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INTRODUCTION

Since acquired immunodeficiency syndrome
(AIDS) was first recognized and reported in 1981,
more than 175,000 persons with AIDS have been
reported to public health departments in the United
States.! Despite advances in therapy, the median
survival following the diagnosis of AIDS is approxi-
mately two years.? The dramatic increase in AIDS
cases and their continued poor prognosis has resulted
in great public concern regarding the risks of trans-
mission of human immunodeficiency virus (HIV) from
infected healthcare workers to patients.

The report of probable transmission of HIV

infection from a dentist to five patients® has lead in-

part to the recent publication of recommendations by
the Centers for Disease Control (CDC) for the preven-

tion of nosocomial transmission of HIV during expo- -

sure-prone invasive procedures from infected
healthcare workers to patients.? In brief, these recom-
mendations entail the following: all healthcare work-
ers should adhere to Universal Precautions (UP);
healthcare workers who perform exposure-prone inva-
sive procedures should know their HIV status but

testing should be on a voluntary basis; and healthcare -

workers testing positive for HIV or hepatitis B surface
antigen (HBsAg) and hepatitis B “e” antigen (HBeAg)
should not perform exposure-prone procedures unless
cleared by an expert panel, and then only with
informed consent of their patients.

Voluntary or mandatory exclusion from perform-
ing invasive procedures by HIV.infected healthcare

workers also has been recommended in position
papers published by the American Medical Associa-
tion,” the Society for Hospital Epidemiology of Amer-
ica,® and the Association for Practitioners in Infection
Control.? However, a position paper from the Infec-
tious Disease Society of America indicates that HIV-
infected healthcare workers who comply with standard
infection control practices should not be routinely
excluded or restricted from performing patient care
activities, including invasive procedures.’ The scien-
tific underpinning of the CDC recommendations is
based on an evaluation of hepatitis B virus (HBV)
outbreaks involving healthcare workerto-patient trans-
mission and the belief that HIV is transmitted in ways
similar to HBYV, but less readily. We will review the
published reports of HBV transmission during inva-
sive procedures as a guide to determine which proce-
dures are likely to be associated with a risk of HIV
transmission.

TRANSMISSION OF HBV

HBYV transmission mechanisms have served as a
mode! for both predicting and preventing HIV trans:
mission. Like HIV, transmission of HBV is widely
recognized to follow sexual,l® parenteral,!l!* or peri-
natal exposure,’® Although HBV may be demon-
strated in saliva, transmission via oral secretions has
not been demonstrated in animal experiments’® or .
reported in human exposures,'817 HBV is more read-
ily transmitted than HIV and therefore serves as a
worse-cage scenario for HIV transmission.
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TABLE

SUMMARY OF QOUTBREAKS Associared WITH FHIBV-INFecTED BLEALTHCARE WORKERS

Information Gynecologist Cardiac Surgeon Oral Surgeon General Dentistry
No. reports 5 3 5 4
References 24,25,34,38,42 26,2835 27.29,31.36,41 32,33,39.43
Incubating illness 0 2 0 1
Transmission by 5 1 5 4

chronic cartier

HBsAg-positive 5 1 5 4

HBeAg-positive 5 1 3 2 not done 3, 1 not done
Symptomatic/total 32/49 10/25 39/199 32/49

HBV casest
Procedures (cases) Hysterectomy (27) " Open-heart surgery (8) Most commoanly Most commonly reported

Proposed mode of
transmission

Cesarean section (15)

Qophorectomy (2}
Repair of prolapse
uterus (1)
Forceps delivery (2)
Unkaown (2)

Direct injury by sharps
guided by gloved fin-

gers during sue

Cardiothoracic
surgery (17)

Procedures involved
“high-risk” for sharps
injury26283

reported procedure:
extractions (68}

Injury (e.g., cuts) from

instruments/
teeth37293L3641 ng

gery2t5343842 needle
holder not used for
suturing®

Infection control {nstated?*; double

gloves during sur

procedures: extractions,
CTOWNS, Surgery

Hand trauma (e.g.. cuts)
with subsequent bleed-
ing into mouth of
patient®®43; no

Removed during ill-

geryZB3LBAL severe  gloves2B39.43
dermatitis?

