
Abstract

THERE HAS BEEN CONSIDERABLE DEBATE ABOUT THE NEED for mandatory serologic testing
of individuals who are the source of bloodborne pathogen exposures in health care
and other occupational settings. The transmission of hepatitis B (HBV), hepatitis C
(HCV) and HIV between patients and health care workers (HCWs) is related to the
frequency of exposures capable of allowing transmission, the prevalence of disease
in the source populations, the risk of transmission given exposure to an infected
source and the effectiveness of postexposure management. Transmission of HBV
from patients to HCWs has been substantially reduced by vaccination and univer-
sal precautions. The transmission of HCV and HIV to HCWs does occur, although
postexposure prophylaxis (PEP) is available to reduce the risk of HIV transmission.
Transmission of bloodborne pathogens from infected HCWs to patients has also
been documented. Policy-making concerning the mandatory postexposure testing
of patients who may be the source of infection must weigh the relative infrequency
of patients’ refusals to be tested and the consequences for PEP recommendations
with the ethical and legal considerations of bypassing informed consent and
mandating testing. Mandatory postexposure testing of HCWs who are the source of
infection will have a limited impact on reducing transmission because of the lack
of recognition and reporting of exposures. Comprehensive approaches have been
recommended to reduce the risk of transmission of bloodborne virus infections.

There has been considerable debate about the need for mandatory serologic
testing of individuals who are the source of bloodborne pathogen (BBP)
exposures in health care and other occupational settings.1,2 The scientific,

ethical and legal aspects of such a policy need to be considered for informed deci-
sion-making.3,4 The transmission of BBPs between patients and health care workers
(HCWs) is related to the frequency of exposures capable of allowing transmission,
the prevalence of disease in the source populations, the risk of transmission given
exposure to an infected source and the effectiveness of postexposure management.5

Preventive efforts can reduce the risk of exposures, but not eliminate them, and
comprehensive guidelines to this end have been published.6 This paper will focus
upon the available pertinent scientific information concerning the transmission and
postexposure management of hepatitis B (HBV), hepatitis C (HCV) and HIV
in the health care setting. Although they are important, issues
related to transmission in other settings7,8 (e.g., in which emergency responders,
such as the police or ambulance attendants, are concerned) will not be specifically
addressed.

The literature was reviewed, following searches of the MEDLINE and
AIDSLINE databases, using the following key words: “bloodborne pathogens,”
“disease transmission, professional-to-patient,” “disease transmission, patient-to-
professional,” “HIV,” “hepatitis B” and “hepatitis C.” References in articles were
also retrieved. Web sites of key organizations were also searched, including those of
the US Centers for Disease Control and Prevention (CDC); the Laboratory Centre
for Disease Control (LCDC), Health Canada; and the UK Public Health Labora-
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tory Service. Key informants were identified, based on ini-
tial contact with the LCDC and the Canadian Infectious
Diseases Society, and contacted at hospitals located in dif-
ferent regions of the country, as were individuals involved
in current research in this area.

Frequency of exposures

Needle-stick and other percutaneous and mucocuta-
neous exposures are frequent, and underreporting is com-
mon. The EPINet hospital-based surveillance system in
the United States has estimated that there were approxi-
mately 590 164 percutaneous and 196 721 mucocutaneous
exposures to blood or risky biologic substances in 1996,
with 39% of incidents not having been reported.9 The esti-
mates of the CDC are 30% higher.10

National estimates of exposures in Canada are not cur-
rently available, although a national surveillance system is
being developed (Sharon Onno, Health Canada, Ottawa,
Ont.: personal communication, 2001). Initial investigations
in Montreal in 1991/92 found that the overall exposure rate
for all job titles was 12.1 per 100 full-time equivalent posi-
tions (FTEs) per year in hospitals11 and 11.7 per 100 FTEs
per year in CLSCs (centres locaux de services communau-
taires).12 Hospital nurses were the most exposed group av-
eraging 18.1 exposures per 100 FTEs per year, with oper-
ating room nurses experiencing the highest rates (39.7
exposures/100 FTEs per year). The researchers estimated
that half of all exposures were not reported, with physicians
tending not to report their exposures. As of 1997/98, hospi-
tal rates of exposure to BBPs decreased to 7.5 exposures per
100 FTEs per year.13

