Blood-borne pathogens and nosocomial

infections

Donald A. Goldmann, MD Boston, Mass

Guidelines to prevent the transmission of blood-borne infec-
tions have evolved rapidly since the recognition that “serum
hepatitis” could be transmitted to health care personnel via
percutaneous exposure to blood. The HIV epidemic focused
renewed attention on the problem of protecting health care
personnel, culminating in ‘“standard precautions” for patient
care, which emphasized the use of gloves for all contact with
blood and body fluids. This focus on protection of the health
care worker sometimes obscures the other important functions
of gloves: protection of patients from microorganisms on the
hands of providers and prevention of patient-to-patient trans-
mission of nosocomial pathogens. The risk of infection after
percutaneous exposure to the 3 major blood-borne viruses—
hepatitis B virus (HBV), hepatitis C virus (HCV), and HIV—
varies greatly. The risk for a nonimmune individual exposed to
HBYV may be >30% if the source is Hb,Ag-positive. The aver-
age infection rate for HCV is 1.8%. For HIV, the average risk
is 0.3%, but is higher with deep injury, when there is visible
blood on the device, when a needle has been in an artery or
vein, or when the source patient is in the terminal phase of
HIV. Prompt administration of anti-HIV therapy reduces risk
by about 80%. Mucous membrane and cutaneous exposures
carry less risk. Recent efforts to reduce needlestick injuries in
hospitals have reduced the risk to health care providers. Sur-
geons and other health care professionals who are infected
with HIV or HCV pose a very small risk to their patients,
although a number of outbreaks have been traced to surgeons
who are HBV carriers; most have been Hb.Ag-positive. (J
Allergy Clin Immunol 2002;110:S21-6.)
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INFECTION CONTROL CONTEXT

Even before the birth of the germ theory, the coura-
geous people who cared for the sick tried as hard as they
could to protect themselves from contagion. In the late
Middle Ages, for example, the brave souls who volun-
teered to care for victims of the plague wore masks
designed to shield them from the vapors (or miasmas)
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that they thought transmitted this lethal illness. Modern
concepts of disease transmission are more sophisticated,
and personal protective gear has evolved accordingly. In
the industrialized world, high-performance gloves,
water-impermeable gowns, highly efficient masks, and
impervious face shields are all part of the contemporary
health care worker’s standard gear. Of course, health care
providers in developing countries are not always so for-
tunate. The brave nurses and doctors who care for
patients with hemorrhagic fevers, such as Lassa fever and
Ebola virus, have experienced extraordinarily high fatal-
ity rates. Retrospective epidemiologic analysis of these
outbreaks has invariably shown that health care providers
did not have access to the gloves, gowns, and masks that
almost assuredly would have protected them from infec-
tion and death. Moreover, even when such equipment
was available, training in its use was inadequate.

Health care providers often seem confused about the
purpose of the protective gear they wear. Fear of blood-
borne diseases tends to be the prime motivator for hospi-
tal personnel. When the first patients with AIDS were
admitted to hospital wards in the United States, staff
often donned protective garb for even the most casual
contact with infected patients. Understanding of the
modes of transmission of HIV quickly led to an appro-
priate relaxation of behavior. The same members of the
ward team who had put on gloves and gowns just to
examine the chest of a hospitalized AIDS patient in the
first year of the outbreak did not even bother to wash
their hands after examining a similar patient a year later.
Nonetheless, fear of exposure to AIDS and other blood-
borne viral infections is still the prime incentive for per-
sonnel to wear gloves, gowns, and other protective equip-
ment during patient care. It is sometimes forgotten that
these shields have other important functions in patient
care, apart from protecting the staff from contagious dis-
eases. Gloves protect patients from microorganisms dur-
ing surgical procedures and the insertion of invasive
devices, such as central venous catheters. In addition,
gloves may reduce the small risk to patients from care-
givers who are carriers of a blood-borne virus, an issue
that is discussed in greater detail below.
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Gloves play a particularly important role in preventing
nosocomial patient-to-patient transmission of bacteria,
viruses, and fungi via contaminated hands of caregivers.
Indeed, gloves, supplemented by appropriate hand
hygiene, are at the very core of all efforts to control the
spread of nosocomial pathogens, including antimicrobial-
resistant bacteria. Hospitalized patients, especially criti-
cally ill patients who require intensive care, tend to be
colonized with the nosocomial pathogens that are preva-
lent on the wards to which they are admitted. Typically,
they excrete very high concentrations of these pathogens
in their stool and respiratory secretions, often reaching
109 bacteria per gram of stool or per milliliter of sputum.
Even a speck of these heavily contaminated materials can
contaminate the hands with a large number of microor-
ganisms, unless the provider wears gloves and washes his
or her hands. Personnel who fail to adhere to these basic
infection control techniques place patients under their
care at grave risk for colonization and infection.

