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Background: Although many laboratories use auto-
mated blood culture systems, adequate skin dis-
infection and optimal blood volume are still critical for
successful culture. The authors undertook a nation-
wide survey to understand the current situation and
problems of blood culture in Korea.

Methods: A survey of blood culture was performed in
March and April 2010, including disinfectants, blood
collection intervals, and recommended blood volumes.
The laboratory physicians described the storage con-
dition of culture bottles before delivery to the equip-
ment. For quality control, the positive rate and skin
contamination rate were studied.

Results: Replies to the survey were collected from
74 Korean hospitals. Povidone iodine after either iso-
propyl alcohol or ethanol application was the most
common means of skin disinfection. Sampling of a
second set of cultures was performed simultaneously
in 38% of hospitals and after a 30-min interval in

INTRODUCTION

As automated blood culture systems have been established in
many hospitals, it is possible to diagnose bacteremia quickly
and sensitively. In spite of the advances in equipment, however,
skin disinfection, number of cultures, and blood volume are still
critical factors for successful culture [1,2].

The criteria for skin normal flora should be established, and
clinicians should interpret carefully about whether a micro-
organism recovered in blood culture is a true pathogen or a
contaminant. To reduce the isolation of normal skin flora, skin
disinfectants should be adequately used. Various researches

have been performed about the effectiveness of these disin-
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50%. The recommended blood volume was 10 mL in
most cases (69%), but was 20 mL in 24% of cases.
The bottles were stored at 37°C before installation in
23% of cases and at room temperature in 16%,
whereas 57% were placed directly in the equipment
during the night shift. Positive rates ranged 8-10% in
32% of hospitals, 5-8% in 23%, and <5% in 12%.
Skin contamination rates were 2-3% in 32% of hospi-
tals, 1-2% in 27%, and >3% in 13%.

Conclusion: Skin disinfection methods were rather
variable. Sampling interval, blood volume, and stor-
age of bottles should be standardized. More than
10% of the hospitals require quality improvement in
terms of positive rate and skin contamination rates.
(Korean J Clin Microbiol 2011;14:91-96)

Key Words: Sepsis, Bacteremia, Blood culture, Con-
tamination, Disinfection

fectants. Although it was recommended in the past that a second
blood collection be conducted 30 minutes to 1 hour after the
first sampling, the recent guidelines of the Clinical and Labora-
tory Standards Institution (CLSI) recommended that the two
blood collections be taken at the same time on another site
[1,3]. There have been several reports testifying that there is no
significant difference in culture results according to the sam-
pling interval [4,5]. Because sepsis is a serious illness, it would
be better to begin antibiotic therapy promptly after finishing
blood collection, arguing against a gap between the harvesting
of the first and second samples. Moreover, the number of blood
cultures as well as their volume is more important than timing
in enhancing the yield. One set of blood cultures is inadequate;
two or three sets are required in the adulthood [3,6,7]. It is rec-
ommended to take at least 20 mL of blood from one ven-
ipuncture [3,6,8]. A blood culture bottle arriving in the clinical

microbiology laboratory should not be stored in a refrigerator
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but rather be put into the equipment immediately. When the
equipment is not available, the bottle should be stored at room
temperature. If it is stored at 37°C, a false result can be ob-
served due to the growth of bacteria [9]. The rate of positive
cultures and the rate of contamination with skin normal flora are
good indicators of blood culture performance [3,10]. Each labo-
ratory should provide these data every year, and frequent com-
munication with physicians is necessary.

To decrease contamination by skin normal flora and to in-
crease the yield of actual pathogens, continuous quality im-
provement efforts should be made. Against this background, this
study captured the status and problems of blood cultures in

Korea.

MATERIALS AND METHODS
1. Institutions

In February 2010, a questionnaire was distributed through
e-mail to all members of the Korean Society for Laboratory
Medicine. It inquired about the type of medical institution, the
size of the hospital, and the number of blood cultures performed
for 1 year. The answers were collected throughout March and
April.

2. Skin disinfection

The type of skin disinfectants used and the waiting time after
its application were investigated according to patient age group.
The type of disinfectants for the rubber cap of the injection port

of blood culture bottle also was requested.
3. Blood collection

Who collects blood for culture was examined in general
wards, intensive care units, and emergency departments. The
number of blood cultures, the recommended volume of blood,
type of culture bottle used for adults or children, as well as the

sampling interval were surveyed.
4. Detection procedure in clinical microbiology laboratory

Manufacturers of automated blood culture systems used in the
laboratory were described. The storage temperature before in-
stallation into the culture equipment, the method of interim re-
porting when bacteria grow, and the total incubation period was
investigated. The positive rate as well as the contamination rate
of skin normal flora was reported. We did not specify the defi-

nition of positive rate and contamination rate, but rather used

those data of each hospital directly. The performance of suscept-

ibility testing of skin contaminants was inquired.