Surveys of hospital-based nurses in British Columbia,
Alberta and Ontario were conducted in 1998/99. Nurses
who worked in the operating room/recovery room were
the most likely ever to have been stuck with a needle or
sharp (70%–78%) and had the highest average number of
injuries during their career (3.1–3.6) (Dr. Heather Clarke,
Health and Nursing, Policy, Research and Evaluation Con-
sulting, Vancouver, BC: personal communication, 2000.
Dr. Phyllis Giovannetti, University of Alberta, Edmonton,
Alta.: personal communication, 2000. Dr. Judith Shamian,
WHO Centre for International Nursing Research,
Toronto, Ont.: personal communication, 2000).

About 75% of US residents in emergency medicine14

and Canadian residents in family medicine and internal
medicine15 experience needle-stick injuries during training,
with most exposures not being reported. In a study in
Toronto of medical students, interns and residents, surgical
residents had the highest rates of injury, experiencing an
average of 5.4 needle-stick injuries per year with less than
5% of injuries being reported.16

Surgeons have high rates of exposure to BBPs that are
similar to those of OR nurses and surgical residents. A sur-
vey of orthopedic surgeons found that 39.2% had had a
percutaneous blood contact in the preceding month.17 A
survey of surgeons from the United States and the Univer-
sity of Toronto found that respondents averaged 11 nee-
dle-stick injuries over a 3-year period.18 Most respondents
(70%) rarely or never reported needle-stick injuries.

A CDC review of 9 prospective studies conducted since
1990 reported that a surgical team member sustained at
least one percutaneous injury during 1.3%–15.4% of pro-
cedures.19 Possible patient exposures to a sharp object that
had previously injured the surgeon occurred in 1.7%–2.5%
of operations and 0.1% of deliveries. Table 1 shows the
percentage of procedures with injuries and recontact by
surgical specialty from a study based in 4 US university
teaching hospitals.20 Recontact was defined as contact of a
sharp object that has penetrated an HCW’s skin with a pa-
tient’s open wound or injury of an HCW by a bone frag-
ment or surgical wire fixed in the patient’s body. Data from
a survey of surgeons at a teaching hospital in London, Eng-
land, are shown in Table 2.21 Cardiac and gynecologic surg-
eries involved the highest frequency of injuries.

Prevalence of disease

Within the general population, the prevalence of poten-
tially infectious individuals varies depending on the virus
involved:6 HBV (< 0.5%), HCV (1%) and HIV (0.15%).
Their prevalence in population subgroups can be substan-
tially higher. The rate of HCV infection among injection
drug users (IDUs) in Montreal and Vancouver has been re-
ported as being 70% and 85% respectively.22 Although the
majority (67%) of prevalent HIV cases are still among men
who have sex with men (MSM) or MSM who are IDUs,23

almost half of all new infections are among IDUs.24 HIV
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Table 1: Percentage of procedures with injuries and recontact* by surgical
specialty in 4 US teaching hospitals

Procedure Cardiac Gynecologic General Orthopedic Trauma

Procedures with
injury, % (range)

9
(All 9)

10
(3–21)

8
(2–17)

4
(0–8)

5
(3–5)

Procedures with
recontact, % 3 4 1 0.3 3

*Recontacts were defined as “(1) recontact of a sharp object with a patient’s open wound after penetration of the
health care worker’s skin or (2) injury of a worker by a bone fragment or surgical wire fixed in the patient’s body.”20

Adapted, with permission, from Tokars et al,20 JAMA 1992;267:2899-904.



prevalence among IDUs has been estimated as being
19.5%, 9% and 23% in Montreal, Toronto and Vancouver
respectively.25

