It
did not consider other workers who might be at risk of hepatitis B infection
such as voluntary staff, prison/correctional staff, public service workers
(police, paramedics) or teachers in specialized schools, because accurate
epidemiological data are not widely available for these groups.

The study was based on the assumption that 40% of healthcare workers
and 25% of allied healthcare workers were vaccinated against hepatitis B
infection. The researchers estimated that 502 healthcare workers in northern
Europe and 6423 workers in southern Europe become infected with the
hepatitis B virus each year. Across western Europe as a whole, it is estimated
that one in 180 workers in healthcare environments — more than 18 000 —
become infected with hepatitis B every year, or 50 every day. Furthermore,
one European worker would die nearly every day from the consequences of
HBYV infection: liver cirrhosis or primary liver cancer (Fig. 5).

It has become accepted, therefore, that hepatitis B is the major
infectious occupational hazard to workers in the healthcare setting and to

Fig. 5. Annual probability of HBV infection in healthcare and allied personnel in western Europe.
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those who may come into contact with blood or other contaminated body
fluids in their workplace.

Transmission in the workplace

HBYV is present in extremely high concentrations (up to 10* infectious doses
per ml) in the sera of patients who are acutely infected or who are HBeAg-
positive carriers. Infectious fluids include:

¢ blood, blood components and blood products

¢ semen

o cerebrospinal, vaginal, synovial, pleural, pericardial, peritoneal and
amniotic fluids

e other body fluids contaminated with blood.

The virus may be transmitted when contaminated fluids penetrate the
skin or splash into the eye or onto the mucous membranes of a susceptible
individual. In the healthcare setting this may occur by transfusion with
contaminated blood, needlestick injuries and blood splashes to the eye.
Workers in healthcare and other at-risk environments may become infected
by less obvious routes of transmission. For example, infectious fluid may
enter pre-existing skin lesions that were acquired at work or at home. Such
inapparent exposures are rarely reported to the occupational health service,
and workers infected in this way may have difficulty obtaining compensation.

Contaminated medical instruments are rarely responsible for
transmission of infection in countries where equipment is sterilized and
disinfected routinely. However, contaminated acupuncture needles, lancet
devices for blood sampling of diabetics and certain jet guns have been
implicated in transmission [10-12]. There have also been cases of HBV
transmission caused by inadequately sterilized medical equipment in
certain eastern and central European countries.

HBYV is not transmitted by the respiratory route, contaminated food or
water, insects or other vectors. It is not present in urine or faeces unless
these are contaminated by blood. Saliva itself does not contain the virus, but
saliva in the mouth may contain small quantities of virus excreted by
crevicular fluid, bleeding gums or oral lesions. However, saliva is not
thought to be important in hepatitis B transmission except in dentistry,
where gross bleeding is common.
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Other at-risk workers

When interpreting epidemiological studies of the prevalence of markers of
HBV infection, allowance must be made for confounding factors such as age,
gender, socioeconomic status, country of domicile, country of origin, previous
treatment with blood or blood products, and membership of high-risk
groups.

Studies in workers who may have contact with patients and/or blood and
blood products outside hospitals show raised levels of serological markers
for HBV infection in paramedics and in teachers and support workers in
residential schools for developmentally disabled children (Table 1).

Epidemiological studies have also shown that HBV markers in those at
occupational risk increase with:

e length of employment — independent of age, personal injury or assault

e increased responsibilities without training
e as a function of contact with blood and not contact with patients [19].

Table 1. Prevalence of HBV markers in non-healthcare professionals.

Study group Control group
% HBsAg Y% HBV % HBV
Occupation markers markers  Country-Town/state
Paramedic 0-6 13.0 2.4 USA-Houston [13]
1.1 180 USA-Boston [14]
- 22-0 4.5 USA-Seattle [15]
Teacher
- resident 2.2 16-3 - USA-Missouri [16]
6-6 0-5 USA-New York City [17]
Teacher
- day 1.2 13-0 4-0 Canada [18]
1.8 USA-Missouri [16]
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Consequences of infection

The prevalence of hepatitis B infection has declined in some countries of low
endemicity since the mid-1980s. This may be due to decreased infection in
certain high-risk groups such as homosexuals and intravenous drug users,
for example, because of changes in sexual practices and reduction in needle
sharing brought about by the human immunodeficiency virus (HIV)
pandemic. Another contributing factor may be the uptake of hepatitis B
vaccination in at-risk workers [20]. However, the uptake of vaccination in
this group has been variable. The individual worker who contracts HBV
infection may face devastating consequences in terms of personal ill health,
secondary transmission and possible work restriction.

Personal ill health

Many cases of HBV infection are subclinical, but those with the full clinical
manifestations can cause significant illness and, in a small percentage of
cases, death from fulminant hepatitis. Illness and absence from work may
be prolonged. For example, work absences of 4 to 12 months are not
uncommon. Chronic infection may develop, with the consequences of
cirrhosis or primary liver cancer.

