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At our Mother's Knee

Contamination of blood cultures during venepuncture:
fact or myth?
Eyal Shahar, Bat-Sheva Wohl-Gottesman and Louis Shenkman

Department ofMedicine 'C', Meir General Hospital, Sapir Medical Center, Kfar-Saba, and the
Department ofMedicine, the Sackler School ofMedicine, Tel-Aviv University, Tel-Aviv, Israel

Summary: Contamination of blood cultures is believed to occur mainly during the venepuncture
procedure. Consequently, meticulous preparation of the venepuncture site is widely recommended. To
determine whether the contamination rate is indeed affected by the quality of the antiseptic procedure at
the venepuncture site, 181 paired cultures were collected from 176 patients during a 6-month period after
either strict antiseptic cleansing of skin with alcohol followed by povidone-iodine, or after brief
disinfection with alcohol alone.
The contamination rate was not influenced by the antiseptic procedure, and corresponded to the

accepted percentage reported in most other studies. Eight false positive cultures (4.4%) were obtained
after strict antisepsis of the skin and 6 (3.3%) after short simple cleansing with alcohol (P = 0.39). Our
results suggest that contamination of blood cultures may not be related to the venepuncture procedure -
regardless of the antiseptic technique used - but may be due to later stages of laboratory handling and
processing of the specimens. Review of the literature has provided further indirect evidence to support this
conclusion.

Introduction

Between 2% to 5% of all blood cultures'-3 and at
least 25% of positive ones' are eventually desig-
nated as falsely positive, representing contamina-
tion rather than true bacteraemia. Because fre-
quently recovered contaminants - such as
coagulase-negative staphylococci or Bacillus species
- are also capable of causing life-threatening
infections,4-7 it is often difficult to decide whether
a positive blood culture is clinically important
or represents pseudobacteraemia. Occasionally,
a cluster of pseudobacteraemias may even cause
a pseudoepidemic of nosocomial infection.8'9
Therefore, continuous efforts are being made to
reduce the false positive rate of blood cultures.
Contamination of blood cultures may occur

during any stage of the process,9 from manufactur-
ing the media'1 through laboratory handling and
processing of the specimens.1-'4 Nevertheless, it is
widely believed that the majority ofcontamination
occurs during the venepuncture procedure.5-17
The common explanation suggests that insertion of
the needle through poorly disinfected skin causes
contamination of the needle edge by indigenous

microbial flora, which is inoculated thereafter into
the syringe while blood is withdrawn. Conse-
quently, standard textbooks,'8 clinical micro-
biology manuals,6'"9 and several review articles3"'5'7
recommend strict antiseptic preparation of the
venepuncture site prior to obtaining blood cul-
tures. These recommendations have become a
routine practice of house officers and venepuncture
teams.

Surprisingly, after careful search of the litera-
ture, we could find little scientific evidence to verify
this long-standing belief. The following prospective
study was undertaken to determine whether the
contamination rate of blood cultures is indeed
affected by the quality of the antiseptic procedure
at the venepuncture site.

Methods

During a 6-month period all blood cultures ordered
by attending physicians in our internal medicine
ward were obtained by the house officers according
to the following protocol. As recently recom-
mended,3 two blood samples were collected from
patients suspected to have septicaemia, usually
several hours apart. Occasionally, when infective
endocarditis was a likely diagnosis, four samples
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were collected. Blood samples were drawn from
antecubital veins using 21-gauge needles and dis-
posable syringes. From each patient, the two
samples were collected, handled and processed in
an identical manner except for venepuncture site
preparation. All blood cultures included in this
study were obtained before administration of
antibiotic therapy or at least 48 hours after discon-
tinuation of such treatment.
One blood culture was obtained after strict

antiseptic cleansing, recommended by most
authors.3'5-'9 This consisted of application of70%
alcohol for one minute followed by application of
povidone-iodine solution (1% available iodine) for
an additional minute. The latter was carried out
using a sterile applicator in a concentric manner.

Thereafter, a venepuncture was performed without
palpating the vein again.
The other blood culture was collected after

'routine' preparation of the venepuncture site
similar to skin disinfection performed for any other
blood sampling. The skin was cleansed briefly by
swabbing 3 to 5 times with 70% alcohol, and
venepuncture was performed within 5 to 10
seconds thereafter. Whenever four blood cultures
were obtained, two were collected by each pro-
cedure.