Confusion regarding the role of gloves for personal
versus patient protection occasionally leads to bizarre
behavior. Take the caregiver who wears the same pair of
gloves as he moves from patient to patient, oblivious to
the fact that many nosocomial pathogens survive quite
well on the surface of gloves, just as they do on the
ungloved hand, or the physician who removes her gloves
appropriately when leaving the bedside but fails to wash
her hands, despite convincing evidence that hands are
easily contaminated during glove removal.!

A brief review of the recent history of barrier precau-
tions in hospitals is useful in elucidating how the atti-
tudes and beliefs of infection control experts regarding
gloves, gowns, and other protective equipment have
evolved over time. The numerous changes in national
recommendations have less to do with new scientific evi-
dence than with the difficulty of blending the various
purposes of barriers into a single coherent policy.

The Centers for Disease Control and Prevention (CDC)
first published isolation recommendations in 1970.2
Seven categories of isolation were described, based on the
general modes of transmission of nosocomial pathogens.
Because it had clearly been established, as early as 1949,
that health care workers could contract blood-borne
hepatitis (“serum hepatitis™) from patients,3-¢ “blood pre-
cautions” was one of these categories. Subsequently, the
CDC streamlined these category-specific precautions
(including changing the term blood-borne precautions to
blood and body fluid precautions) and added recommen-
dations for the isolation of specific diseases. These guide-
lines, which were published in 1983, proved confusing,
largely because hospital infection control programs were
asked to choose between category-specific and diseases-
specific isolation systems.” Interpretation of the guide-
lines also required front-line hospital staff to understand
how specific pathogens are transmitted, an expectation
that remains unrealized to this day. Most importantly for
the present discussion, the AIDS epidemic quickly ren-
dered the concept of blood and body fluid precautions
obsolete. It was recognized that many patients harbor
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HIV (and other blood-borne pathogens) and are potential-
ly infectious to health care providers even though they
have not yet been given the diagnosis. Therefore, health
care workers were instructed to regard the blood of all
patients as potentially infectious and to protect them-
selves routinely when exposure to blood or body secre-
tions containing blood was expected. In 1985, the CDC
issued formal recommendations for such “universal pre-
cautions.”8 By 1987,9 universal precautions had been cod-
ified to include blood, semen, vaginal secretions, and var-
ious body fluids (amniotic, cerebrospinal, pericardial,
peritoneal, pleural, and synovial fluids), as well as any
fluid visibly contaminated with blood. One of the unin-
tended sequelae of these guidelines was an acute shortage
of latex gloves. As manufacturers struggled to meet the
demand, products of variable quality appeared in the mar-
ketplace, and it was years before supply of uniformly
high-quality gloves caught up with demand.

Just as infection control professionals were beginning to
apply these new standards, a novel guideline system called
Body Substance Isolation (BSI) was published by workers
in Seattle and San Diego.!0 BSI applied to all patients and
required gloves for contact with moist substances, mucous
membranes, and nonintact skin. BSI had intuitive appeal
because it required little training or knowledge, incorporat-
ed the principles of universal precautions for protection of
personnel, and was based on the assumption that all “body
substances” were potentially contaminated and could serve
as a source for patient-to-patient transmission of microor-
ganisms. Weaknesses of the system included sketchy pro-
visions for diseases spread by droplets, through the air, or
via environmental contamination. BSI was also expensive
to implement because it increased glove use. Moreover, the
need to wash hands after removal of gloves was not empha-
sized. Meanwhile, in 1989 and 1991, the Occupational
Safety and Health Administration issued stringent rules
regarding occupational exposure to blood-borne pathogens,
based largely on the concepts of universal precautions.!1:12

Confusion and inconsistency reigned, leading to yet
another CDC isolation guideline in 1996.13 This guideline
incorporated the basic tenets of BSI and universal precau-
tions in “standard precautions” for all patients. Standard
precautions apply to blood, all body fluids and secretions
except sweat (regardless of whether they contain visible
blood), nonintact skin, and mucous membranes. In addi-
tion, 3 categories of isolation were designated based on
the major modes of microbial transmission—airborne,
droplet, and contact. Special attention was given to certain
epidemiologically important antimicrobial-resistant
pathogens. These guidelines were a distinct improvement
but still required local modification and refinement, espe-
cially in pediatrics. They left infection control staff with
the obligation to emphasize that gloves are required to
protect both the hospital worker and the patient.