Transmission to patients

Transmission of HBV from healthcare workers to patients occurs much less
frequently than transmission from patients to healthcare workers. When this
does happen, however, the worker’s career may be prematurely ended.
Virtually all cases of transmission to patients occur when HBeAg-positive
healthcare workers perform invasive procedures and cuts on their hands
bleed into open lesions on patients. For example, oral surgeons frequently cut
their hands on sharp instruments, wire or broken teeth, and gynaecological
surgeons, who cannot see their hands during deep abdominal surgery,
frequently sustain needlestick injuries which may bleed into the patient.
Transmission has also occurred when HBeAg-positive healthcare workers
with exudative dermatitis performed invasive procedures without gloves.
Several reported outbreaks have identified transmission to more than 40
patients, with subsequent secondary transmission to spouses, infants and
other family members. Table 2 lists examples where transmission has occurred.
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Table 2. Transmission of hepatitis B infection from worker to patient.

Type of work, year |Cases Location Source Reference
GP practice, 41 cases of acute Switzerland Senior physician |21
1973-1977 hepatitis B with chronic
requiring aggressive
hospitalization (38 hepatitis with
of 41 cases had cirrhosis
jaundice) (Physician died
in1977 as a
result of illness)
Community 4 patients infected |Mississippi, Gynaecologist 22
hospital, of which 1 USA who was
1979-1980 remained HBsAg+ HBsAg+
Heart surgery 6 patients infected |Amsterdam Technician who |23
clinic, 1979 was a chronic
carrier
Heart surgery 3 patients infected |Amsterdam Surgeon who fell |23
clinic, 1979 ill with hepatitis B
and was HBsAg+
Gynaecology, 5 patients Georgia, USA  |Gynaecological- |24
1984 developed acute obstetric surgeon
hepatitis B 4 months who was HBsAg
after surgery and HBeAg+
Dentistry, 9 cases of Indiana, USA  |Dentist whowas |25
1984-1985 hepatitis B of which HBsAg and
2 patients died from HBeAg+
fulminant hepatitis
Gynaecology, 6 patients were United Kingdom |Gynaecologist 26
1985-1987 HBsAg+ and who was HBsAg
showed markers of and HBeAg+
recent infection
Cardiothoracic 17 patients United Kingdom |Surgical trainee |27
unit, 1989 acquired hepatitis who was HBsAg
B markers. 2 and HBeAg+
spouses also became
infected. 11 adults
were HBsAg+
Acupuncture clinic |3 cases of acute Southwest 28
Dec. 1990-Oct. 1992 (hepatitis B London
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Transmission in the community

Women who are acutely infected during the third trimester of pregnancy or
who are HBeAg-positive carriers transmit the infection to the infant in 70
to 90% of births [29]. This leads to the chronic carrier state in 80 to 85% of
infants infected [30]. Such infants have a 25% chance of dying of cirrhosis or
liver cancer during adulthood [30]. Eighteen per cent of acutely infected
individuals pass the infection on to their regular sexual partners [30], and
the partners of chronic carriers are almost always infected. Household
contacts of chronically infected individuals are also at high risk of infection
through a variety of transmission modes.

Work-related consequences

At-risk workers who make a full recovery should not be restricted from
working. Those who become chronic carriers may be candidates for
treatment with Interferon, which may result in significant clinical
improvement, and even loss of antigen, in those for whom treatment is
indicated. When treatment is not successful, the worker should be provided
with individual counselling from experienced occupational health
professionals or infection control specialists. Work techniques should be
examined to decide whether non-invasive procedures can be substituted or if
correction of previously faulty technique will remove the risk of
transmission. In some cases, re-training of junior staff or redeployment of
senior staff away from invasive work may be recommended (see page 27).

Prevention of Occupationally-acquired Hepatitis B
Defining occupational risk

The occupational risk of acquiring HBV infection cannot be determined
solely by job title (such as physician, surgeon, nurse, technician) or place of
work (such as operating theatre, laboratory, ward). It must take into
account the tasks which expose the worker to regular physical contact with
blood or other infectious body fluids. In other words, to define risk the
employer must ask, ‘What does the worker do’?
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Risk assessment

Risk assessment must take into account the possible modes of transmission
— stab injury with contaminated needle or sharp instrument; contamination
of broken skin or mucous membrane; or human bite [31] — as well as the
frequency of exposure to contaminated sources.

(The Viral Hepatitis Prevention Board consensus statement on
assessment of risk of hepatitis B is on pages 39 to 41.)

Using the above definition of risk, four groups can be identified.

1. Healthcare professionals whose work activities involve regular physical
contact with patients and/or their blood or body substances for the purpose
of providing clinical care and/or investigational or therapeutic intervention —
for example, surgeons, nurses, laboratory technicians, dentists, paramedical
staff and other allied healthcare workers such as speech therapists and
dental hygienists.

2. Non-professional healthcare workers or support staff who are employed in
healthcare or at-risk environments and have regular contact with patients’
blood or body substances — for example, housekeeping and laundry workers
and maintenance technicians.

3. Workers outside the healthcare setting who may have contact with blood
or body substances - for example, public service workers such as police or
paramedics, teachers and support workers in homes for the developmentally
disabled, and embalmers and morticians. Not all members of a particular
occupational group will be at equal risk, however. Studies in countries of low
endemicity show, for example, that not every firefighter [32] and member of
the police force [33, 34] is at increased risk because of their occupation.
However, persons within these groups who fulfil the definition of risk
(having regular physical contact with blood or body substances) will require
vaccination.