Gloves??2041%; exclusion Exclusion from surgical

techniques/ glove®538%; exclusion ness?®35; treated with from surgical proce- procedures®33;
precautions from surgical proce- interferon®8 dures?3.3L36 ' gloves®42
instituted dures38.42

* One incubating dentist became a chronic carrier,

+ Asymptomatic cases were not sought in alf studies, and some cases may represent nonoutbreak-associated infection.

+ Cases transmitted after precautions inftiated.

The risks of acquiring infection following per-
cutaneous exposure in the healthcare setting are

approximately 30% for HBV if the source is HBeAg-

positivel! and 0.29% for HIV.1®8 HBV likely is more
stable than HIV in the environment because HBV is a
nonenveloped virus. Both agents are susceptible to
disinfectants commonly used in the hospital.’® Indi-
rect transmission of HBV has been reported in the
hospital setting due to blood<ontaminated instru-

ments or other objects. Infection has been associated -

with a blood-contaminated jet gun injector,?® an endo-
scope,?! a multi-dose heparin vial?? and a spring-
loaded fingerstick device.Z Indirect transmission of
HIV in the hospital setting has not been reported.

TRANSMISSION OF HBV FROM
INFECTED HEALTHCARE WORKERS
TO PATIENTS

Twenty reports have appeared in the English-
language literature documenting transmission of HBV
from infected healthcare personnel to patients in

healthcare settings (Table).2+*? Unpublished investi-
gations also have been reported in the literature as
“personal communications.™84% Countries reporting
outbreaks included the United States (13), England
(4}, Holland (1), Switzerland (1), and Norway (1). The
outbreaks occurred between 1968 and 1986.

In these reports, 21 HBWVinfected healthcare
workers transmitted infection to approximately 400
persons. Seventeen of the infected healthcare workers -
routinely performed operative procedures or engaged
in dentistry. The remaining four performed more
minor invasive procedures, such as performing intra-
muscular injections, obtaining blood gases, perform-
ing venipunctures or operating a cardiac pump.

Transmission most comumonly occurred (77%)
from a healthcare worker who was chronically infected
with HBV. In ail cases. in which HBeAg was
sought, the healthcare worker was posi-
tive, 2426.28.3032.34,36.38.39.41-83 [ five cases, transmission
occurred during the incubation phase of acute HBV
infection.263537.3943 Of interest, the source of infection
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* One incubating dentist became a chronic carrier.

TABLE (continued)
SumMaRrY OF QUTBREAKS AssSOCIATED WiTH HBV-INFECTED FLEALTHCARE WORKERS
Geneoral Medical Registered Nurse
Information Physician Inhalation Therapist {Surgical Ward) Perfusion Technologist
No. reports 1 1 1 1
References 30 40 37 26
Incubating illness : 0 1 1 0
Transmission by chronic 1 . 0 1
carrier
HBsAg-positive 1 1 Not done 1
HBeAg-positive 1 1 Not done 1
Symptomatic/total 41/41 2/2 11/11 11/11
HBYV casest
Procedures Venipuncture or prick  Drew blood gases Gave IM injections Fitted sterile parts of
{33 of 36 cases) heartlung machine; oper-
ated pump during open-
heart surgery
Proposed mode of Injuries from opening  Severe exudative derma- Contamination of IM Contaminated heart-lung
transmission drug ampules; MD titis on hands may injections machine from hand
worked while severely  have caused contami- warts that bled; no
ill, including esophag-  nation of arterial cathe- gloves
eal bleeding; no gloves  ter; no gloves
Infection control Gloves®®; died Removed during illness Removed during illness  Gloves®%; excluded from
. techniques/precautions work
.. instituted

1 Asymptomatic cases were not sought in all studies, and some cases may represent nonoutbreak-associated infection.

# Cases transmitted after precautions initiated.

for the healthcare provider was an infected patient in
at least three instances,3637.40

In eight outbreak investigations, serologic test-
ing was offered to exposed patients,2427.28.3235.3633.39
Overall, 160 of 2,704 (5.9%) showed evidence of
possible nosocomial acquisition. Interpretation of these
data requires recognition of several important caveats.
First, because not all exposed patients were tested,
the sample population may not truly reflect the rate of
HBV transmission. Second, this rate of transmission
represents the upper bounds of infectivity because it
was often impossible fo separate out cases of noso-
comial transmission from either previous or nonout-
break-related infection. Third, these data represent
the rate of HBV transmission only in outbreaks whose
investigation was precipitated by known transmission.