Individual blood-borne pathogens have specific risks
and consequences, and it is important to differentiate
among them. Each of the 3 principal blood-borne
pathogens is discussed briefly: hepatitis B virus (HBV),
hepatitis C virus (HCV), and HIV.
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RISKTO HEALTHCARE WORKERS

HBV was the pathogen that first alerted the medical
community to the occupational dangers of blood-borne
viruses. The problem was especially grave before intro-
duction of appropriate procedures to protect personnel
from exposure to blood and before introduction of safe,
effective hepatitis vaccines. At that time, the risk of HBV
was much higher for health care workers than for the gen-
eral population—more than 10-fold higher for certain
high-risk groups such as surgeons, dialysis workers, and
dentists.14-16 In 1983, the incidence of HBV infection in
health care workers was 386 per 100,000.!4 Because
approximately 10% of acutely infected individuals
become chronic carriers of the virus and are at risk for cir-
rhosis and hepatocellular carcinoma, the morbidity and
mortality rates associated with occupationally acquired
disease were substantial. Fortunately, the incidence of
infection has declined steadily over the years to 9.1 per
100,000 in 1995,14 and health care workers now appear to
be at an even lower risk than the general population.

Immunization of health care workers is especially
important because the risk of contracting disease from a
single percutaneous exposure to HBV—infected blood is
very high, ranging from 6% to more than 30% in various
studies.17-20 The highest risk is associated with exposure
to Hb,Ag-positive blood, which can contain 109 virions
per milliliter.!7 Thus, a needlestick injury with a 22-
gauge needle may expose the victim to 100 infectious
doses of virus. Titers of virus in saliva are much lower
than in blood (although saliva is considered potentially
infectious), and titers in other body fluids, such as urine
and feces, are very low or undetectable. Personnel who
are exposed to blood or other infectious materials by
means of splashes to mucous membranes or because they
have cuts or abrasions on their skin are considered at risk,
although the precise magnitude of the risk is unclear.

HCYV is considered a silent, deadly epidemic because
the majority of infected patients do not yet know they are
carrying the virus. In the 1980s, an estimated 230,000
new infections occurred annually in the United States.2!
Although the annual number of new infections declined
to about 36,000 in 1996,22-24 ag many as 3.9 million
Americans have been infected with HCV. The rate of
chronic infection (which often is asymptomatic for long
periods) is extraordinarily high—probably at least 85%.
Chronic liver disease may develop in up to 70% of infect-
ed patients, resulting in 8000 to 10,000 deaths per year
and an economic burden of >$600 million annually.

These are fearsome statistics, but are health care work-
ers at substantially increased risk for HCV? Certainly,
health care personnel do not fall among the major risk
groups, which include drug users; patients undergoing
hemodialysis on a long-term basis; persons who were
treated for hemophilia or received blood transfusions in
the 1980s or earlier; and people with multiple sex part-
ners, sexually transmitted diseases, and HIV. In fact,
aggregate serologic data suggest that health care workers
(including general, orthopedic, and oral surgeons) have a
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prevalence of HCV infection similar to that of the gener-
al population.?2 Nonetheless, HCV can clearly be trans-
mitted by percutaneous exposure to contaminated blood
in health care settings. The risk from a single percuta-
neous exposure appears to be about 1.8% (range, 0%-
7%),21:25 and a history of an accidental needle exposure
is independently associated with anti-HCV positivity.26
One study suggested that transmission occurs principal-
ly, even exclusively, through hollow-bore needles.2’ The
lower rate of transmission compared with HBV probably
reflects much lower blood titers of virus.282% The poten-
tial importance of mucous membrane and cutaneous
exposure to health care personnel has not been deter-
mined, but the risk is probably very low. There have been
very few case reports of transmission of HCV from blood
splashes to the conjunctiva.30-31 Unfortunately, unlike
HBYV, there is no vaccine for HCV, and postexposure
treatment with immune globulin is ineffective.22