4. Students in training in the healthcare environment such as medical,
dental, nursing and midwifery students. The risk to students during
training may be higher than in later years when their competence increases.
Many training programmes are located in urban areas serving populations
with high HBV prevalence.

19



Risk assessment must also take into account global variations in the
rates of acute and chronic HBV infection (Fig. 1). Prevalence rates may vary
widely between urban and rural populations, especially within countries of
low endemicity. Urban populations may contain ethnic groups from
countries with a high prevalence of serological markers. If such a group lives
within the catchment area of one hospital, there will be a regular passage of
patients whose potential to transmit hepatitis B infection is many times
higher than that of the general population. Healthcare workers are
themselves a mobile population and may work in areas of different HBV
prevalences during the course of their careers. The European Community
will encourage even more intercountry mobility.

Risk management

Risk management is based on a comprehensive system of prevention which
includes:

¢ the institution of safe and consistently high standards of working practice
¢ adoption of universal precautions

e the use of appropriate personal protective equipment

e active vaccination of those at risk

* investigation and management of exposure incidents

¢ follow-up records.

These programmes must be introduced with appropriate education and
training which is repeated and updated at regular intervals. Risk
management programmes must also have an inbuilt mechanism for
evaluation and follow-up.

Universal precautions

Most HBV carriers are unaware of their status, nor will this be found in
clinical records. The concept of universal precautions assumes that all
patients may be infected with blood-borne pathogens, and stresses the
importance of applying appropriate precautions to all patients and their
body fluids, regardless of any diagnosis. Universal precautions also apply to
decontamination procedures following blood or body substance spillage.
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Universal precautions include general barrier techniques and defined
procedures for the disposal of sharps. Barrier techniques should be used
during contact with mucous membranes, wounds and indwelling medical
equipment. These techniques may be direct (using protective clothing such
as gloves) or remote (using specialist equipment). Mucous membrane
contact can be defined as direct physical contact of hands with oral, genital,
rectal or conjunctival mucosa. Wound contact includes physical contact with
burns and weeping exudative skin lesions such as eczema.

Universal precautions apply to blood and blood products and the
following body substances [35]:

e semen
e vaginal secretions

e cerebrospinal fluid

e pleural, pericardial or peritoneal fluid

¢ synovial fluid

¢ amniotic fluid

e saliva in association with dentistry or oral procedures
¢ unfixed pathological specimens.

Universal precautions apply to the following substances if they are
contaminated with visible blood:

e urine

o faeces

e vomit

¢ nasal secretions, sputum
e sweat, tears.

Safe working practice

The first duty of at-risk workers is to ensure their own safety by using
waterproof dressings to cover any skin lesions from cuts or abrasions or
conditions such as eczema on exposed parts of their body. Healthcare
workers who have extensive lesions on their hands or forearms should be
assessed carefully on an individual basis before participating in invasive
procedures. All at-risk workers must comply with hospital and/or
departmental policies on the use of personal protective clothing.
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One underlying principle of safe working practice is the avoidance of
‘sharps’ whenever possible [36]. Examples are:

* using adhesive tape, glue or staples for wound closure

* introducing minimally invasive endoscopic surgical techniques
* using lasers

* replacing glass with plastic pipettes

* using automatic pipettes and specimen analysers.

Sharps should never be passed hand-to-hand in operating theatres. Good
surgical technique requires that needles should always be used in a needle
holder, never hand-held, and the position of the point should never be
checked by touch. Administration of injections, wound dressing and the
handling of bodily waste must be undertaken in accordance with published
guidelines on best practice. ‘No touch’ techniques should be used whenever
possible, appropriate protective clothing should be worn, and waste
equipment and materials should be disposed of safely.

Mortuary staff and funeral personnel who may be at risk of contact with
blood and body fluids must use appropriate personal protective clothing and
maintain high standards of work practice. Drainage tube sites and open
wounds must be covered by waterproof dressings.

Disposal of clinical waste

Sharps must be disposed of safely into approved containers, and
disposable needles should not be resheathed. A risk appraisal should be
undertaken to determine a method of safe disposal for larger items of
‘sharp’ medical equipment where the ‘sharp’ end cannot easily be
separated or severed into a sharps container. All items contaminated with
blood or body substances including soiled dressings, containers and gloves
must be disposed of into appropriate receptacles (such as heavy-duty
plastic bags). These can subsequently be incinerated. Workers should
adhere to these guidelines both within the hospital and in the home. The
employer must make adequate arrangements for disposal of clinical waste
in the community.

Reusable medical and dental equipment that has been contaminated by
blood or body substances must be disinfected and sterilized in accordance
with national guidelines [37]. In addition, any repair work to equipment
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should be undertaken only after a competent person has certified that there
is no risk of transmission of infection, or the worker has been provided with
adequate protective equipment.

In the hospital, contaminated linen should be placed in an appropriate
bag and labelled according to local procedures. In the community, blood-
stained linen and bedding may be washed in a domestic washing machine in
the hottest cycle (approximately 80° C). Where handwashing is unavoidable,
the operator must wear rubber gloves and use hot water and detergent.