Following recognition of an HBV outbreak traced
to a healthcare provider, hospital or public health
authorities suggested the following measures: institu-
tion of glove and/or mask use26:2930383941.43. ghtain-
ing informed consent2527.3%; removal from work during
acute illness®3537%; restriction from performing inva-
sive procedures®-3436.4243; and/or restriction from
performing invasive procedures after glove use failed
to prevent additional infections, 262938

LESSONS FROM NOSOCOMIATL
TRANSMISSION OF HBV

The overall seroprevalence of all HBV markers
in the US population is 14% (0.9% HBsAg-positive)
among African-Americans and 3% (0.2% HBsAg-
positive) among caucasians.** Among healthcare work-
ers with no or infrequent blood contact, the
seroprevalence is 3% to 10% (0.3% HBsAg-positive),
while among healthcare workers with frequent blood
contact, it is 15% to 30% (1%-2% HBsAg-positive}.*! The
high prevalence of HBV markers among healthcare
workers has been related to duration and frequency of
exposure to blood or blood products. Despite the
large number of HBsAg-positive healthcare providers,
only 20 reports have been published of HBV transmis-
sion from healthcare providers to patients. Several
prospective studies?>™¢ have failed to discern a risk
greater than background level of HBV transmission
from infected healthcare workers to patients, even
during invasive procedures. Because there are approx-
imately 90,000 practitioners of general surgery, obstet-
rics/gynecology, orthopedic surgery, thoracic
surgery, and colorectal surgery, and 140,000 active
dentists, one could estimate that there are at least
2,300 to 4,600 HBsAg-positive healthcare workers
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who perform exposure-prone invasive procedures.
Given this large number of HBV-infected healthcare
workers, physician-to-patient transmission is a very
infrequent event.

The risks of patients acquiring HIV from their
healthcare provider should be several orders of mag-
nitude lower than the risk of acquiring HBV from their
healthcare provider for the following reasons. First,
the seroprevalence of HIV among healthcare provid-
ers averages 0.12%.% Unlike the situation with HRY,
the prevalence of HIV infection among healthcare
workers is similar to the general population. 3 Sec-
ond, all published reports of HBV transmission
occurred in an era prior to the institution of UP. The
most common risk factor for transmission was the
failure to wear gloves during dental or oral surgery
procedures. Third, based on data delineating the risk
of infection following percutaneous exposure, the risk
of HIV transmission would appear to be approximately
100-fold less than for HBV. Retrospective testing of
patients operated on by HIV-positive physicians has
failed to demonstrate transmission.51* Thus, despite
one probable case of transmission from an HIV
infected dentist to five patients, the risk of HIV
acquisition per invasive procedure is low.

Procedures most commonly associated with trans-
mission appeared to involve manipulation of needles
or sharp instruments, especially in highly confined or
poorly visualized spaces. Dental procedures, oral
surgery, and major chest and abdominal/pelvic sur
gery were associated with almost all cases of HBV
transmission. Thus, hysterectomies and caesarian
sections have been associated with transmission but
not nonforceps vaginal deliveries. 2425343822 (Cage/
control studies in outbreaks involving dentists have
reported that invasive procedures (e.g., surgery,

crowns, extraction) were more frequently associated

with HBV transmission than relafively noninvasive
procedures {e.g., prophylaxis).’23 Recommendations
to restrict HIV-infected healthcare workers from inva-
sive procedures should be interpreted such that
exclusion would apply only to procedures involving
the use of sharp instruments in highly confined or
poorly visualized spaces or where digital palpation of
needles or other sharp instruments is used.

The major risk factor associated with transmis-
sion of HBV was the failure to wear gloves while
performing dental procedures or oral sur-
gery.#728.31.3233.3639.4L43 [JP should be mandatory in all
healthcare settings. Dermatitis, especially when asso-
ciated with weeping or bleeding lesions, also was
associated with HBV transmission.?63640 Healthcare
personnel with exudative lesions or weeping dermati-
tis should be prohibited from direct patient contact
and handling patient-care equipment. If prohibition is

not instituted, healthcare personnel! with exudative
lesions or weeping dermatitis should be required to
wear gloves during direct patient contact and when
handling patientcare equipment. In HBV outbreaks,
the institution of a requirement to wear gloves or
double-gloves eliminated HBV transmission in some
outbreaks®# but led only to a decreased rate of
transmission in others,2622.30.38

Many of the recommendations in the recent CDC
publication have been used to control HBV outbreaks,
including requiring informed consent of patients prior
to an exposure-prone invasive procedure, restriction
from performing invasive procedures, and evaluation
of the risks of transmission on an individual basis by
public health and hospital personnel.3342

Evaluation of potential transmission of HBV from
healthcare workers to patients frequently led to gen-
eral knowledge about the providers HBV status.
Tracing patients exposed to an HIV-infected
healthcare worker also was likely to lead to a dissemina-
tion of the providers HIV status.