Recent studies have provided major insights into the
epidemiology of HIV transmission in the workplace.32:33
The CDC had documented 56 cases of occupationally
acquired HIV infection as of June 1999 (E. Beltrami,
CDC, oral communication, 2001.) The majority of cases
were in clinical laboratory technicians and nurses. The
average risk of transmission after percutaneous exposure
to contaminated blood is approximately 0.3%, but the risk
varies greatly according to the specific circumstances. For
example, the risk of HIV is increased 15-fold with a deep
injury, 6.2-fold when there is visible blood on the device,
4.3-fold in procedures involving a needle placed in an
artery or vein, and 5.6-fold when the source patient is in
the terminal phase of AIDS.33 These data suggest that the
titer of virus in the blood of the source patient is a critical
factor in transmission. Presumably, hollow-bore needles
pose a greater risk than solid suture needles because the
volume of inoculated blood is greater. Mucus membrane
exposures are less hazardous (0.1% risk). No health care
worker enrolled in a prospective study has acquired HIV
through contact of blood with nonintact skin, so the risk
appears to be small.32 There is no evidence for transmis-
sion via aerosols of blood, even during orthopedic proce-
dures in which such aerosols are commonplace.34 The
good news from the epidemiologic studies that defined
the risk of exposure to HIV-contaminated blood is that
postexposure prophylaxis, if administered promptly,
reduces risk by about 5-fold.33

RISKTO PATIENTS

The other side of the coin, the risk that health care
providers will transmit blood-borne infections to their
patients, provokes even more passion and debate than poli-
cies designed to ensure the safety of the workers. It has
been known for years that infected providers can transmit
HBYV to patients. There have been more than 45 reports of
HBV transmission to patients during invasive procedures,
mostly in years before public awareness of the potential
problem.35 Almost all of the implicated health care work-
ers were positive for Hb,Ag, as would be expected, given
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their very high bloodstream viral titers in comparison with
infected, but Hb,Ag -negative, individuals. However, trans-
mission by Hb.Ag-negative surgeons has been reported in
Great Britain. These individuals carried a precore mutant in
the hepatitis genome that interrupts expression of the e anti-
gen.!7 Some surgeon-to-patient hepatitis clusters have been
traced to obvious breaks in sound surgical technique or
infection control practice.!” The cause of other outbreaks
has been harder to decipher. For example, 13% of the 142
patients operated on by a cardiothoracic surgeon were
infected, even though no problems with his surgical infec-
tion control practices had been documented.3¢ In a surgery
simulation experiment, the surgeon tied knots for 1 hour,
skin breaks were observed on his fingers, and hepatitis B
surface antigen (Hb,Ag) was detected when his gloves
were rinsed with saline solution.

There have been only a few reports of provider-to-patient
transmission of HCV.37-38 In an interesting recent outbreak,
molecular epidemiologic methods were used to trace trans-
mission of HCV from a patient to an anesthesiology assis-
tant, with subsequent transmission to 5 of the assistant’s
patients.39 The assistant seldom wore gloves because he felt
that they impaired his sense of touch. At the time of the out-
break, he had a weeping wound on his finger, suggesting
that he might have acquired hepatitis from the index patient
through cutaneous exposure. The mechanism by which he
subsequently transmitted virus to the other 5 patients is
unclear but could have been due to contact between his
wound and the patients’ mucous membranes.

The potential danger that infected health care workers
pose for their patients was brought into sharp national
focus when molecular genetic testing implicated an HIV-
infected dentist in Florida as the source of HIV infection
in 6 patients.40 The precise way in which this dentist might
have infected his patients was never determined, but the
episode led to a near-panic public reaction and rapid devel-
opment of policies designed to limit the exposure of
patients to HIV-positive providers. A second case, report-
ed in 1997, was accompanied by renewed public anxiety.32
A French surgeon had performed operations on 3994 indi-
viduals over a number of years while HIV-positive; one of
his patients was found to be infected with an identical HIV
strain. The patient had undergone a 10-hour procedure at a
time that the surgeon presumably had a high titer of circu-
lating HIV. Despite these two episodes, the majority of
evidence suggests that the likelihood of provider-to-patient
transmission of HIV is extraordinarily small. Six retro-
spective investigations of patients of infected surgeons and
dentists revealed no patients with HIV who could be posi-
tively linked to the practitioners and had no other risk fac-
tors.41-46 A total of 4752 patients were tested for HIV in
these studies. In addition, a CDC survey of all published
and unpublished studies through January 1995 (22,171
patients) revealed only 15 HIV-positive individuals who
did not have clearly established risk factors but had oppor-
tunities for exposure, plus 5 patients who had no definable
risk factors.4” Genetic typing of strains from 3 of the 5
patients with no risk factors and 13 of 15 patients with
opportunities for exposure demonstrated no concordance
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between patient and health care worker HIV strains. These
results suggest the need to recalibrate current concerns
regarding the danger infected providers pose to patients.