Costs and benefits of universal precautions

The introduction of universal precautions will involve some expense.
Written policies on safe working practices and the proper disposal of clinical
waste, as well as the associated education and training of staff, may be
achieved at little extra cost. The use of disposable equipment may, in some
instances, be part of an overall programme to reduce the transmission of
infection to patients in hospital. This can reduce the expense of repair,
cleaning and sterilization of reusable equipment. Long-term departmental
development strategies may include the purchase of high-technology
equipment such as lasers and the introduction of non-invasive
investigational procedures such as computed tomography or magnetic
resonance imaging (see section on cost benefit analyses on page 32).

The responsibility of monitoring and evaluating the implementation of
universal precautions should be assigned to a manager who has the legal
responsibility for ensuring a healthy and safe working environment. Major
financial expenditure should be identified and prioritized by a
multidisciplinary risk management committee.

Using hepatitis B vaccine in workers at risk
Effectiveness of vaccine

Safe and effective vaccines against hepatitis B have been available since
1982 and have been recommended for healthcare workers since that time.
Active vaccination for those workers at occupational risk of HBV infection
is an integral part of the risk management strategy for prevention of what
is now recognized as the most important infectious occupational disease.
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Both plasma-derived and genetically engineered vaccines are available
worldwide, but the latter vaccines are used in Europe. They are highly
effective, with seroconversion rates of about 95% in young healthy adults
[3]. The peak antibody titre achieved following the primary vaccination
series determines how long the antibody will persist at detectable levels.
The generally accepted level for seroconversion and protection against
infection is 10 mIU/m1 [38]. The higher the initial antibody response, the
longer it persists [3].

Factors that influence the host response are age, obesity,
immunocompetence and genetics [3]. Reduced responses increase in
frequency as the age or weight of a person increases. Below 30 years of age,
weight appears to be a major contributor, whereas age plays a significant
role above 40 years [39]. Males tend to respond less well than females [40].

Side-effects

Over 200 million doses of hepatitis B vaccine have been distributed
worldwide, and no major complications have been reported. The vaccines
are well tolerated. The majority of side-effects that do occur are minor and
transient and are related to the site of injection. They are commonly
reported as mild tenderness or local irritation comprising erythema,
swelling and induration. General side-effects consisting of fatigue,
headache, slight fever and gastrointestinal disturbance are uncommon, mild
and self-limiting. The overall incidence of spontaneously reported reactions
was 1:85 000 doses in one study [41].

Vaccination is not contraindicated in pregnant or lactating women.
However, many pregnant women are reluctant to receive any medication
during pregnancy and, in general, such concerns should be respected.
Nevertheless, female workers at particularly high risk of occupational
infection should be advised to continue immunization while they are
pregnant as the consequence of acquiring infection, both to themselves and
their newborn, outweigh considerations of minor side-effects. Hepatitis B
vaccines do not contain live virus particles.

Eligibility for vaccination

Eligibility for hepatitis B vaccination is determined by risk assessment of
the worker’s regular duties and not by job title or job location. Risk
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assessment, as described on pages 19 to 20, must consider the tasks
performed that expose the worker to blood or other infectious body fluids. It
must also consider the possible modes of transmission and frequency of
exposure. Participation in the programme should not be based on job title or
location of work, but on the work that is carried out.

Schedule of vaccination
The schedules for vaccination approved by most regulatory authorities are:

¢ 0, 1 and 6 months (first dose followed by a dose one month and six months
after the first)

¢ 0,1, 2 and 12 months (first dose followed by a dose one month, two months
and 12 months after the first).

The “0, 1, 2, 12 months” schedule should be considered when rapid
protection is required in high-risk situations. Protective antibody titres are
achieved in almost all recipients by three months, and practical experience
shows that compliance is significantly better within this short timescale. In
order to ensure an enduring high antibody titre following rapid vaccination,
a fourth dose must be given at 12 months. For routine immunization, the
“0, 1, 6 months” schedule is less costly and provides excellent antibody titres
and duration of protection.

Site of injection

The site of vaccination and the method of administration of the vaccine are
critical factors in achieving maximal seroconversion rates. Persons
vaccinated in the gluteal muscle have lower seroconversion rates and
antibody titres than do those who receive all their injections
intramuscularly in the deltoid muscle of the arm [39]. The needle must be
long enough to penetrate subcutaneous tissues and enter the belly of the
muscle, and it should be introduced at right angles to the skin surface. The
intradermal route is not recommended by many expert groups [38].
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Screening

A successful hepatitis B immunization programme may be implemented
without pre- or post-immunization serological testing, and most community-
based hepatitis B vaccination programmes have no routine testing
component. Hepatitis B vaccine is harmless to currently or previously
infected (immune) individuals, but they receive no benefit from the vaccine.

Nevertheless, immunization programmes in many healthcare settings
incorporate pre-vaccination and/or post-vaccination serological testing for a
number of reasons:

e it may be cost effective under certain conditions of vaccine price, cost of
testing and expected prevalence in a group, and will prevent waste of
vaccine on previously infected (immune) individuals

o the immune status of the worker may need to be documented for medico-
legal and personal reasons

* hepatitis B carriers may be identified for personal and career counselling.

