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Background: Chlorhexidine is better than povidone-
iodine for care of catheter sites, but it is not known
whether chlorhexidine is superior in reducing blood cul-
ture contamination.

Objective: To determine whether alcoholic chlorhexidine
is a more effective skin antiseptic for collection of blood
cultures than aqueous povidone-iodine.

Design: Randomized, controlled trial.

Setting: Three adult intensive care units in a French uni-
versity hospital.

Patients: 403 adults who had at least one blood culture
drawn through a peripheral vein.

Interventions: Patients were randomly assigned to re-
ceive skin preparation with an aqueous solution of 10%
povidone-iodine or an alcoholic solution of 0.5% chlor-
hexidine before phlebotomy.

Measurements: Contamination rates of blood cultures.

Results: Of 2041 blood cultures collected in 403 patients,
124 yielded pathogens. Chlorhexidine reduced the inci-
dence of blood culture contamination more than povi-
done-iodine (14 of 1019 cultures [1.4%] compared with 34
of 1022 cultures [3.3%]; odds ratio, 0.40 [95% CI, 0.21 to
0.75]; P 5 0.004).

Conclusion: Skin preparation with alcoholic chlorhexi-
dine is more efficacious than skin preparation with aque-
ous povidone-iodine in reducing contamination of blood
cultures.
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Contamination of blood cultures is common be-
cause microflora are usually present on the

skin. The misinformation that results from contam-
ination of blood cultures may have deleterious con-
sequences. Therefore, it is important that blood cul-
tures be collected by using a procedure that
minimizes contamination (1). In general, prepara-
tion of the skin with one or more antiseptic agents
should permit satisfactory antisepsis, provided that a
suitable period (0.5 to 2 minutes) is allowed for the
antiseptic to take effect (2). In many hospitals, how-
ever, the personnel collecting blood cultures do not
carefully follow the recommended procedures, lead-
ing to an excessively high rate of blood culture
contamination. This is especially true in the inten-
sive care unit, possibly because of the high workload
of nurses (2).

A recent trial comparing povidone-iodine and io-
dine tincture antiseptics showed a substantially
lower rate of blood culture contamination with use
of iodine tincture; this finding was related to the
fact that iodine tincture acts faster than povidone-
iodine (1). However, use of iodine tincture in the
intensive care unit is limited because repeated ex-
posure to high concentrations of iodine can be toxic
(3). Alternately, chlorhexidine has been found to be
superior to povidone-iodine and alcohol when it is
used for catheter care (3–5), but its value in pre-
venting blood culture contamination remains un-
known.

We assumed that the decreased effectiveness of
aqueous 10% povidone-iodine in previous studies
could be related to the time required to achieve
skin antisepsis with this agent. We examined
whether the use of alcoholic chlorhexidine de-
creased the rate of blood culture contamination in
hospitals in which personnel did not consistently
allow antiseptics to act for the recommended time
period before collection.

Methods

Patients

The study was conducted between 1 December
1997 and 24 April 1998 in three adult intensive care
units (medical, surgical, and neurosurgical) at Hôpital
Bicêtre, a 1000-bed teaching hospital in France.
All adult patients without apparent skin infection
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who had blood cultures drawn through a peripheral
vein were eligible for the study. Because we com-
pared two well-accepted interventions, institutional
review board approval was not sought, in accor-
dance with the policy at our institution.

Study Design

We assigned patients to one of two groups ac-
cording to type of antiseptic solution used for skin
preparation before blood culture. Computerized
randomization lists were generated in blocks of four
and were stratified by unit of hospitalization. We
used an alcoholic solution of 0.5% chlorhexidine
gluconate (Hibitane Champ, Zeneca Pharma, Cergy,
France) or an aqueous solution of 10% povidone-
iodine (Bétadine, Asta Medica, Marignane, France).

Skin antisepsis was done by vigorously applying
the assigned antiseptic solution once. Blood was
obtained 15 to 30 seconds after the application. The
20-mL blood samples, which the nurses collected
according to a previously determined procedure
(dictated by the hospital), were inoculated simulta-
neously into aerobic and anaerobic vials of blood
culture media (Vital, bioMérieux, Marçy-l’Etoile,
France). Blood cultures were incubated at 37 °C and
were monitored for 5 days. Isolated organisms and
their susceptibilities to antibiotics were determined
by using standard methods and criteria.

