OcCCUPATIONAL RiISK OF HIV INFECTION IN
HEALTH CARE WORKERS

The following is a summary of the presentation on the occupational
risk of HIV infection given at the Atlanta course by David M. Bell,
MD, from the Centers for Disease Control and Prevention in
Atlanta, Georgia.

Documented Cases of Occupational HIV Infection in Health
Care Workers

A ccording to statistics from the Centers for Disease Control
L B and Prevention (CDC) as of December 1994, 4.8% of
T adults with AIDS reported a history of employment in a
health care setting. Since 7.7% of the labor force in the United
States is employed in health services, health care workers do not
appear to be overrepresented in cases of AIDS. As of December
1994, there were 42 documented cases of occupationally-ac-
quired HIV infection in health care workers and 91 cases of pos-
sible occupational transmission, with the time or source of infec-
tion remaining undocumented in these persons (provisional
numbers as of December 1995 are 49 documented cases and 102
possible cases). Of the 42 health care workers with documented
cases as of 1994, 38 were exposed to infected blood, 2 were ex-
posed to concentrated virus in a laboratory, 1 was exposed to visi-
bly bloody body fluid, and 1 was exposed to an unspecified body
fluid. In total, 36 cases involved percutaneous exposure, four in-
volved mucocutaneous exposure, and one involved both types of
exposure, with the exposure route in one laboratory transmission
remaining uncertain. Of the 37 percutaneous exposures, 34

TABLE 1. HIV SEROPREVALENCE IN SELECT GROUPS OF HEALTH CARE WORKERS.

involved hollow-bore needles and one each involved a scalpel, a
broken vial, and an unknown sharp object. The disease status of
the 40 HIV infection-source patients consisted of AIDS in 29
(72%), asymptomatic infection in 4 (10%), symptomatic infec-
tion in 2 (5%), and unknown status in 5 (12%). Of the 42 health
care workers with documented cases, 15 were clinical laboratory
technicians (primarily phlebotomists), 13 were nurses, 6 were
physicians, 2 were surgical technicians, 2 were nonclinical labo-
ratory workers, 1 was a respiratory therapist, another was a health
aide, 1 was a housekeeper/maintenance worker, and 1 was a
dialysis technician.

Seroprevalence Studies in Health Care Workers

Seroprevalence studies in health care workers have consis-
tently documented a very low positive rate when persons with
known nonoccupational risk factors are excluded. Table 1 shows
results of HIV seroprevalence studies in selected groups of health
care workers. Extensive seroprevalence studies have also been con-
ducted in dentists showing low rates of infection. One drawback of
these seroprevalence studies is that the extent of exposure to HIV in
most of the workers tested is unknown. These surveys are nonethe-
less helpful in that they do not suggest a high rate of previously un-
detected infection in those health care workers studied.

Risk Factors for Transmission and Risk Estimates

Another way to assess risk of occupationally-acquired infec-
tion is to construct esti-
mates based on the
prevalence of HIV in-
fection in the patients
with whom the health
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Table 2. HIV Seroconversion Rates in Health Care Workers

Enrolled in Prospective Studies After Percutaneous
Exposure to Infected Blood.

It should be noted that these estimates are subject
to many limitations, including simplified as-
sumptions and incomplete data. Regarding the
estimate by Henry and colleagues of 8 cases of -
occupationally-acquired HIV infection in hospi-
tal workers in 1990, Dr Bell noted that in that

No. No. Seroconversion same year the CDC received reports of five hos-

Source* Location  enrolled seroconverted rate/100 HCWs  pital workers who had documented infection

- from hollow-bore needle injuries, and that the

Cardo United 1391 4 0.29 number of possible cases (the dates of which

States could not be precisely determined) may have

Ippolito Ttaly 1546 3 0.19 brought the total number of cases for 1990 close
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*Presented as abstracts. HCWs, health care workers; CI, confidence interval.

times the rate of new diagnoses of AIDS per 1000 hospital dis-
charges. This finding provides a way for acute care facilities to
estimate seroprevalence in their respective populations; however,
it must be remembered that the data from which this finding was
derived are from 1990.

The risk of infection following a single percutaneous expo-
sure to HIV-infected blood has been estimated in prospective
studies to be about 1 in 300 (0.3%) (Table 2). In six studies in-
volving 1143 mucous membrane exposures, 1 case of seroconver-
sion (0.09%) was observed (95% CI, 0.002% to 0.50%). In a Na-
tional Institutes of Health (NIH) study, none of 2712 workers who
recalled skin contact with infected blood seroconverted, so that
the rate was reported to be 0%, with a 95% CI of 0.0% to 0.11%.

The third determinant of occupational risk is frequency of ex-
posure. Prospective studies in various
occupations have provided summary es-
timates of percutaneous, mucocuta-
neous, or skin contacts with blood and
the number of sharp object-related in-
juries per year. Using data such as these

and a number of different methodolo- _S0urce

of exposure and overestimates it for others.

Prospective studies do not have sufficient statis-
tical power to analyze risk of infection based on such factors as
volume of blood or disease stage of HIV-infected source patients.
As an alternative, some investigators have performed laboratory
studies to quantify the amount of blood that may be injected in
different needle-stick accidents. One such study conducted by
Gerberding and colleagues assessed the amount of blood trans-
ferred across a filter-paper barrier by a solid 2-0 suture needle
(0.69 mm diameter) and by an 18-gauge hollow needle (1.27 mm
diameter) penetrating no layers of gloves or 1 or 2 layers of
gloves to a depth of 5 mm through the filter. With no gloves, hol-
low needles injected approximately twice the volume of blood as
did solid needles. One glove reduced the injection volume by ap-
proximately 6-fold for the solid needle and by about one half for
the hollow needle. A further marginal reduction was seen when a

Table 3. Estimates of Cumulative Occupational Risk of HIV Infection

in US Health Care Workers.
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second layer of gloves was used with each type of needle. The
investigators concluded that risk of infection was reduced when
exposure involved solid needles and when gloves were worn, but
noted that the amount of blood injected differed by less than a
factor of 10. They further concluded that the amount of blood in-
jected was likely to be less important as a determinant of risk
than the concentration of HIV in the blood of the source patient.