Pre-vaccination testing

Given the cost of vaccine and testing, and the prevalence of previously
infected individuals among western European health and safety workers,
pre-vaccination screening is not generally cost effective. Analyses need to be
done in central and eastern European populations to determine the cost
effectiveness of pre-vaccination screening.

Pre-vaccination screening using the HBsAg test, which will identify
HBYV carriers, is not necessary to identify previously infected individuals
and may discourage participation in the programme among healthcare
workers who fear job or personal discrimination if they are found to be
carriers.

Post-vaccination testing

Many hospitals choose to test workers after immunization for one or more of
the following reasons:

e to document successful immunization for medico-legal, programmatic and
personal reasons
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e to offer additional doses of vaccine to non-responders in an attempt to
induce seroconversion

» to offer special counselling on safe work practices if non-response persists

e in some hospitals, to measure titres of antibodies so that the time to
booster doses may be calculated.

The potential benefits of post-vaccination testing must be weighed
against potential problems. It should be kept in mind that it is successful
immunization, not testing, that prevents disease; it is much more important
to achieve a high level of immunization coverage in at-risk workers. Failure
to vaccinate, not vaccine failure, is the primary cause of continued cases of
HBYV infection in health and public safety workers.

Non-responders to vaccination

In the medical literature, an antibody titre of 10 mIU/ml is usually considered
a protective level of immunity [38]. However, some groups making
recommendations have set arbitrarily higher levels to provide a ‘margin of
safety’ because of variation in antibody test repeatability. True non-responders
(those who fail to achieve an antibody titre greater than 10 mIU/ml) are not
protected against HBV infection. Non-responders may respond following 1 to 3
additional doses of vaccine, but they usually develop low levels of antibody.
Non-responders should be counselled carefully on safe work practices to
avoid infection. Some physicians have proposed that work restrictions
should be recommended for certain non-responders. If this is the case the
same restriction should apply to those who choose not to be vaccinated.

Testing non-responders for the HBV carrier state

This is a sensitive and controversial topic, and a complete discussion of the
medical, medico-legal and ethical issues is beyond the scope of this
document. Including HBsAg testing as a part of an immunization
programme may seriously inhibit staff participation, especially among
physicians, who fear job or personal discrimination if they are found to be
carriers. This fear may be realistic, because many instances of serious
discrimination have occurred. WHO recommends that HBV carriers should
be allowed to work in healthcare settings. Concerned health workers may be
confidentially tested and counselled.
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Booster doses

There is no published evidence that any healthcare worker who has been
vaccinated successfully has subsequently developed clinical hepatitis B or
the HBV carrier state. However, seroconversion to anti-HBc antibody has
been reported in vaccinated populations, probably representing
subclinical infection in some individuals. Antibody levels decline
following immunization, dropping below 10 mIU/ml and even to
undetectable levels in many individuals after 3 to 10 years. Some
recommendations call for booster doses of vaccine either when antibody
decays to below 10 mIU/ml or after a fixed number of years. Protocols
have been developed to predict the decay of antibody and tailor booster
dose timing to each individual, depending on the antibody titre attained
following the primary series.

There is now a serious question whether such protocols, which are
expensive and time consuming, prevent disease when compared to
immunization without testing and boosting. Certain people believe that
individuals who have lost the antibody develop a rapid anamnestic
response following exposure to the virus, which prevents acute clinical
infection and the development of the carrier state. WHO has not taken a
position on this issue. In the United States, booster doses are not routinely
recommended by the Immunization Practices Advisory Committee.
National immunization programmes that give hepatitis B vaccine to
children do not use booster doses. However, various European groups,
some manufacturers and some national authorities have recommended
booster doses. The Viral Hepatitis Prevention Board has stated that a
booster dose every five years is ‘prudent’ in workers at risk, where
resources allow (see pages 42-43).

Prevention of hepatitis B in self-employed workers

Self-employed workers may not have access to occupational health services.
Those who suspect they may be at risk from hepatitis B should ask their
general practitioner or primary care physician for advice. The doctor can
give a course of vaccination if necessary, but a fee may be charged.
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Post-exposure prophylaxis

At-risk workers and students must be regularly reminded of the need to report
all needlestick injuries. Post-exposure prophylaxis will depend on identification
of the source of the exposure, determination of carrier status whenever
possible, and the antibody status of the worker. This is summarized in Table 3.

Immediately after an exposure injury, the wound should be washed
thoroughly under running water and squeezed (not sucked) to encourage
bleeding. The site of injury should then be wiped with an alcohol-

Table 3. Practical guidance for post-exposure prophylaxis against hepatitis B.

Hepatitis B carrier status of source

Status of Not identified/ HBsAg/

exposed worker not available Negative HBeAg-positive

Unvaccinated Vaccinate + Vaccinate Vaccinate + HBIG
HBIG if avail.