Institution of the CDC recommendations for the
management of the HIV-infected worker is likely to
result in significant costs.® It remains to be seen
whether the CDC recommendations or those from the
Infectious Disease Society of America reflect a better
balance between protection of the public and the
rights of heaithcare providers.

CONCLUSIONS

Despite the significant prevalence of HBsAg
positivity among healthcare workers, transmission
from infected heaithcare workers to patients appears
to be a rare event based on the relative scarcity of
reported cases. Because the seroprevalence of HIV
among healthcare workers is at least ten-fold less than
HBsAg, and HIV is approximately 100-fold less trans-
missible than HBV following percutaneous exposure,
transmission of HIV during an invasive procedure is
likely to be a rare event.

High-risk invasive procedures for transmission of
HBV include dental and oral surgical procedures and
major chest and abdominal/pelvic surgery. Proce-
dures such as nonforceps vaginal deliveries, cutane-
ous surgery, and placement of intravenous devices
should not transmit bloodborne pathogens provided
UP are followed.

The use of gloves during invasive procedures
significantly decreases the frequency of HBV trans-
mission. By extrapolation, the use of gloves should

also decrease the transmission of other bioodborne

pathogens, Gloves should be worn whenever contact
with nonintact skin, mucous membranes, and blood is
anticipated as well as during all invasive procedures.
However, the use of gloves will not entirely eliminate
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transmission of HBV from HBeAg-positive healthcare
workers during exposure-prone invasive procedures,

Healthcare personnel with exudative lesions or
weeping dermatitis should be prohibited from direct
patient contact and from handling patient care equip-
meunt,

In all reported cases of HBV transmission from a
chronically infected healthcare worker, the source
was HBeAg positive. Therefore, chronically HBV-
infected heaithcare workers should be restricted from
performing exposure-prone invasive procedures only
if they are HBeAg-positive. .

Periodic screening of healthcare workers for
HBV will not prevent all cases of healthcare worker-to-
patient transmission, as heaithcare workers during
the incubation phase of HBV infection also may
transmit disease. If HIV transmission is determined to
occur at a measurable frequency, transmission during
the “window” period of disease aiso may occur.

Restrictions against performing invasive proce-
dures have been employed to control HBV outbreaks
in several cases, but only when an HBVinfected
healthcare worker was the known transmitter.

REFERENCES

1. Centers for Disease Control. Update: acquired immunodefi-
ciency syndrome—United States, 1981-90. MMWR. 1991;40:358-
363,369.

2. Lafferty WE, Glidden D, Hopkins SG. Survival trends of people

" with AIDSin Washington State. Am J Public Heaith, 1991:81:215
218,

*  3.Centers for Disease Control. Possible transmission of human

: immunodeficiency virus-to a patient during an invasive dental
procedure, MMWR. 1990;39:489-493,

4. Centers for Disease Control. Update: transmission of HIV
infection during an invasive dental procedure—Florida, MMWR,
1991:40:21.27.33.

5. Centers for Disease Control. Update: transmission of HIV
infection during invasive dental procedures—Florida. MMWR.
1991:40:377-381.

6. Centers for Disease Control, Recommendations for preventing
transmission of human immunodeficiency virus and hepatitis B
virus to patients during exposure-prone invasive procedures,
MMWR. 1991;40:1-9. ’

7. American Medical Association. AMA statement on H{\infectad
physicians. Newsletter 1991:8:1-2.

8. Association for Practitioners in Infection Control, Society for
Hospital Epidemiology of America. Position paper: the HIV-
infected heaithcare worker. Infect Control Hosp Epidemioi.
1990:11:647-656.