Evaluation of Efficacy

The primary end point was the number of blood
cultures considered to be contaminated. Two inde-
pendent reviewers who were blinded to the patients’
study group assignment classified each blood culture
isolate as a contaminant or a true pathogen. Con-
taminant isolates were defined as isolates of several
organisms—coagulase-negative staphylococci, Propi-
onibacterium acnes, Streptococcus viridans, Coryne-
bacterium species (excluding group JK), Micrococcus
species, or Bacillus species—that were obtained
from one set of blood cultures and an identical
organism (that is, an organism of the same species
with the same antibiotic susceptibility and the same
pulsed-field gel electrophoresis pattern [6]) that was
not obtained from another potentially infected site
(for example, blood culture, catheter tip, or urine) 5
days before or 5 days after blood culture collection.
In all other cases, blood culture isolates were con-
sidered to be true pathogens.

We defined positive blood culture as a positive
bacterial culture obtained from any aerobic or an-
aerobic vials; such a culture was considered to be
contaminated when it yielded a contaminant and
was considered to be truly positive when it yielded a
true pathogen. In cases of polymicrobic cultures, the
positive blood culture was considered to be a single
contaminated or truly bacteremic culture when all

bacteria were interpreted as contaminants or true
pathogens. A positive blood culture was considered
to be a single concomitantly contaminated and truly
bacteremic culture when some isolates were inter-
preted as contaminants and others were interpreted
as true pathogens.

Statistical Analysis

Our study was designed to determine whether
skin preparation with alcoholic chlorhexidine re-
duced the risk for blood culture contamination. We
computed the sample size necessary to detect a
twofold decrease in the incidence of contaminated
blood cultures. We assumed that the incidence of
contaminated blood cultures in the povidone-iodine
group would be 5%; therefore, 1900 blood cultures
would be required to detect a difference of this
magnitude (power, 0.8; type I error, 5%).

Statistical analysis (odds ratio estimation) was
performed by using generalized estimating equations
that took into account a possible clustering effect of
multiple cultures by patient (PROC GENMOD,
SAS software, version 6.12, SAS Institute, Inc.,
Cary, North Carolina). All tests were two-tailed. A
P value of 0.05 or less was considered statistically
significant.

Role of the Funding Source

The funding agencies (Zeneca Pharma and Uni-
versité Paris XI [UPRES JE 2227]) were not in-
volved in the design, conduct, or reporting of this
study or in the decision to submit the manuscript
for publication.

Results

A total of 2041 blood cultures were collected in
403 patients. The two study groups were similar
with regard to distribution among the three inten-
sive care units (Table 1). Of these 2041 cultures,
124 yielded pathogens and were interpreted as con-
taminated (45 cultures), truly positive (76 cultures),
or concomitantly contaminated and truly positive (3

Table 1. Distribution of Patients and Blood Cultures
among the Three Intensive Care Units*

Intensive
Care Unit

Povidone-Iodine Group Chlorhexidine Group

Patients Blood
Cultures

Patients Blood
Cultures

4OOOOOOOOOOOnOOOOOOOOOOO3

Medical 102 307 101 310
Surgical 138 473 133 470
Neurosurgical 78 242 76 239

*Some patients were included in the povidone-iodine group and in the chlorhexidine
group.
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cultures). Chlorhexidine significantly reduced the
rate of blood culture contamination compared with
povidone-iodine (14 of 1019 cultures [1.4%] com-
pared with 34 of 1022 cultures [3.3%]; odds ratio,
0.40 [95% CI, 0.21 to 0.75]; P 5 0.004). The chlor-
hexidine group and the povidone-iodine group were
similar with regard to incidence of true bacteremias
(43 of 1019 cultures [4.2%] compared with 36 of
1022 cultures [3.5%]; odds ratio, 1.09 [CI, 0.79 to
1.51]; P . 0.2) and sterile blood cultures (963 of
1019 cultures [94.5%] compared with 954 of 1022
cultures [93.3%]; odds ratio, 1.28 [CI, 0.93 to 1.75];
P 5 0.13). Coagulase-negative staphylococci were
the main organisms recovered, accounting for about
98% of contaminants and 22% of true pathogens
(Table 2).