RESULTS
1. Participating medical institutions

Eighty-two medical institutions including 47 university hospi-
tals, 30 general hospitals, and 5 commercial laboratory centers
returned the questionnaire. Three institutions not performing
blood culture and 5 commercial laboratory centers conducting
blood cultures mainly as reference laboratories were excluded
for the analysis. Among the remaining 74 hospitals, those with
500-1,000 beds are accounted for 62.2%, followed by 200-500
beds (21.6%), more than 1,000 beds (12.2%), and less than 200
beds (4.1%). They were scattered all over the country.

2. Number of blood cultures

The number of blood cultures performed in 2009 was catego-
rized as <5,000, 5,000-10,000 10,000-20,000, 20,000-30,000,
30,000-40,000, and >40,000 in 20.3%, 14.9%, 27.0%, 16.2%,
12.2%, and 9.5% of institutions, respectively. On average, 2,364
blood cultures (SD 1,316) per 100 beds were conducted for a
year, ranging from 154 to 5,320.

3. Skin disinfection

There was no significant difference in skin disinfectants used
in adults, children, and neonatal infants. Povidone iodine (PI)
after isopropyl alcohol (IPA) accounted for 44.6%, followed by
PI after applying ethanol in 20.3% for adults (Fig. 1). The other
age groups showed a similar pattern of skin disinfectant use.
Using PI alone was reported for 12.2% of adults and 16.2% of
neonatal infants. Using alcohol such as IPA or ethanol alone
was seen in 8.1% of adults and children and 9.5% of neonatal
infants. Chlorhexidine was used only in one institution. The
waiting time was slightly different according to the type of
disinfectant. Blood was collected immediately from 18.9%,
8.1%, and 5.4% in whom IPA, cthanol, and PI was used
respectively. For PI, 16.2% waited for less than 30 sec, and
21.6% waited for longer than 2 min or until dried (data not
shown). The injection port of the culture bottle was disinfected
in 75.6% of cases, not in 10.8%. Data were not provided from
the remaining hospitals. For disinfection of the injection port, PI
(27.0%) was used most frequently, followed by IPA (18.9%)
and ethanol (13.5%).
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Fig. 1. Disinfectants for the skin preparation of blood culture. IPA,
isopropyl alcohol; PI, povidone iodine; EtOH, ethanol; Alc, isopropyl
alcohol or ethanol; NR, no response.
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Fig. 2. Use of blood culture bottles. A, aerobic; An, anaerobic; Op,
optional anaerobic; NR, no response.

4. Blood collection

Blood was largely collected by the same medical personnel at
general wards, intensive care units (ICU), and emergency de-
partments (ED). Interns, nurses, and dedicated phlebotomists
collected blood in 51.4%, 17.6%, and 6.8%, respectively, in the
general wards. Two and three types of vocation worked together
for sampling in 20.3% and 4.1%, respectively, which is similar
to the ICU or ED (data not shown). The recommended number
of blood collections was two, three, and two or three in 4.1%,
27.0%, and 67.6%, respectively. The recommended blood vol-
ume was 10 mL in 68.9% and 20 mL in 24.3%. A set of aero-
bic and anaerobic bottles was used for adults in 87.8%, whereas
5.4% of hospitals added an anaerobic bottle only in cases of
suspected anaerobic bacterial infection (Fig. 2). For children, a
set of aerobic and anaerobic bottles was utilized in 21.6% and

an aerobic bottle alone in 59.5%, with an anaerobic bottle added

Table 1. Positive rate and contamination rate of blood cultures in 74
hospitals

Positive rate Contamination rate

Range N (%) Range N (%)
1-5% 9 (122)  0-1% 17 (23.0)
5-8% 17 (23.00 1-2% 20 (27.0)
8-10% 24 324) 2-3% 24 (32.4)

10-15% 12 (16.2)  >3% 10 (13.5)
>15% 3 4.1 No response 3 4.1)

No response 9 (12.2)

optionally according to the clinical situation in 10.8%. Blood
was collected from both arms at the same time, with a 30-min
or a 1-h interval in 37.8%, 50.0%, and 5.4%, respectively.