Vaccinated — antibody Booster dose Booster dose Booster dose + HBIG

titre <10 mIU/ml at

time of accident

Vaccinated — antibody No action No action No action

titre >10 mIU/ml at

time of accident

No response to vaccine

after 3 doses HBIG if avail. 2 further HBIG + 2 further
+ 2 further vaccine doses  vaccine doses
vaccine doses

After 5 doses HBIG if avail. No action HBIG

HBIG = specific hepatitis B immunoglobulin



impregnated swab and covered with a waterproof dressing. The accident
must be reported to a designated person and a written accident report filed
in the worker’s occupational health record. The report should name the
source and the circumstances in which the injury occurred. Wherever
possible, blood samples should be obtained from the source specimen or
patient (with their consent) and the samples tested for HBsAg. Small
samples are adequate from the very young and the very old. If permission
is not granted, the patient should be assumed to be HBsAg positive. A
sample of blood is also required from the worker to test for antibody status.

The results of the investigations should ideally be made available within
48 hours. This will allow the necessary treatment to begin as soon as possible.
Specific hepatitis B immunoglobulin (HBIG) should be administered if the
source of the injury is HBsAg- or HBeAg-positive and if the worker has not
been vaccinated or has an antibody titre less than 10 mIU/ml. (It is safe to use
HBIG in pregnant workers.) HBIG should be given within 48 hours of
exposure to have the maximum effect [42]. If this is not possible, it could be
administered up to 15 days after exposure but the effectiveness will be
reduced. Even when given within 48 hours, however, HBIG is not 100%
effective and workers should not rely on HBIG prophylaxis in place of
vaccination.

During the investigation of needlestick accidents, attempts should be made
to vaccinate unprotected workers because they are at risk of hepatitis B. In
those who have been exposed to HBsAg- or HBeAg-positive blood, active
vaccination and passive immunization with HBIG can occur simultaneously.
An accelerated course of vaccination for post-exposure prevention in those
who have not been routinely included in a vaccination programme will
produce effective antibody titres within the incubation period for hepatitis B.
In accidents where the source is not identified, the routine use of HBIG is not
recommended because of high cost, limited availability and limited
effectiveness. However, if there is a high endemic prevalence of hepatitis B in
the region, or if it is known that the equipment came from a unit which cares
for a large number of chronic carriers of HBV, then HBIG may be indicated.

Other occupational hazards

Other blood-borne pathogens such as human immunodeficiency virus (HIV)
and hepatitis C virus are also occupational hazards. Universal precautions
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and good working practices are therefore vital to prevent transmission of all

.these agents. Hepatitis B, however, is clearly the major infectious
occupational hazard and is the only agent for which a safe and effective
vaccine is available.

Because of the high mortality of HIV infection and daily media coverage,
the concern of government officials, the public and healthcare workers about
HIV transmission has often overshadowed the risk of hepatitis B. In
addition, the resources devoted to hepatitis B control are often not sufficient.
The relative infectivity of HIV and hepatitis B and their incidence and
prevalence are shown in Table 4.

Table 4. Comparison of the risks of HIV and HBV.

Risk HIV HBV

Number of people infected

worldwide 14 million [43] 2000 million [44]
(WHO estimate) (current and

previous infection)

Number of AIDS cases worldwide + 2 million [43]
Number of HBV carriers 350 million [44]
Maximum volume of blood required 0.1ml 0.00004 ml

to transmit infection {45]

Risk of infection following needlestick

injury with positive patient 0.5% [46] 7-30% [47]
Number of workers occupationally 152 reported 30 000
infected in US and Europe (possible estimated

and probable annually [35,2]

through 03/93)

[48,49]
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Cost effectiveness and cost benefit of vaccination of at-risk
workers

Dr Pierre Van Damme of the University of Antwerp Department of
Epidemiology and Community Medicine, and Guy Tormans, Health
Economics specialist, developed an epidemiological risk model and cost-
effectiveness and cost-benefit models for western Europe healthcare and
allied workers [2]. The risk model estimates that each year 18 200
susceptible healthcare and allied workers acquire hepatitis B infections in
the workplace.

The model follows a cohort of 100 000 healthcare and allied workers for
10 years. Assuming a single dose of vaccine costs £15 plus £10 to administer,
providing a full course of vaccination for 100 000 at-risk healthcare workers
would incur direct costs of £7.5 million. If no vaccine is given, direct costs of
medical treatment and indirect costs due to mortality and morbidity
associated with hepatitis B would total about £10 million.

Several other studies support the cost effectiveness of policies of
hepatitis B vaccination for at-risk workers (Table 5).

Table 5. Findings of cost effectiveness studies of occupational hepatitis B vaccination.

Author Year Country Main finding

Mulley [50] 1982 United States Vaccination is cost effective where there is
an annual hepatitis B infection incidence
of 1-2%.

Lahaye [51] 1987 Belgium A hepatitis B vaccination programme
saved a Belgian occupational health
insurance company the equivalent of
between US $600 000 and US $1 400 000.

Mauskopf [52] 1991 United States Direct cost savings of implementing
OSHA guidelines and vaccinating those
identified as at risk would be between
US $105 million and $141 million per
year. Indirect savings could be as much
as an annual $716 million.

Hoffman [53] 1990 Germany A balance was reached between cost of
vaccination and cost of hepatitis B
infection after five-and-a-half years.