Discussion

Contamination of blood cultures considerably in-
creases the cost of patient care, particularly labora-
tory and pharmacy expenses, and prolongs hospital
stay (7–9). Lack of good skin preparation is the
most common cause of contaminants in blood cul-
tures (7). Povidone-iodine solutions have greater in
vitro microbicidal activity than chlorhexidine solu-
tions (10). However, in a randomized trial compar-
ing 10% povidone-iodine, 2% aqueous chlorhexi-
dine, and 70% isopropyl alcohol applied once for
the prevention of infection associated with central
venous and arterial catheters, substantially fewer in-
fections occurred with chlorhexidine (3). The supe-
riority of chlorhexidine over povidone-iodine for
skin antisepsis in preventing catheter infection, even
when the antiseptics were applied serially, was con-
firmed (4, 5). Chlorhexidine is a potent, broad-spec-
trum germicide that is effective against all nosoco-
mial pathogens (3). Primary bacterial resistance to
chlorhexidine is rare (11), and acquired resistance is
detected only when diluted aqueous solutions are

used (12). In addition, although blood, fat, and
other protein-rich biomaterials of the skin surface
neutralize the germicidal activity of iodine-contain-
ing disinfectants, proteinaceous solutions have little
effect on the antibacterial activity of chlorhexidine
(13). Finally, the in vivo bactericidal effect of chlor-
hexidine on gram-positive cocci is dramatically im-
proved by the addition of alcohol and is superior to
that of aqueous povidone-iodine (14–16).

Coagulase-negative staphylococci are the organ-
isms most frequently found in normal skin flora and
are also predominant among contaminants (17). Such
gram-positive organisms tend to be resistant to mul-
tiple drugs and often remain susceptible only to
glycopeptides. In critically ill patients who are pre-
disposed to nosocomial infections, reflexive use of
vancomycin after reports of gram-positive cocci in
blood cultures is common, even when contamina-
tion is recognized (17). In an era of emerging
vancomycin-resistant enterococci (18) and, more
recently, vancomycin-intermediate Staphylococcus
aureus (19), prudent use of vancomycin is necessary
to limit the spread of vancomycin-resistant gram-
positive cocci (20).

Our trial has several limitations. The two anti-
septics were different colors; this lack of blinding
may have introduced bias. However, because these
antiseptics were widely used in the three intensive
care units before our study began, we do not believe
that the nurses who obtained the cultures knew that
one solution was more effective than the other. The
relatively short period between application of the
antiseptic and performance of the venipuncture may
have been another source of bias. Although this
practice is common in many institutions, it could
have biased the results in favor of alcoholic chlor-
hexidine because it takes several minutes for aque-
ous povidone-iodine to provide its maximum anti-
septic effect. Finally, the judgment of which isolates
were considered to be contaminants may have bi-

Table 2. Microorganisms That Were Recovered and Classified as Contaminants or as True Pathogens

Microorganism Povidone-Iodine Group Chlorhexidine Group

Contaminants
(Patients)

True Pathogens
(Patients)

Contaminants
(Patients)

True Pathogens
(Patients)

4OOOOOOOOOOOOOOOOOOOOOn (n)OOOOOOOOOOOOOOOOOOOOO3

Coagulase-negative staphylococci 36 (33) 10 (6) 16 (14) 6 (4)
Staphylococcus aureus 0 7 (4) 0 9 (5)
Streptococcus species 0 7 (4) 1 (1) 6 (3)
Enterococcus faecalis 0 1 (1) 0 1 (1)
Escherichia coli 0 3 (2) 0 6 (4)
Klebsiella pneumoniae 0 1 (1) 0 4 (2)
Pseudomonas aeruginosa 0 3 (2) 0 3 (2)
Acinetobacter baumannii 0 1 (1) 0 1 (1)
Anaerobic organisms 0 0 0 1 (1)
Actinobacillus species 0 2 (1) 0 4 (1)
Candida species 0 2 (2) 0 2 (1)
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ased our results, but our explicit definition of con-
taminant reduced this risk substantially.

Our data suggest that alcoholic chlorhexidine as
skin antisepsis is more effective than aqueous povi-
done-iodine in reducing the incidence of blood cul-
ture contamination. Further study will probably
show that the resulting lower contamination rates
lead to cost savings.
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Bicêtre Cedex, France.
Dr. Falissard: INSERM-U472, Hôpital Paul Brousse, 16 avenue
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Bicêtre Cedex, France.

