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INTRODUCTION

The development of infection (Ilurinig lhospitalization is a significant problem
encountered daily on every lhospital ward. The reported incidence of nosocomial
infections is between 3.5 and 15.5%,t of all lhospitalized patients(I-6).

Respiratory tract infectiotns, turinary tr-act infections andl )ostoperative wound
infections are the major- types of nosocomial infections(2-5). The predominant
organisms responsil)le for these infections are coaguLlase-positive staphylococci
an(1 gram-negative bacteria, partictularly Pseldonuonas aerligin osa, Escherichia
coli, Klebsiella, Serratia, an(d E lterobacter( 1-4,7-12).
The natural history of the dlevelopment of nosocomial infections appears to

begin with exposure of patients to patlhogenic bacteria whliclh lhave colonized
lhospital equtiipment or the skin and nasoplharynx of lhospitatl personnel. From
this exposure some patients will (levelop skin, mtucous membrane or intestinal
colonization witlh these b)acteria(9, 12-15). Those patients witlh lowered host
defense meclhanisms, witlh open wounds or wlho lhave undergone surgical mani-
pulation may then dlevelop clinical infection witlh these organisms by "auto-
inocculation"(3,9, 16).
The purpose of the present sttudy was to evaltuate stetlhoscopes uised by hospital

personnel as a potential source of pathogenic bacteria wlhiclh might be respon-
sible for bacterial spreacl to, anid colonization of, lhospital patients.

1 Aided by granits A106308 and( A100271, and Special Fellowship 1 F03 A153886-01, from the
United States Public Hcalth Service.

2 Reprint requests should be addressed to Dr. Mangi.
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METHODS

The sttucly was designed to sample the bacterial flora present on stethoscopes
of variouLs groUps of lhospital personnel, wlhich miglht be easily inoculated onto
the skin of a patient during routine physical examinations or blood pressure
measurements. All personnel participating in the study were working at the
Yale-New Haven Hospital, a large tuniversity medical center.

lTen stetlhoscopes from eaclh of the following groups were sampled: (1) medical
interns, (2) medical resicdents or clinical fellows, (3) faculty actively engaged in
patient care, (4) nutrses stationed in the medlical andl surgical intensive care units,
and (5) nturses working on the medical service war(ls. Eaclh stethoscope was sam-
pledl oince at a randlom time at least 10 min after its last use. In addition, 10
stetlhoscopes of mnedtical interns and residlents were swabbed once with a com-
mercial 70%,O isopropyl alcolhol sponge (Prep Swab3), allowed to (try and tllen
sampledl.
The diapliragm and(l bell sections of eaclh stethoscope were pressed firmly one

time onto a 10loo0( agar plate. The 1)lood agar plates were then incubated aero-
bically at 370C for 48 lhr. The bacterial colonies were then counted and repre-
sentative samnples of each (lifferent type of colony present were subcultured and
identifie(l accorcling to the sclheme of Scliauib, Foley, Scott and Bailey. Anti-
biotic sensitivity to penicillin was (leterminecl on all patlhogenic Staphylococcal
isolates by the single-(lisk metlhodl.

RESULTS

One hUn(dred and( twenty-five (lifferenit organisms were isolated from 50 dif-
ferent stethoscopes (TFable 1). Fifteen of these organisms (S. aiir cis and gram-
negative bacilli) were classified as potential pathogens.
At least one bacterial species was culttured from 49 of the 50 stetlhoscopes

sampledt. Thliirteen of 50 stetlioscopes (26%f) were contaminated with at least
one potentiall patlhogen.
The number of colonies present seeme(l to vary with the duties of tlle owner

of the stethoscope and were hiiglhest in the intern group, intermediate in the
resiclent and( faculty groutl) and lowest in the two nutrse groups.
The 10 stetlhoscopes swabbed witlh 70%! alcohol yielded only tlhree different

organisimis, had a significantly lower colony COUIlt (0.8 vs 47.7/stetlhoscope), and
containe(l no patlhogenic bacteria (Tlable 2).

DISCUSSION

Nosocomial infections are a significant problem in every lhospital and consti-
tute a major threat to certain categories of patients. While postoperative
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patienits traditionally lhave the hiiglhest infection rate, recipients of organ trans-
plants and patients receiving clhemotlherapy are at an even greater risk(17-20).