32



Implementation of Successful Hepatitis B Prevention
Programmes in the Workplace

Safe and effective vaccines against hepatitis B have been available for many
years, yet surveys of vaccine uptake in healthcare workers have shown rates
of the order of 30 to 40% in North America [4], 47% in the United Kingdom
[54], 56% in Germany [55] and 38% in Spain [56]. However, hepatitis B
vaccination is only one part of a total preventive programme, and studies
evaluating the implementation of universal precautions and the wearing of
basic personal protective equipment such as gloves have shown similarly poor
compliance rates [57]. The most common reason for non-compliance is the self-
perception by healthcare workers that they are not at risk. Other excuses for
not wearing protective clothing are: denial of any skin abrasions or similar
lesions that could provide a portal of entry; fear that it will impair their ability
to work safely, particularly when carrying out procedures dependent on tactile
awareness; and excuses of inadequate time in emergency settings.

Refusal of hepatitis B vaccine has been shown to be more common among
physicians than other healthcare workers, and among older members of
staff. The common reasons for declining vaccination are:

o self-perception of no risk

o fear of side-effects from the vaccine

o fear of transmission of other blood-borne pathogens, particularly human
immunodeficiency virus

o fear of needles

o fear of being identified as a carrier in any screening programme

e lack of time.

Some workers voice fatalistic reasons: for example, ‘If I haven’t caught it
by now I never will’ or ‘It can’t happen to me’ [58].

Responsibility for the programme

Workplace vaccination programmes should be introduced as part of an overall
preventive and educational programme on the transmission of blood-borne
pathogens [59,60]. Their success depends on the commitment and influence of
occupational health and infection control personnel and the support of policy
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administrators and management. Where possible, the responsibility for
introducing such programmes should lie with a multidisciplinary committee
with representation from occupational health, infection control, management,
workers, staff education/training departments and staff from the laboratories
where serological testing is undertaken.

The committee should identify a policy administrator who will most
likely be a member of the occupational health team and who will be
responsible for the practical implementation and evaluation of the
programme. In hospitals that do not have occupational health services, the
programme might be directed by a microbiologist, virologist or specialist in
infectious diseases. In workplaces other than healthcare institutions, the
director should be the individual responsible for the management of health
and safety. It is the duty of the director of such programmes to be fully
informed of hepatitis B as an occupational hazard.

Content of the programme
The programme should address all aspects of prevention including:

e knowledge and awareness of universal precautions

o the use of appropriate protective clothing

» knowledge of and adherence to safe working practices

e determination of eligibility for vaccination programmes by risk assessment
e availability of vaccine, free of charge, to ‘at-risk’ workers

e guidelines for the management of exposure accidents.

Participants must be given full information on the occupational risk of
hepatitis B, the consequences of hepatitis B infection, the safety and efficacy
of the vaccine and the need to complete the full course of vaccination.

One key element in implementing a successful prevention programme is
effective communication. A programme should have two components; a
written policy and verbal and visual education seminars.

The written policy and seminars, where appropriate, should be given to
the workers in the following situations:

e new employees as part of their induction programme
¢ change of department
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¢ change of job process
e temporary workers
e workers who are employed on a contract basis.

The written policy must be updated regularly and accompanied by
education programmes involving seminars. Videos and other educational
materials may also be useful. These educational programmes should
address all the elements of prevention, and are probably most effective when
targeted at separate professional groups. They should allow workers to
express their concerns regarding hepatitis B vaccination and provide
reassurance about its efficacy and safety. They should also provide an
opportunity for private, one-to-one discussion between the worker and the
programme co-ordinator or other healthcare professional regarding
confidential concerns.

The vaccination programme should have the flexibility to meet the
demands of shift workers, have an inbuilt recall system to alert co-
ordinators to non-attenders and allow individual follow-up. Such
programmes are most easily implemented and followed up using simple
computerized databases which help with the recording of information, recall
and follow-up. A number of computers programs are available commercially
or through vaccine manufacturers.

Current Policies for the Protection of Workers

Policies for the protection of workers at risk of infection with hepatitis B
vary greatly between — and even within — countries. In some cases,
legislation does not contain specific provisions on hepatitis B and it is left to
general provisions on health and safety at work to protect workers.

There is a clear need for pan-European legislation on hepatitis B
prevention. This would ensure that every country benefits from an effective
prevention policy and that workers can move within Europe and take up
employment without putting themselves or others at increased risk.

Annex 1 summarizes the current hepatitis B prevention policies of
countries in Europe.
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European Community legislation

In an attempt to co-ordinate efforts to combat hepatitis B as an occupational
hazard, the institutions of the European Community (EC) - the
Commission, Parliament and Council of Ministers — are taking action across
Europe.

General health and safety regulations

A framework directive on health and safety at work in the EC was agreed in
1989 and came into force at the beginning of 1993. Directive 89/391 obliges
employers to ensure the health and safety of workers in every aspect related
to their work, take measures for the prevention of occupational risks and
provide workers with all necessary information concerning the risk to health
and safety of their job and workplace.