9. Position on Policy Development for Health Care Personnel Infected
With Human Immunodeficiency Virus. New Haven,
Cont:Infectious Disease Society of America; 1991,

10. Szmuness W, Much MI, Prince AM, et al. On the rwle of sexual
behavior in the spread of hepatitis B infection. Ann Intern Med.
1975:83:489-495,

11. Seetf LB, Wright EC, Zimmerman HJ, et al. Trpe B hepatitis after
needlestick exposure: prevention with hepatitis B immune
globulin. Amn Intern Med. 1978;88:285-203,

12. Werner BG, Grady GF Accidental hepatitis-B-surface-antigen-
positive inoculations; use of e antj gen to estimate infectivity. Ann
Intern Med. 1982:97:367-369.

13. Beaslevy RP. Trepo C, Stevens CE, Szmuness W. The o antigen
and vertical transmission of hepatitis B surface antigen. Am f
Epideniol. 1977,105:04-98.

14,

15,

16.

17.

18.

19.
20.
21.
22,

23.

24.

25.

26.
27

28.

29.

30.

31

32

33.

34.

35,

36.

37.

38,

39.

Jenison SA, Lemon SM, Baker LN, Newhold JE. Quantitative
analysis of hepatitis B virus DNA in saliva and semen of
chronically infected homosexual men. J Infect Dis. 1987;156:299-
307. -

Bancroft WH, Snitbhan R, Scott RM, et ai. Transmission of
hepatitis B virus to gibbons by exposure to human saliva
containing hepatitis B surface antigen. J Infect Dis. 1977;135:7%
85

Osterholm MT, Bravo ER, Crosson JT, Polisky HE Hanson M.
Lack of transmission of viral hepatitis type B after oral exposure
to HBsAg-positive saliva. Brit Med | 1979:1263-1264.

Glaser JB, Nadler JP Hepatitis B virus in a cardiopulmonary
resuscitation training course; risk of transmission from a surface-
antigen-positive participant. Arch Intern Med. 1985:145: 1653
1655. .

Henderson DK, Fahey B], Willy M, et al. Risk for occupational
transmission of human immunodeficiency virus type 1 (HIV.1)
associated with clinical exposures: a prospective evaluation. Ann
Intern Med. 1990;113:740-746.

Rutala, WA. APIC guideline for selection and use of disinfec-
tants. Am J Infect Control. 1990;18:99-117.

Centers for Disease Control, Hepatitis B associated with jet gun
infection—California. MMWR. 1986;35:373-376.

Morris IM, Cattle DS, Smits BJ. Endoscopy and transmission of
hepatitis B. Lancet. 1975:1i:1152.

Oren 1, Hershow RC, Ben-Porath E, et al. A common-source
outbreak of fulminant hepatitis B in a hospital. Ann Intern Med.
198%;110:691-698.

Centers for Disease Control, Nosocomial transmission of hepati-
tis B virus associated with a spring-loaded fingerstick device—
California. MMWR. 1990:39:610-613.

Welch J, Webster M, Tilzey AJ, Noah ND, Banatvala JE.
Hepatitis B infections after gynecological surgery. Lawucet
1989;i:205-206.

Cari M, Blakey DL, Francis DP Maynard JE. Interruption of
hepatitis B transmission by modification of a gynecologist's
surgical technique. Lancet. 1982:1:731-733.

Coutinho RA, Albrecht-van Lent P Stoutjesdijk L, et al. Hepatitis
B from doctors. Lancet. 1982:i:345-346.

Goodman RA, Ahtone jL, Finton RJ. Hepatitis B transmission
from dental personnel to patients: unfinished business. Aun
Intern Med. 1982;96:119.

Flower AJE, Prentice M, Morgan G, et al. Hepatitis B infection
following cardiothoracic surgery. Abstracts of the 1990 Inierna-
tional Symposium on Viral Hepatitis and Liver Diseases. Houston,
Texas, Abstract #201.

Goodwin D, Fannin 5L, McCracken BB. An oral surgeon-refated
hepatitis-B outbreak. California Morbidity, 1976:14.

Grob PJ, Moeschlin P Rigk to contacts of a medical practitioner
carrying HBsAg. N Engl | Med, 1975:293:197.

Centers for Disease Control. Qutbreak of hepatitis B associated
with an oral surgeon—New Hampshire. JAMA. 1987:257:1709. -
Shaw FE Jr, Barrett CL, Hamm R, et al. Lethal outbreak of
hepatitis B in a dental practice. JAMA. 1986:255:3260-3264.