Thlie etiology of these infections appears to be a combination of lowered host
resistanice to infection, overzealous use of broad spectrtum antiliotics, surgical
maniiptulation aii(l patient exposure to viruleint strains of patlhogenic baterial(9,12,
14,17,21,22).
Epidemiologic investigation of this problem lhas focuised on the manner of

sprea(l of patlhogenic bacteria in the hiospital and the mode of subsequent devel-
opment of clinically significant infection. There are reports of sprea(l of infec-
tioIn by nasal carriers, (lirty hands(23,24), inlhalation tlherapy equipment(25,26),
intravenous catlheters(27,28), and contaminiated intravenious solutions(29). Once
infected witli patlhogenic bacteria, hiost defense meclhanisms appear important
in the suLbsequent developmenit of colonization or disease(6,13,14,18,22). A large
percentage of patients become asymptomatic carriers of potential patlhogens,

TABLE 1
ORG(ANISMS ISOLATED FROM 50 STETHOSCOPES

Nonipathiogenls (130)a Poteistial pathogenis (15)

Staphylococcuis epiderm idis 103 Staphylococcuis awueu,sb 6
Diphtlheroi(d species 10 Escherichia coli 2
Bacillu.s species 9 Erwiniia 1
Alpha Streptococcus 5 Ser-ratia 1
Molds 2 Klebsiell(a 1
Streptomycetes 1 Proteuzs iulgaris 1

Enterobacter A 1
Enterobacter B 1
Pseuidottionzas aerugiunosa I

a Nonpathogenis-may be pathogeniic in an immunosuppressed host.
bStaphlylococcuts au111ecus-all isolates penicillin resistanit.

TABLE 2
BACTERIA ISOLATED FROM DIFFERENT GROUPS OF HOSPITAL PERSONNEL

Stethoscopes
Resi- swvabbed(
(lents ICU WVardI with 70%

Internis fellowvs Faculty nurses inurses Total alcohol

Stetlioscopes with bacteria
Stethoscopes sampled 10 /10 10/10 10/10 9/10 10/10 49/50 3/10

StethoFcopes wvith potenitial
pathogenic bacteria

Stethoscopes sampled 2/10 5/10 1/10 3/10 2/10 13/500 0/10
Average coloniesb

Stethoscope 81 55 64 19 19 48 0.8
Different bacteriac
Stethoscope 2.8 3.3 3.3 2.9 2.2 2.9 0.3

a Two stethoscopes contained two different potential pathogenic organisms.
b Ranige (0-200) colonies/stethoscope.
c Range (1-6) different organisms/stethoscope.
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witli colonization of the skin, mucous membranes, or the gastrointestinal tract(9,
12). This fact assutmes significance in view of the observation that the majority
of nosocomial infections arise from organisnis with whiclh the patient is already
colonized(9,15). Thus, contact with patlhogenic bacteria may lead to an asympto-
matic carrier state whiclh, in turn, may lead to later clinical infection or may
perpetuate the large host reservoir of pathogenic bacteria whiclh contributes to
infection of other patients and( contamination of hospital equipment.
This re)ort focuses on a previously unrecognizecl source of spread of patlho-

genic lbacteria anl, tlhrouogh the mechanisms outlinied above, a potential cause
of clinically significant nosocomial infectioins.4
The finding that about one quLarter of hospital stethoscopes are contaminiated

witli eitlher penicillin-resistant S. aitreis or gram-negative coliform bacteria, indi-
cate(l that almost every patient wlho is examined claily by a few different physi-
cians and nurses will be exposed to these organisms. The percentage of patielnts
tlhus colonized with these bacteria is, at this time, impossible to estimate, but is
probably significant.
The significant decline in bacterial coloiny count following simple swabbinig

of the headl of a stethoscope witlh 70%/o alcohol indicates a solution to this
potential (langer. It is interesting to note that of the 60 plhysicians and nurses
wlho participated in this study, only three had ever cleaned their stethoscopes,
and none did so routinely before or after eacch patient examination. Sucli pro-
cedture shoul(d probably be routine for at least certain patients of high risk,
suclh as those undergoing surgery or those on hemodialysis, and those receiving
immunosulppressive or cytotoxic chemotlherapy.

REFERENCES

1. Kislak, J. WNT., Eickhoff, T. C., and Finilanid, M., Hospital acquired inifectionis anid anitibiotic
usage in the Bostoni City Hospital, Janiuary 1964. N. Engl. J. Med. 271, 834-838 (1964).

2. McNamara, M. J., Hill, M. C., Balowvs, A., et al., A study of bacteriologic patterns of hospital
infectionis. Atntn. Intern. Mlled. 66, 480-488 (1967).

3. Barrett, F. F., Casey, J. I., and(l Finland, M., Infections anid antibiotic ttse among patienits at
Bostoni City Hospital, February 1967. NA. Engl. J. Med. 278, 5-9 (1968)

4. Thoburni, R., Fekety, R. F., Cluff, L. E., et al., Infectionis acquired by hospitalized paticnts.
Arch. Intern. Mlled. 121, 1-10 (1968).

5. Eickhoff, T. C., Brachmani, P. S., Benniett, J. V., et al., Surveillatnce of nosocomial inifectionis
in commulnity lhospitals. I. SSurveillanice metho(ds, effectiveniess, and(l iniitial resuilts. J. Infect.
Dis. 120, 305-317 (1969).