Limited information is available about the prevalence of
BBPs in HCWs, and data are based on nonrepresentative
samples. Some 13%–17% of surgeons had evidence of pre-
vious or current HBV infection, and 0.8%–0.9% have been
found to be anti-HCV-positive.26 The prevalence of HIV
infection among surgeons has been documented to be low
(0%–0.1%).17,27

BBP transmission

Patient to HCW

Endemic and epidemic transmission of HBV to HCWs
was the norm in the past.28 In many cases, specific exposures
could not be retrospectively identified.29 The introduction
of the HBV vaccine and universal precautions contributed
to a 95% decrease in the occupational transmission of HBV
to US HCWs from 1983 to 1995.30 Only a minority of peo-
ple with acute HCV have symptoms, so that transmission
will often go unrecognized without serology testing.31

As of 1997, there were 94 documented and 170 possible
cases of HIV transmission to HCWs.32 Table 3 shows the
distribution of documented and possible HIV infections by
occupation. Nurses were the most frequently infected
HCWs. Most infections followed a single percutaneous in-
jury (87.2%) and, where the stage of infection was known,
77% of sources had AIDS. One source patient was in the
“window” period, that is, the patient was antibody-negative.
One Canadian case was reported in 1996 involving a shal-
low puncture wound in a patient with advanced AIDS.33 Us-
ing estimates of rates of occupational exposure, disease
transmission and patient prevalence, the number of US
HCWs who probably became infected in 1996 has been cal-
culated as follows: HBV 400, HCV 75–1573 and HIV 400.9

HCW to patient

Transmission of BBPs from infected HCWs to patients
is possible by recontact when instruments or gloves that are
possibly contaminated with an HCW’s blood enter an open
wound. Patients would not normally be aware of such an
exposure unless notified by the HCW.

From 1972 to 1994, there were 42 HBV-infected
HCWs, primarily surgeons or dentists, with documented
transmission of disease to over 375 patients.19 This includes
a Canadian HBeAg-positive orthopedic surgeon who in-
fected 4 patients despite having received counselling about
technique and routinely wearing double gloves during
surgery.19,34 Since 1994, the frequency of dental transmis-
sion of BBPs has fallen significantly, although additional
clusters of HBV transmission have occurred35 involving
HBeAg-positive36 and HBeAg-negative surgeons.37 Trans-
missions have occurred despite there having been no recog-

nizable breaches in infection-control practices.38 An out-
break of 75 cases of HBV in the Toronto area was linked to
an HBeAg-positive EEG technician using reusable subder-
mal EEG electrodes.39

The surgical specialties involved in transmission have
tended to be those with the highest rates of percutaneous
injuries and recontact.19 These recognized cases probably
provide an underestimate of the extent of transmission, be-
cause only about half of acute HBV cases are symptomatic;
isolated, sporadic cases may be more difficult to link with
an HCW; and completeness of surveillance may vary
among jurisdictions. Virtually all investigations were con-
ducted when the index event was recognition of transmis-
sion to a patient.

Documentation of transmission of HCV from infected
surgeons to patients has begun to be reported. In the
United Kingdom, an infected cardiothoracic surgeon40 and a
gynecologist41 and, in Spain, an HCV-infected cardiovascu-
lar surgeon42 have been implicated in the transmission of
HCV to patients. Transmission of HCV from a patient with
chronic infection to an anesthesiology assistant who subse-
quently infected 5 patients has been described recently.43

Bloodborne virus infections
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Table 2: Frequency of sharps injuries and their reporting by
surgeons at a teaching hospital in London, England, by
specialty

Frequency
Cardio-
thoracic OB/Gyn General* Others†‡

Sharps injury, %
 > 1/ mo 60 63 54 19
 < 1/mo but > 1/ yr 40 31 23 35
 < 1/ yr 0 6 23 47

Always reports
sharps injury, % 0 6 14 28

Note: Ob/Gyn = obstetrics and gynecology.
*Data exclude one “no answer” from general surgery.
†Others include orthopedics, ophthalmology, plastic surgery, ear nose and throat, and
urology.
‡Column exceeds 100% due to rounding.
Source: Adapted, with permission, from Smith et al,21 Ann R Coll Surg 1996;78:447-9.