Levin ML, Maddrey WC, Wands JR, Mendeloff Al Hepatitis B
{ransmission by dentists. JAMA. 1974;228:1136-1140.
Anonymous. Acute hepatitis B following gynecologicai surgery.
£ Hosp Pnfect. 1987:9:34-38.

Haerem JW, Siebke JC, Ulstrup J, Geiran 0, Helle . HBsAg
transmission from a cardiac surgeon incubating hepatitis B
resulting in chronic antigenemia in four patients. Acta Med
Seand. 1981;210:389-392.

Reingold AL, Kane MA, Murphy BL, Checko B Francis DP
Maynard JE. Transmission of hepatitis B by zn oral surgeon. /
Infect [Xs. 1982:145:262-268,

Garibaldi RA, Rasmussen CM, Holmes AW, Gregg MB. Hospital-
acquired serum hepatitis: report of an outbreak. JAMA.
1972:219:1577-1580.

Lattau LA, Smith JD, Williams D, et al. Transmission of hepatitis
B with resultant restriction of surgical practices. JAMA.
1986:255:934-937.

Hadler SC, Sorley DL, Acree KH, et al. An outbreak of hepatitis B
in a dental practice. Aun Jitern Med, 1981:95:133-138.




630 IneECTION CONTROL AND HOsMTAL EPIDEMIOLOGY

October 1991

40. Snydman DR, Hindman SH, Wineland MD, Bryan JA, Maynard
JE. Nosocomial viral hepatitis B: a cluster among staff with
subsequent transmission to patients. Ann [ntern Med. 1976;83:573
577.

41. Rimland D, Parkin WE, Miller GB, Schrack WD, Hepatitis B
outbreak traced to an oral surgeon. N Engl / Med, 1977,296:953-
958,

42, Acute hepatitis B associated with gynecological surgery. Lancet.
1980:1:1-6.

43, Ahtone ], Goodman RA. Hepatitis B and dental personnel;
transmission to patients and prevention issues. [ Am Dent Assoc.
1983:106:219-222.

44. Centers for Disease Control. Protection against viral hepatitis:
recommendations of the Immunization Practices Advisory Com-
mittee (ACIP). MMWR, 1990;39:5-9,

45, Meyers JD, Stamm WE, Kerr MM, Counts GW. Lack of
transmission of hepatitis B after surgical exposure. [AMA.
1978;240:1725-1727,

46. LaBrecque DR, Muhs JM, Lutwick LI, Woolson RE Hierholzer
WR. The risk of hepatitis B transmission from healthcare
workers to patients in a hospital setting—a prospective study.
Hepatology. 1986;6:205-208.

47, Williams SV, Pattison CP Berquist KR, Dental infection with
hepatitis B. JAMA. 1975;232:1231-1233.

48, Alter HJ, Chalmers TC, Freeman BM, et al. Healthcare workers

positive for hepatitis B surface antigen. N Engi J Med
1975;292:454457.

49. Henderson DK. AIDS and the healthcare worker: management
of human immunodeficiency virus infection in the heaith-care
setting. AIDS Updates. 1990:3:1-12.

50. Cowan DN, Brundage JE Pomerantz RS, Miiler RN, Burke DS.
HIV infection among members of the U.S. army reserve compo-
nents with medical and health occupations. JAMA. 1991:265:2826-
2830.

51. Mishu B, Schaffner W, Horan JM, Wood LH, Hutcheson RH,
McNabb PC. A surgeon with AIDS: lack of evidence of transmis-
sion to patients. JAMA. 1990:264:467-470.

52. Sacks JJ. AIDS in a surgeon. N Engl f Med. 1985 ;313:1017-1018.

53. Armstrong FP Miner JC, Wolfe WH. Investigation of a
healthcare worker with symptomatic human immunodeficiency
virus infection; an epidemiologic approach. Milit Med.
1987;152:414-418.

54, Porter jD, Cruickshank JG, Gentle PH, Robmson RG, Gill ON.
Management of patients treated by surgeon with HIV infection.
Lancet. 1990;335:113-114.

55. Gerberding JL. Expected costs of implementing a mandatory
human immunodeficiency virus and hepatitis B virus testing and
restriction program for healthcare workers performing invasive
procedures. Infect Control Hosp Epidemiol, 1991:12:443-447.