The biological agents directive

Directive 90/679 on hazardous biological agents at work is of more direct
relevance to hepatitis B. This directive was agreed in 1990 and is due for
implementation by member states by the end of April 1994 (31 December
1995 for Portugal). Under this law, employers are required to assess the
health and safety risks of workers likely to be exposed to a biological agent.
On the basis of this assessment, employers are obliged to:

e take measures to limit the risks of exposure

e provide for effective hygiene and individual protection for employees

e provide regular health surveillance of workers both before and after
periods of exposure to a biological agent

e keep records for at least 10 years following the end of the exposure or up to
40 years where the agent is known to be capable of establishing persistent
or latent infections

o offer vaccination free of charge to all workers at risk of occupational
infection with an agent for which there is an effective vaccine.

A list of biological agents has been put forward by the Commission as an
annex to this directive. This list places agents in one of four classes
according to the dangers they pose to workers and the public, and their
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ability to be treated and/or prevented. Hepatitis B is classified as a class 3
biological agent.

Resolution on hepatitis B

In February 1993, the European Parliament unanimously adopted a
resolution specifically on hepatitis B as an occupational hazard. This
resolution recognized that hepatitis B is the most important occupational
hazard facing healthcare workers, and called for the Council of Ministers
and European Commission to adopt an amendment regarding a code of
practice on vaccination. A general code of practice states that:

e vaccination shall be considered after the assessment of risk of exposure to
biological agents

e vaccination will not be obligatory but employers shall inform workers of
the benefits and drawbacks of vaccination and non-vaccination

e employers shall not require prior vaccination as a condition for
employment

o the cost of vaccination shall be met by the employer.

Other recommendations

The International Labour Office (ILO) is part of the United Nations and
makes recommendations to UN member governments on the protection of
workers against occupationally acquired illness or disease. It has
identified hepatitis B as ‘probably the most frequent work-related
infectious disease’ [61].

The ILO has already recommended that its members should develop
preventive occupational health services, and that part of these services
should be, where possible and appropriate, to ‘carry out immunizations in
respect of biological hazards in the working environment’ [62].

In December 1991, the US Occupational Safety and Health
Administration (OSHA) issued a standard to protect workers from blood-
borne pathogens, including hepatitis B virus. This regulation was
introduced as a result of pressure from the US healthcare unions, and
estimates from the Centers for Disease Control and Prevention that 12 000
workers were infected with hepatitis B each year [35].
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Taking Action - VHPB Consensus

It is essential that legislation on hepatitis B imposed at a national or
international level is translated into effective action in the workplace.
Employers, for example, must be aware of their responsibilities and
understand that complete protection against hepatitis B is not provided by
vaccination alone - it also involves the adoption of safe working practices
and provision of education about the disease.

To help legislators, employers and employees, the Viral Hepatitis
Prevention Board (VHPB) has produced seven consensus statements
detailing what is needed in effective prevention programmes:

e guidelines for the improvement of vaccination programmes

e recommendations for reducing and assessing the risk of hepatitis B

» setting up policies and vaccination programmes for hepatitis B prevention

o following up an initial vaccine course: titres and boosters

e recommendations on infected workers and persistent non-responders to
vaccine

o five principles to prevent exposure to blood-borne infections

e post-exposure prophylaxis: the need for a speedy response.

The WHO Regional Office for Europe Occupational Health Programme
aims to protect all workers in Europe from the risk of hepatitis B by the year
2000. WHO Europe particularly supports the VHPB’s call for the
vaccination of 90% of at-risk workers by the end of 1995 and 95% by 1997.

A list of the VHPB Special Advisers appears in Annex 2.

VHPB consensus statements

Guidelines for the improvement of vaccination programmes

The VHPB has outlined a series of recommendations that aim to help the

implementation of hepatitis B vaccination programmes designed to protect

employees against infection:

e Occupational hepatitis B vaccination programmes should apply equally to
employees, self-employed staff, students, contract workers and voluntary

staff employed in both public and private sectors.
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¢ The employer must ensure that the risk of occupational transmission of
hepatitis B infection is assessed. This assessment should be based on work
practice and be independent of job title or status.

e If the assessment shows that the worker is at risk of contamination, the
employer has an obligation to inform that worker of that risk.

e Information, training and education must be provided by the employer for
the above workers on the measures to be taken to protect them from risk.

¢ Vaccination must be offered free of charge by the employer to the above
workers.

e The employer has an obligation to ensure that exposed workers are
vaccinated correctly. Employees who decline vaccination must be
counselled and must sign a refusal form.

e Current practices should be improved by providing information and
education to increase awareness and to change attitudes and behaviours,
thereby improving acceptance of vaccination. Information and education
should be targeted at occupational health professionals, employers and
managers, workers, health and safety representatives and unions.

The VHPB has identified two main problems in protecting workers:

e confusion and uncertainty over which occupational groups are at risk

e employers (especially small employers) who fail to comply with national
recommendations and legislation to establish hepatitis B vaccination
programmes for their employees.

The VHPB believes many bodies and organizations have a role to play in
reducing current levels of occupational hepatitis B infection. They include
trade unions, governments, professional associations, intergovernment and
supranational organizations (such as the WHO, European Commission),
government agencies (such as bodies in charge of health and safety at work)
and employers.

Recommendations for reducing and assessing the risk of hepatitis B infection
in employees

The VHPB has developed a five-point consensus statement to help identify
those at occupational risk of hepatitis B.
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