PERSONAL PROTECTION

Health care professionals who follow standard precau-
tions to the letter certainly can reduce their risk of expo-
sure to blood-borne viruses.#7-50 However, high-quality
gloves, impermeable gowns, and face shields do not
address the entire problem. Gloves generally do not pre-
vent needle punctures (although they may reduce the vol-
ume of blood that reaches the skin). If needles are
improperly handled or disposed of carelessly, the primary
provider places his or her colleagues, including environ-
mental services personnel, at risk. Although it used to be
common practice to leave needles lying around patient
care areas, virtually all health care institutions now have
appropriate puncture-proof needle disposal systems.
However, these systems still require timely emptying or
disposal. A variety of blood drawing practices can reduce
the risk of needle puncture, such as consolidating blood
draws and using needleless ports to obtain blood sam-
ples.32 The common practice of changing needles when
culturing blood does not reduce the risk of blood culture
contamination but does increase the risk of injury. So-
called engineering interventions designed to make intra-
venous systems and venipuncture devices safer have had
a profound impact on the risk of needlesticks on the
wards, and a variety of protected or needleless devices are
now commercially available.51-53 Legislation to ensure
adoption of safer systems has recently been passed.

Injury prevention during surgical procedures is more
challenging. A number of epidemiologic studies have
demonstrated that percutaneous exposures are more like-
ly to occur in the operating room during lengthy proce-
dures; when blood loss exceeds 250 to 300 mL; and dur-
ing selected major procedures, such as intraabdominal
gynecologic procedures, vaginal hysterectomies, major
vascular procedures, and orthopedic surgeries.54-62
Blunted suturing needles appear to be a major techno-
logic advance because they reduce the risk of injury sub-
stantially.32 Chiarello and Gerberding32 have made sensi-
ble recommendations for reducing sharps injuries in the
operating room. These include using instruments instead
of hands to retract and explore tissue, avoiding simulta-
neous presence of the hands of two surgeons in the sur-
gical field, announcing when sharps need to be passed,
and avoiding direct person-to-person passing of sharps.

Gloves are the principal barrier between surgeon and
patient, protecting both parties. Glove perforation or loss
of integrity during surgery is surprisingly common.63-69
Although surgeons may resist donning 2 pairs of gloves
because of technical concerns, there is no doubt that
double gloving is effective in reducing the risk of inner
glove puncture.%9-78 There is little evidence to indicate
that double gloving has a significant impact on surgical
dexterity or performance. Chairello and Gerberding32
have noted that because most punctures occur on the
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thumb, index, and middle fingers, reinforcing gloves in
these areas is logical. Novel glove materials with
improved resistance to punctures would be welcome.
Data from the CDC’s National Surveillance System
for Hospital Healthcare Workers clearly delineate the
epidemiology of exposure to blood and other potentially
infectious materials in the workplace and the magnitude
of the risk workers continue to face. Complete data are
available on the National Surveillance System for Hospi-
tal Healthcare Workers Web site (www.cdc.gov/nci-
dod/hip/NASH/report99.PDF). Most exposures occur in
inpatient wards (30%), operating or procedure rooms
(29%), intensive care units (13%), and emergency and
outpatient departments (15% combined). Rates of expo-
sure in central processing areas and laboratories are
lower but still important. Not surprisingly, nurses (44%)
and physicians (30%) are at highest risk. Syringe needles
(34%), suture needles (16%), butterfly needles (13%),
and scalpels (7%) are the most frequent causes of percu-
taneous injuries. Percutaneous exposures to hollow-bore
needles (which tend to pose the highest risk) occur most
often during phlebotomy (25%), intramuscular or subcu-
taneous injection (19%), insertion of an intravascular catheter
(14%), and manipulation of an intravascular line (14%).

NEW PERILS

Of course, new perils always dot the horizon. Bovine
spongioform encephalopathy (BSE) may be emerging as
the newest terror in the workplace, especially in regions
that have experienced this variant of Creutzfeldt-Jakob
disease (CJD). Human cases in Great Britain prompted the
Food and Drug Administration to issue restrictions on
blood donations by individuals with prolonged residence
in that country. Concerns were intensified by studies
showing that unlike classic CJD, the etiologic prion pro-
tein of BSE can be found in lymphoreticular tissue.”?
Moreover, there has been a recent report of blood-borne
transmission of BSE from an apparently healthy sheep that
was incubating the disease to another sheep.8 Nonethe-
less, there have been no documented cases of blood-borne
cross-infection of either CJD or BSE in humans.

Regardless of what the future may hold with regard to the
dangers of BSE in the workplace, one thing is certain.
Adherence to the same prudent measures that have been rel-
atively effective in reducing exposure to other blood-borne
pathogens will be critical, and new approaches to further
reducing the health care worker’s risk clearly are needed.
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