Table 3: Number of documented and possible occupational
HIV infections worldwide by occupation, 1997

No. (and %) of HIV infections in HCWs worldwide

Occupation Documented Possible Total

Nurse 49 (52.1) 45 (26.5) 94 (35.7)
Lab worker 20 (21.2) 23 (13.5) 43 (16.2)
Physician,
nonsurgical 9   (9.6) 17 (10.0) 26   (9.8)
Physician,
surgical 1   (1.1) 14   (8.2) 15   (5.7)
Other 15 (16.0) 71 (41.8) 86 (32.6)

Total 94  (100) 170  (100) 264  (100)

Note: HCW = health care worker.
Source: Adapted, with permission, from Ippolito et al,32 Clin Infect Dis 1999;28:365-83.



Six patients became infected with HIV while receiving
care from a US dentist with HIV.44 There had been no
other evidence of HIV transmission from infected HCWs45

until transmission from an orthopedic surgeon with AIDS
to a patient in France was reported in 1999.46 A possible
transmission was also reported from France in 2000 involv-
ing an infected ward nurse.47

Risk of transmission

The average risks of seroconversion after a significant
exposure to BBPs without benefit of prophylaxis (HIV) or
vaccine (HBV) have been estimated and are shown in
Table 4.28,48 Exposures involving higher volumes of blood
or source blood with higher viral titres would be expected
to involve higher risks of transmission.

Using these risks of transmission and the rates of percu-
taneous injuries, estimates have been made regarding the
risk of infected HCWs transmitting BBPs to patients. The
probability of transmission to at least one patient during
3500 procedures (CDC estimate of number of procedures
during a surgeon’s career) is 0.81%–8.1% for HIV and
57%–100% for an HBeAg carrier.49 The HBV rates do not
consider clusters of transmission from some infected
HCWs that have been observed to have transmission rates
that are higher than 10% in some instances. HCV rates
were not calculated in the study, although they would be
expected to be intermediate between the HIV and HBV es-
timates.

Current management recommendations

A Canadian integrated protocol to manage HCWs ex-
posed to BBPs was published in 1997.50 The protocol iden-
tifies the necessary counselling, informed consent and test-
ing of both the source of exposure and the HCW for HBV,
HCV and HIV. The protocol is explicit that “testing the
source without consent is unethical.” Baseline serology for
the HCW will show the individual to be previously unin-
fected by any of the viruses and the existence of protective
immunity for HBV. Subsequent testing to determine if a
susceptible HCW becomes infected is recommended at
6 weeks (HIV only), 3 months and 6 months.

Counselling is intended to reduce the risk to others in
case transmission has occurred. Depending upon the BBP

involved, exposed HCWs may need to practise safer sex
and avoid pregnancy for 6 months, notify sexual partners of
their potential exposure and stop breast-feeding.

The protocol for postexposure prophylaxis for HBV is
well established51 and is determined by previous immuniza-
tion status and documented immunity at any time. The use
of the HBV vaccine with or without hepatitis B immune
globulin (HBIG) is considered for those who may not be
protected. No effective postexposure prophylaxis is avail-
able for HCV, and neither interferon nor immune globulin
are recommended.52

Guidelines for postexposure prophylaxis (PEP) for expo-
sure to HIV50,53 are primarily based upon a retrospective
case–control study showing an 81% (95% CI 43%–94%) re-
duction in HIV transmission among HCWs who used zi-
dovudine (ZDV).54 The failure of PEP may be due to expo-
sure to ZDV-resistant strains of HIV; high viral titre or large
exposure inoculums, or both; delayed initiation or short du-
ration of PEP, or both; as well as possible host-specific and
virus-specific factors.53 Current PEP protocols include ZDV
and at least one other drug taken for a period of 4 weeks.
Most HCWs (50%–75%) who take PEP experience one or
more complaints, and a large proportion discontinue the
drug because of symptoms.53–57 Although side effects usually
disappear on discontinuation of PEP, some serious side ef-
fects have been reported including nephrolithiasis, hepatitis
and pancytopenia. There have been recent reports of severe
adverse reactions including the need for liver transplant fol-
lowing the use of nevirapine in HCW PEP.58,59 HCWs and
others being offered PEP following possible or documented
exposure to HIV must be fully aware of the potentially seri-
ous risks of some antiretroviral drugs and balance these
against the relatively low risk of becoming infected with
HIV. PEP is usually discontinued if subsequent source test-
ing is negative. The use of point-of-care HIV testing will fa-
cilitate early decision-making.60