In each venepuncture 6 to 10 ml of blood were
drawn into a 10-ml disposable syringe. After
replacing the needle and swabbing the rubber
stoppers ofblood culture bottles with 70% alcohol,
equal volumes of the sample were inoculated at the
bedside into an aerobic BACTEC 6B bottle and an
anaerobic BACTEC 7D bottle (Johnston Labora-
tories, Towson, Maryland). All blood cultures
underwent standard incubation and processing in
the Department of Clinical Microbiology of our

hospital, using a BACTEC 460 radiometric
analyser (Johnston Laboratories).20 Unless
specifically requested, blood cultures were

incubated for 7 days, and declared negative if no
growth was detected by then.
A blood culture was considered positive if an

organism was isolated from a single venepuncture
in either or both media. The definition of false
positive results was based on clinical judgement,
following previously described guidelines.21'2 In
order to avoid any possible bias, the Clinical
Microbiology department was not notified of the
ongoing study until its completion.

Statistical analysis included comparing propor-
tions by the McNemar's test with a correction for
continuity. Student's t-test for unpaired samples
was used to compare means.

Results

During the 6-month study period, blood cultures
were obtained from 176 patients. Two blood
cultures were collected from each of 171 patients,
and 4 cultures were obtained from the remaining
five. In all, 362 blood cultures were collected, half
after strict antiseptic cleansing of the venepuncture
site (alcohol followed by povidone-iodine) and half
after routine swabbing with alcohol.

Twenty-six of the 362 cultures (7.2%) were

positive, of which 12 (3.3%) were considered to be
true positive cultures, while 14 (3.9%) were judged
to be contaminated. Of note, isolates judged to be
contaminants were detected by the laboratory after
a longer period of incubation (mean 6.2 days; s.d.
2.9) as compared with true pathogens (mean 3.5
days; s.d. 0.6) (P < 0.001).

Table I depicts the distribution of the con-
taminants between the two methods of skin
preparation, and the organisms recovered. The
contamination rate was similar in both groups: 8
false positive cultures (4.4%) were reported after
strict antiseptic cleansing, and 6 (3.3%) after

Table I Distribution of blood culture contaminants according to method
of skin preparation

No. of cultures (%)
Strict antisepsis* Routine preparation*

Organism (n = 181) (n = 181) P value

Staphylococcus 2 2
epidermidis

Bacillus species 4 3
a-Streptococcus 1
Enterobacter 1
Diphtheroid 1

Total 8 (4.4) 6 (3.3) NSt

*Strict antisepsis = alcohol followed by povidone-iodine; Routine
preparation = alcohol swabbing (see text for details). tNS denotes not
significant.
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routine cleansing with alcohol (P = 0.39; not
significant).

Table II and Table III present the data on the
isolation pattern ofcontaminants and true positive
blood cultures, respectively, according to the cul-
ture media. While all of the true pathogens were
isolated in both media, most contaminants were
isolated either in aerobic or anaerobic culture
media, but not in both.

Discussion

Our data failed to show any effect of the antiseptic
procedure at the venepuncture site on the false
positive rate of blood cultures. Careful skin
antisepsis did not reduce the expected contamina-
tion rate, while 'careless' disinfection did not
increase it. There may be two alternative inter-
pretations for this finding: either that both antisep-
tic protocols used in this study were ofcomparable
quality or that the contamination was not
associated at all with the venepuncture act.

There have been numerous reports on the quality
of different disinfectants, of which iodine solutions
are well-established preparations.23 Sequential or
combined application of alcohol and iodine, with
proper contact time with the skin, has been recom-

mended by most authors,3'15-'9 and has been
proven to be highly efficient.24-26 Although 70%
alcohol alone is a commonly used skin antiseptic, it
has been questioned whether its application for a
few seconds, as performed in everyday practice, has
any important value at all.2 Sterilization is not
achieved instantly and adequate contact time is
especially crucial with volatile products.28
Moreover, complete eradication of skin bacteria
does not occur even after application of alcohol for
longer periods of time.2930 Thus, we cannot attri-
bute our results to similar qualities of the antiseptic
procedures. Furthermore, if both a highly sterile
skin preparation and a questionable antiseptic
technique yield similar false positive rates, one
should conclude that the contamination was not
associated at all with the venepuncture procedure.
Our conclusion seems to contradict a long-

standing, yet unproven belief shared by both
physicians and clinical microbiologists. However,
review of the literature on blood cultures revealed
indirect evidence to support this conclusion.

Several independent studies,3"-37 designed to
compare the efficacy of different blood culture
media, provide the first line ofevidence. All ofthese
investigations have shared similar methodology:
each blood sample, obtained by one venepuncture,
was divided between two different blood culture

Table II Isolation pattern of contaminants according to culture media

No. of cultures
Aerobic media Anaerobic media Both

Organism only only media

Staphylococcus 2 2
epidermidis

Bacillus species 3 2 2*
a-Streptococcus 1 - -

Enterobacter - -

Diphtheroid I -

Total 7 5 2

*Isolates were recovered after more than 3 weeks of incubation.