6. Feinigold, D. S., Hospital acquired infections. N. Etngl. J. Med. 283, 1384-1391 (1970).
7. Ficrer, J., Taylor, P. M., anid Gezon, H. M., Pseuidottionas aertuginosa epidemic traced to (le-

livery room resuscitationis. A. Engl. J. Mled. 276, 991-996 (1967).
8. Kessner-, 1). M., aIl(l Lepper, M. H., Epidlemiologic studies of gram-niegative bacilli ini the

hospital and(I commtitnity. Amer. J. Epidem. 85, 45-60 (1967).
9. Winterbauer, R. H., Tur-ck, M., anid Petersdorf, R. G., Stutdies oln the epidemiology or

Escher-ichia coli inifectiouis. V. Factors iniflucncinig acquisitiotn of specific serologic groups.
J. Clitn. Inivest. 46, 21-28 (1967).

Since the completiotn of this study, a similar report has been published(30).



604 MANGI and ANDRIOLE

10. Quick, C. A., anrd Brogan, T. D., Gram-negative rods and surgical wound infections. Lancet
1, 1163-1167 (1968).

11. Gardner, P., Griffin, W. B., Swartz, M. N., et al., Nonfermentative gram-negative bacilli of
nosocomial interest. Amer. J. AMed. 48, 735-749 (1970).

12. Selden, R., Lee, S., Wang, W. L. L., et al., Nosocomial Klebsiella infections: Intestinal coloni-
zation as a reservoir. Atnn. Intern. AMed. 74, 657-664 (1971).

13. Stratford, B., Callus, A. S., Matthiesson, A. M., et al., Alteration of superficial bacterial flora
in severely ill patienits. Lancet 1, 68 (1968).

14. Johanson, WV. C., Pierce, A. K., and Sanford, J. P., Changinig pharyngeal bacterial flora of
hospitalized patients. Emergenice of gram-negative bacilli. N. Engl. J. Med. 281, 1137-1140
(1969).

15. Schimpff, S., Young, 'V. M., V'ermneuleni, G., et al., Acquisition of potential pathogens an(l
subsecltuenit infectioni in patienits with acuite nonilymphocytic leukemia. Clini. Res. 20, No. 3,
537 (1972).

16. Story, P., Proteus inifections in hospital. J. Paliol. Bacte-iol. 68, 55-63 (1957).
17. Miller, S. P., andl Shanbrom, E., Inifectious syndromes of leukemia andl lymphomas. Amer.

J. Aled. Sci. 246, 420-428 (1963).
18. Silver, R. T., Infectionis, fever and host resistanice int neoplastic diseases. J. C/hronic Dis.

16, 677-701 (1963).
19. Rifkind, D., Marchiord, T. L., Waddell. W. R., et al., Infectious cliseases associated with

renal tranisplanitationi. JA MlA 189, 397-407 (1964).
20. Stinson, E. B., Bieber, C. P., Griepp, R. B., et al., Infectious complications after cardiac

transplaintationi its man. Ann. Intern1. Med. 74, 22-36 (1971).
21. Lepper, M. H., Opportunistic gram-niegative rod pulmonary infectionis. Dis. Chest 44, 18-26

(1963).
22. Bodey, G. P., Buckley, M., Sathe, Y. S., et al., Quanititative relationship betwveen circulating

leukocytes anid inifectioni ils patients with acute leukemia. Ann. Intern. Mlled. 64, 328-340
(1966).

23. WNatt, J., WVegmaan, M. F., Browni, 0. AV., et al., Salmonellosis its a premature nursery un-
accompaniied by (liarrheal disease. Pediatrics 22, 689-705 (1958).

24. Salzman, T. C., Clark, J. J., and Klemm, L., Hanid contaminiationi of personllel as a mecha-
nism of cross-infectioni in nosocomial infectionis wvith antibiotic-resistant Escherichia coli
anid Klebsiella-aerobacter. Antim icrob. Agen ts Cheinother. 7, 97-100 (1967).

25. Reinarz, J. A., Pierce, A. K., Mays, B. B., et al., The potential role of inhalation therapy
equipmient in niosocomial pulmonary infection. J. Clin. Inivest. 44, 831-839 (1965).

26. Rinigrose, R. E., MIcKowvn, B., Feltoti, F. C., et al., A hospital outbreak of Serratia mar-
cescens associate(l with ultrasonic niebulizers. Ann. Intern1. Med. 69, 719-729 (1968).

27. Morgan, J. M., Atvood, R. P., and Rowe, M. I., A cliinical anid bacteriologic study of infec-
tiolls associated with venIoUs cutdowns. N. Etngl. J. Med. 272, 554-560 (1965).

28. Collins, R. N., Braun, P. A., Zinnier, S. H., et al., Risk of local and systemic infection with
polyethylene intravenous catheters. N. Engl. J. AMed 279, 340-343 (1968).

29. Duma, R. J., Warner, J. F., and Dalton, H. P., Septicemia from intravenous infusionls. N.
Engl. J. AIed 284, 257-260 (1971).

30. Gerkent, A., Cavanagh, S., and XVinnier, H. I., Infectioni hazar(d froni stethoscopes in hospital.
Latncet 1, 1214-1215 (1972).