Dr Bell and colleagues at the CDC recently published expo-
sure risk estimates based on a case-control study that compared
31 cases of occupationally-acquired HIV infection in the United
States, France, and the United Kingdom (January 1988 to August
1994) with 679 health care workers from a CDC needle-stick
study who had percutaneous exposure to infected blood but did
not seroconvert. The independent risk factors for HIV infection
following exposure determined in a multivariate analysis are
shown in Table 4. Factors associated with significantly increased
risk of infection included deep injury (in most cases subjectively
assessed), which was associated with the highest risk; visible
blood on device prior to injury; and procedures involving a nee-
dle placed directly into a vein or artery of the source patient (eg,
as opposed to a needle used in a heparin lock or IV tubing or in a
subcutaneous injection). These three risk factors are likely surro-
gates for volume of blood injected. The other independent signif-
icant risk factor for infection was terminal illness in the source
patient, with this factor likely being associated with high viral
titer and perhaps characteristics of the virus in late-stage disease.
A factor associated with a significantly decreased risk of infection
was postexposure use of zidovudine, with an odds ratio of 0.21
indicating that such use was associated with a 79% reduction in
risk following exposure.

Exposure Prevention

Prospective studies of injury during surgery have shown that
at least one injury occurs in 1% to 7% of procedures and that ap-
proximately three fourths of injuries are associated with suture
needles. A major intervention that has been studied by the CDC
and other investigators is the use of blunt-tip suture needles.
Blunt needles are useful for suturing a variety of tissues, but are
less than optimal for suturing of skin and fragile tissue (eg, vas-
cular tissue). In a CDC study of blunt needle use in gynecologic
surgery (a specialty with one of the highest needle-stick rates), in
three New York City hospitals use of a blunt needle increased
markedly after an introductory period, with injuries per 100 pro-
cedures decreasing dramatically as use of a blunt needle in-
creased. A number of other promising devices for surgical use
have recently been developed, including electrocautery, stapling,
and finger protective devices.

Other devices with safety features to prevent needle-stick in-
jury have been introduced for procedures involving hollow nee-
dles, such as phlebotomy or starting an I'V access. The risk of in-
jury in phlebotomy, for example, is not limited to the person
drawing the blood; most injuries in these settings occur after the
needle has been used and is set aside or improperly disposed of,
with housekeeping workers and others also being at risk of injury.
Studies of these devices conducted by the CDC and other investi-

gators have shown a potential for significant risk reduction. It

should be noted, however, that these safety devices can be expen-

Table 4. Independent Risk Factors for HIV

Infection After Percutaneous Exposure
to Infected Blood.

Adjusted
odds ratio
Risk factor (95% CI) P-value
Deep injury 16.09 (6.11-44.57) <.0001
Visible blood on device 5.22 (1.79-17.69) 004
Insertion of needle 5.11(1.94-14.82) .002
directly into a vein
or artery
Terminal illness in 6.39 (2.22-18.87) .001
source patient
Postexposure use of 0.21 (0.06-0.57) .005

zidovudine

CI, confidence interval. Adapted from Centers for Disease Control and Pre-
vention. MMWR. 1995.

sive, and workers have to be trained in their use. As an example of
practical problems that can arise with introduction of novel de-
vices, an increase in bloodstream infections has reportedly accom-
panied use of needleless IV systems. These infections have oc-
curred in cases in which the device was left in place for prolonged
periods; this problem appears not to be related to the device itself
but to failing to institute or maintain infection control techniques
appropriate for using the device.

Postexposure Prophylaxis

Results from animal studies of postexposure prophylaxis
with zidovudine, the only antiretroviral agent to be studied in any
detail to date in this regard, have not been conclusive. These
studies have been hampered, however, by the absence of a good
animal model of HIV infection and by the fact that the inocula
given in existing models have been large (to ensure adequate
challenge) and frequently delivered by routes not characteristic
of occupational exposures in humans (eg, intrathymically).
These animal studies, however, have revealed that if a postexpo-
sure agent is to work at all, it must be given promptly—eg, within
several hours—after exposure. The data available indicate that
treatment begun later than 24 to 48 hours after inoculation will
prove ineffective. A second important finding is that treatment
did not prevent infection in some animal studies, but suppressed
it. The possibility of this phenomenon occurring in humans must
also be considered.

Despite these findings from animal models, there is evidence
(eg, in the case-control study mentioned above) that postexposure
use of zidovudine in humans decreases risk of infection. Find-
ings from ACTG protocol 076 regarding maternal-fetal transmis-
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sion also documented a highly significant effect of zidovudine in
preventing transmission. There is some evidence that this benefit
was related to a protective effect from the drug as well as to a de-
crease in viral load achieved with treatment. Recommendations
regarding chemoprophylaxis after occupational exposure to HIV
are provided by an interagency working group composed of rep-

resentatives of the CDC, FDA, NIH, and HRSA (see MMWR,
1996 below). 2]

David M. Bell is Chief of the HIV Infections Branch, Hospital Infec-
tions Program, of the Centers for Disease Control and Prevention in
Atlanta, Georgia.
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