Table III Isolation pattern of true positive cultures according to
culture media

No. of cultures
Aerobic Anaerobic Both Clinical

Organism only only media diagnosis
E. coli - - 4* Urosepsis
T-Streptococcus - - 4t Endocarditis
Enterococcus - - 2 Urosepsis
Klebsiella - - 2 Urosepsis
Total - - 12

*From two patients. tAll isolates were recovered from one patient.
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media. Careful observation of the reported results
of these trials reveals a consistent trend: while
classical pathogenic bacteria, representing true
bacteraemias, were usually recovered from both
media, classical contaminants, in most instances,
were recovered from either one or the other of the
two tested media. A similar pattern is apparent in
another study38 which compared bedside inocula-
tion of half a blood sample versus in-laboratory
inoculation ofthe other half, and in a recent study39
designed to compare the Signal system for the
detection of bacteraemias with the conventional
one. Again, true pathogens were recovered in both
halves of a sample, while contaminants were
usually isolated from only one of the two.

This consistent discrepancy in isolation pattern
is difficult to settle if one assumes contamination to
occur during the venepunctures. Had it been the
case, contaminants - just like true blood-borne
pathogens - would have been present in the syringe
immediately after the venepuncture, and would
have been expected to be inoculated into both
bottles. Alternatively, we suggest that con-
taminants, unlike true pathogens, were not present
in the blood samples shortly after the venepunc-
tures, but were introduced at a later stage into one
inoculated half. Therefore, they were usually
isolated from only one bottle of a simultaneously
inoculated pair.
Our study shows the very same phenomenon:

although we did not use two different commercial
media, each blood sample was divided between
both aerobic and anaerobic culture bottles. The
latter is equally useful for the detection of many
aerobic organisms.540 As our results demonstrate,
all isolates of true bacteraemias were recovered
from both bottles (Table III), while the majority of
contaminants were recovered from only one of a
simultaneously inoculated pair (Table II). Only
twice was a contaminant (Bacillus species) isolated
from the aerobic-anaerobic pair (Table II), and
that occurred in one patient. It seems highly
unlikely to attribute these isolates to coincidental
contamination by the same organisms during two
separate venepunctures after two different antisep-
tic procedures.

Further supporting evidence is derived from a
well-known characteristic of contaminated blood
cultures that perhaps has not received sufficient
attention. Delayed detection of bacterial growth is
far more common for contaminants than for true
pathogens.3 This phenomenon was observed in our
study as well as in others.'32'33 If contamination
occurs during venepuncture, contaminants and
true pathogens are inoculated into blood culture
bottles at the same time and should be detected
after similar incubation intervals. The fact that
contaminants are detected later than true patho-
gens by the microbiology laboratories suggests that

contaminants are introduced at a later stage of the
process.
Could a difference in the inoculum size account

for this discrepancy between true pathogens and
contaminants - namely, large inoculum of true
bacteraemias versus small one of skin contamina-
tion? This explanation should be rejected on two

grounds: first, there is sufficient experimental data
showing that most bacteraemias are oflow order of
magnitude (i.e., few colony-forming units per milli-
litre of blood).4'41 Second, there is no reason to
assume that skin contamination, if it occurs, intro-
duces smaller inoculum. On the contrary, since skin
bacteria are present in colonies29 one would expect
that incomplete disinfection would introduce large
inoculum ofmultiple species. This is rarely the case
in contaminated blood cultures.

Recently, a cohort study of coagulase-negative
staphylococci infection in newborn infants42 has
provided a more direct evidence against the con-
cept of skin contamination as the source of false
positive blood cultures. As part of that study,
blood cultures were collected from infants without
apparent infection. Following skin antisepsis, and
immediately before the venepuncture, a sterile
swab was rolled over the venepuncture site and
inoculated on to a blood agar plate. Although there
were 4.3% of false positive blood cultures and
2.9% of positive skin swabs, in neither case has it
ever occurred in the same patient.

Several methods for the detection of bacterae-
mias have been developed over the years, and it is
evident that the contamination rate is influenced by
the system applied. For example, two newly intro-
duced methods, lysis-centrifugation and lysis-
filtration techniques, are particularly prone to
higher contamination rates.36'41'43 Moreover, it was
shown that shifting from the conventional method
of blind subcultures to the semi-automated
BACTEC system has resulted in decreased con-
tamination by Bacillus species.44

Finally, direct evidence was provided by a study
of 'mock' blood cultures.45 In this study sterile
broth samples were processed by the lysis-
centrifugation method as if they were true blood
cultures. That resulted in overall contamination
rate of 22% (high above the usual percentage),
definitely without any possible contribution of
venepuncture procedure.

In conclusion, our results, supported by addi-
tional evidence, indicate that contamination of
blood cultures is not usually related to the
venepuncture procedure - regardless ofthe antisep-
tic technique used - but may be due to later stages
of laboratory handling and processing of the
specimens. We suggest that routine 'mock' blood
cultures should be performed by departments of
clinical microbiology as a measure of quality
control.
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