References

1. Strand CL, Wajsbort RR, Sturmann K. Effect of iodophor vs iodine tincture
skin preparation on blood culture contamination rate. JAMA. 1993;269:1004-6.

2. Widmer AF. Infection control and prevention strategies in the ICU. Intensive
Care Med. 1994;20(Suppl 4):7-11.

3. Maki DG, Ringer M, Alvarado CJ. Prospective randomised trial of povi-
done-iodine, alcohol, and chlorhexidine for prevention of infection associated
with central venous and arterial catheters. Lancet. 1991;338:339-43.

4. Mimoz O, Pieroni L, Lawrence C, Edouard A, Costa Y, Samii K, et al.
Prospective, randomized trial of two antiseptic solutions for prevention of
central venous or arterial catheter colonization and infection in intensive care
unit patients. Crit Care Med. 1996;24:1818-23.

5. Garland JS, Buck RK, Maloney P, Durkin DM, Toth-Lloyd S, Duffy M, et
al. Comparison of 10% povidone-iodine and 0.5% chlorhexidine gluconate
for the prevention of peripheral intravenous catheter colonization in neo-
nates: a prospective trial. Pediatr Infect Dis J. 1995;14:510-6.

6. Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing
DH, et al. Interpreting chromosomal DNA restriction patterns produced by
pulsed-field gel electrophoresis: criteria for bacterial strain typing. J Clin Mi-
crobiol. 1995;33:2233-9.

7. Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource
utilization. The true consequences of false-positive results. JAMA. 1991;265:
365-9.

8. Bates DW, Cook EF, Goldman L, Lee TH. Predicting bacteremia in hospi-
talized patients. A prospectively validated model. Ann Intern Med. 1990;113:
495-500.

9. Dunagan WC, Woodward RS, Medoff G, Gray JL 3d, Casabar E, Smith
MD, et al. Antimicrobial misuse in patients with positive blood cultures. Am J
Med. 1989;87:253-9.

10. Kunisada T, Yamada K, Oda S, Hara O. Investigation on the efficacy of
povidone-iodine against antiseptic-resistant species. Dermatology. 1997;
195(Suppl 2):14-8.

11. Aly R, Maibach HI. Effect of antimicrobial soap containing chlorhexidine on
the microbial flora of skin. Appl Environ Microbiol. 1976;31:931-5.

12. Stickler DJ, Thomas B, Clayton CL, Chawla JC. Studies of the genetic
basis of chlorhexidine resistance. Br J Clin Pract. 1983;25:23-30.

13. Lowbury EJ, Lilly HA. The effect of blood on disinfection of surgeons’
hands. Br J Surg. 1974;61:19-21.

14. Champagne S, Fussell S, Scheifele D. Evaluation of skin antisepsis prior to
blood culture in neonates. Infect Control. 1984;5:489-91.

15. Sakuragi T, Yanagisawa K, Dan K. Bactericidal activity of skin disinfectants
on methicillin-resistant Staphylococcus aureus. Anesth Analg. 1995;81:555-8.

16. Sato S, Sakuragi T, Dan K. Human skin flora as a potential source of
epidural abscess. Anesthesiology. 1996;85:1276-82.

17. Souvenir D, Anderson DE Jr, Palpant S, Mroch H, Askin S, Anderson
J et al. Blood cultures positive for coagulase-negative staphylococci: antisep-
sis, pseudobacteremia, and therapy of patients. J Clin Microbiol. 1998;36:
1923-6.

18. Baquero F. Gram-positive resistance: challenge for the development of new
antibiotics. J Antimicrob Chemother. 1997;39(Suppl A):1-6.

19. Smith TL, Pearson ML, Wilcox KR, Cruz C, Lancaster MV, Robinson-
Dunn B, et al. Emergence of vancomycin resistance in Staphylococcus au-
reus. Glycopeptide-Intermediate Staphylococcus aureus Working Group.
N Engl J Med. 1999;340:493-501.

20. Recommendations for preventing the spread of vancomycin resistance. Hos-
pital Infection Control Practices Advisory Committee (HIPAC). Infect Control
Hosp Epidemiol. 1995;16:105-13.

© 1999 American College of Physicians–American Society of Internal
Medicine

7 December 1999 • Annals of Internal Medicine • Volume 131 • Number 11 837