Refusal to be tested

Concern has been expressed about the potential barrier
to achieving informed consent for HIV testing and the sub-
sequent impact on postexposure management. Many of the
published studies predate knowledge of effective prophy-
laxis, whereas others may be limited by the overall effec-
tiveness of the occupational health program. Studies from
Virginia (1988),61 Calgary (1989–1993)62 and Maryland
(1999)63 reported refusal rates from 0.5% to 6%, with high
proportions of patients lost to follow-up. Recent data from
St. Paul’s Hospital in Vancouver included 2 instances of re-
fusal by patients to be tested in an estimated 1700 acciden-
tal exposures (0.1%) over a 10-year period.1 Infectious dis-
ease practitioners or occupational health practitioners in
other parts of the country confirmed the infrequency of re-
fusal to be tested by patients who may be the source of in-
fection following reported exposures, with the estimated
frequency ranging from 0.2% to 0.5% (Dr. Mark Joffe,
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Table 4: Average risk of seroconversion following a
percutaneous exposure to an infected source

Virus Risk of seroconversion

Hepatitis B*
(HbsAg-positive)

HbeAg-negative: 5%
HbeAg-positive: 19%–30%

Hepatitis C† 1.8%

HIV* 0.31%

*Data from Lanphear,28 Epidemiol Rev 1994;16:437-50.
†Data from CDC,48 MMWR Morb Mortal Wkly Rep 1998;47(RR-19):1-39.



Capital Health Region Hospitals, Edmonton, Alta.: per-
sonal communication, 2000. Ms. Carol Small, Sunnybrook
Campus, Sunnybrook & Women’s College Health Sci-
ences Centre, Toronto, Ont.: personal communication,
2000. Dr. Mark Miller, Sir Mortimer B. Davis Jewish Gen-
eral Hospital, Montreal, Que.: personal communication,
2000. Ms. Bonnie Walker, Queen Elizabeth Health Sci-
ences Centre, Halifax, NS: personal communication, 2000).

At least 2 US states require patients who are the source
of an occupational exposure to be tested for HIV. Virginia
has had this law since 198964 and Florida since 1998.65 Some
additional states (e.g., California) allow testing of blood
that had been collected for other purposes.63 No informa-
tion about these states’ experiences since the implementa-
tion of these laws was found in the literature.

No information was encountered in the literature re-
garding the refusal of HCWs to be tested if they were the
source of an exposure to a patient. However, it is unlikely
that the patient would know that there had been an expo-
sure unless the HCW acknowledged the fact.

Psychological consequences

The consequences of occupational exposure to BBPs are
not limited solely to infections. The anxiety experienced by
HCWs is related to the perception of risk from the incident
and the predicted reaction of others (colleagues, family,
friends) who have to be told.66 HCWs will frequently expe-
rience intrusive thoughts, problems concentrating, sleep dif-
ficulties, anger and a decrease in sexual desire,67 which can
act as a catalyst to exacerbate any pre-existing unresolved
emotional issues.68 Whereas the hepatitis viruses are more
easily transmissible, the fear of HIV infection is at the core
of the stress and anxiety experienced by many HCWs.69

Economic evaluation of postexposure prophylaxis

A cost-effectiveness analysis of an HIV PEP program in a
New York City hospital calculated that if the serologic status
of the sources was unknown and 35% were HIV-positive,
ZDV would prevent 53 of 66 possible HIV seroconversions
in 100 000 exposures at a cost of US$2 million per case of
HIV prevented.70 If the source was known to be HIV-
positive, the cost per case prevented would range from
US$400 000 to US$560 000.70,71 For comparison purposes,
offering maternal HIV screening with ZDV chemoprophy-
laxis, which is endorsed by the Canadian Medical Association
(CMA),72 has been estimated to cost US$198 000 per new-
born case prevented for a population at average risk.73

Summary

In 1999, the CMA’s General Council approved a resolu-
tion to require patients to sign a waiver that would allow
appropriate testing of the patient’s serologic status for HIV
and hepatitis if an HCW received a potential exposure to a

BBP.1 A comparable resolution involving exposures from
HCWs to patients was referred to the CMA Board of Di-
rectors for further study. Over the following year, it was
determined that a waiver approach was not feasible or ap-
propriate, and a differently worded resolution enabling
mandatory testing of source patients or HCWs following a
BBP exposure was presented to the 2000 CMA General
Council (Dr. Isra Levy, CMA, Ottawa, Ont.: personal
communication, 2001) and defeated.2

Because HBV can be prevented with immunization and
postexposure treatment for HCV exposure is not available,
the primary purpose of source testing is to establish HIV
serologic status. HIV PEP reduces the risk of transmission
and must be started within hours of exposure. A negative
result is not totally reassuring because of the potential for a
window period of infection without the presence of anti-
bodies, however, a patient’s refusal to be tested will impair
fully informed decision-making concerning PEP, increase
HCW anxiety and possibly result in unnecessary PEP side
effects. Policy-making in this area must weigh the relative
infrequency of such refusals and the consequences for PEP
recommendations with the ethical and legal considerations
of bypassing informed consent and mandating testing.

Addressing the issue of infected HCWs has also been
troublesome. The 1998 Canadian “consensus” conference
recommended that HBV immunization with confirmation
of immunity be mandatory for HCWs who perform or will
perform exposure-prone procedures. Those found to be
HBV carriers were to be referred to an expert panel who
would assess the risk of transmission.5 The CMA and the
Canadian Dental Association submitted dissenting opin-
ions, and the mandatory immunization and serology rec-
ommendations have yet to be implemented. Provincial col-
leges are at various stages of setting up expert panels to
address the practice issues of infected physicians.74

In the United States, the CDC recommended in 1991
that HIV-positive and HBeAg-positive HCWs should be
reviewed by an expert panel and should inform patients of
their serologic status before engaging in exposure-prone
procedures.75 It has been argued recently that this approach
should be replaced with a less aggressive strategy,76 al-
though the accompanying editorial argues that providing
greater protection of the interests of the infected HCW oc-
curs at an unknown expense to patients’ health.77 In the
United Kingdom, the initial restriction on performing in-
vasive procedures by HCWs who are HBeAg-positive has
been expanded to include those who are HBeAg-negative
but with high viral loads following clusters of HBV trans-
mission from HBeAg-negative surgeons.78

The differences in policies, approaches and recommen-
dations that address the issue of infected HCWs occur de-
spite the same information being available to all decision-
makers. Needle-stick injuries in some health care settings
provide the potential for bilateral transmission. For most
patient infections, the injury or recontact is either not rec-
ognized or not reported in time to initiate prophylactic
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treatment, and patients have no independent source of in-
formation regarding exposure other than notification by
the HCW. Considering the lack of recognition and report-
ing of potential exposures, it is unlikely that a policy of
mandatory postexposure HCW testing would contribute in
any substantive way to the reduction of HCW-to-patient
transmission of BBPs. Previous recommendations to re-
duce transmission have included the proper implementa-
tion of infection control and engineering techniques, uni-
versal HCW immunization with HBV vaccine, improved
reporting of exposures, making HCWs responsible for be-
ing aware of their serologic status, a reporting and review
mechanism for infected HCWs and a support system in-
cluding retraining, if required, for infected HCWs.5 Al-
though improved information and surveillance systems
could provide better data to inform decision-making, they
will not eliminate the difficulties of reconciling patient and
HCW perspectives at the interface of scientific, legal and
ethical considerations.
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