5. Blood culture equipment, storage of blood collected bottle
and reporting system

An automated blood culture system was utilized in 87.8% of
the institutions. The manufacturing companies were bioMerieux
Inc., Becton Dickinson (BD), and both in 54.1%, 23.0%, and
10.8%, respectively. The most common models were the
BacT/Alert 3D (bioMerieux Inc, Durham, NC) or Bactec 9240
(BD Diagnostics, Sparks, MD). When blood culture bottles ar-
rived at night, they were put into the system directly in 56.8%
of hospitals. In the other cases, storage at room temperature and
at 37°C was found to be almost identical, at 16.2% and 23.0%,
respectively. When blood culture revealed a positive result, it
was reported to the medical staff by phone (23.0%), short mes-
sage service (SMS) or PDA (12.2%), laboratory information
system (23.0%), or a combination (24.3%). The culture period
was generally 5 days for the automated system and 7 days for
the manual method. However, five institutions incubated for 7

days despite their use of automated systems.
6. Positive rate and contamination rate

The rate of positive blood cultures was examined every year
in 88% of the institutions. The positive rate was classified as
<5%, 5-8%, 8-10%, 10-15%, and >15% in 12.2%, 23.0%,
32.4%, 16.2%, and 4.1%, respectively (Table 1). The rate of
contamination with skin normal flora was reported in most hos-
pitals (94.6%). The contamination rate was <1%, 1-2%, 2-3%,
and >3% in 23.0%, 27.0%, 32.4% and 13.5%, respectively.
Susceptibility testing of contaminants was conducted routinely
in 63.3% of institutions and only when requested in 16.2%.

Susceptibility testing was not performed in 10.8%.
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DISCUSSION

This study was designed to capture the current situation and
problems of blood culture in Korea. Whether blood culture is
conducted appropriately has rarely been evaluated. The data of
74 institutions located throughout the country were analyzed.
The total number of blood cultures performed in the laboratory
might differ according to the severity and distribution of pa-
tients at each hospital. If skin disinfection is inadequate, normal
skin flora grow during blood culture which is hard to discrim-
inate from true pathogens. The methods of disinfection were
diverse. Although using PI after applying IPA or ethanol was
the most common, using either PI or alcohol alone was also
reported. In this study, the frequency of relying on PI alone was
the highest for neonatal infants. This practice is of concern, as
iodine is inappropriate for this population with the potential to
affect thyroid function through skin absorption [11]. Thus, if PI
is used, removing it with alcohol or normal saline is needed
[8,12]. Chlorhexidine is rarely used, although some authors en-
dorsed the superiority of chlorhexidine to PI [12-14]. For PI, the
most frequently used skin disinfectant, the waiting time was less
than 30 sec in 21.6%, meaning that the time allowed for dis-
infection is insufficient. The CLSI guidelines stated that the dis-
infection power of tincture of iodine, chloride peroxide, and
chlorhexidine gluconate is superior to that of PI [3]. Whereas PI
requires 1.5 to 2 min to produce disinfection, tincture of iodine
or chlorhexidine gluconate shows a disinfection effect within 30
sec [12,14,15]. Therefore, the optimal usage of various products
for disinfection should be reviewed. Standardization of skin dis-
infection is highly desirable in view of the results of diverse
skin preparation.

The cap of the blood culture bottle is made of rubber, and PI
can cause cracks [6]. Pseudobacteremia can occur secondary to
growth of Pseudomonas spp. or Burkholderia spp. in povidone
solution [16], so alcohol is recommended to disinfect the cap of
the bottle [8]. Nevertheless, this questionnaire survey found that
PI was utilized most frequently for disinfection of the injection
port. In some countries, dedicated phlebotomist teams take all
samples for blood culture. However, interns collected blood in
around 50% suggesting that dedicated phlebotomist teams are
not activated yet in Korea. The number of blood cultures was
two or three in 67.5% of the institutions. Many previous studies
reported that three blood collections enhance the positive rate
significantly [7,8]. More concrete data might be needed for the

number of blood culture requested.

One of the most critical factors in successful blood culture is
the amount of blood [3,10]. For adults, 20 to 30 mL per one
venipuncture is recommended and is divided evenly into the
aerobic and anaerobic bottles [5,8,10]. Because the culture bot-
tle has negative pressure, care is necessary to avoid putting too
much blood into one bottle. As most pathogens causing sepsis
are aerobic, if the sample is not of the desirable amount, it
should be put into the aerobic bottle first [3]. Although an anae-
robic bottle can be added whenever one suspects anaerobic bac-
teremia, it is not easy to use this protocol in routine work.
Collecting 20 mL of blood from sepsis patients is tricky and
difficult. Therefore, many institutions seemed to recommend
drawing 10 mL of blood instead. As children are known to have
high bacterial counts in the blood in cases of bacteremia, a
small amount of blood is sufficient [2,8], and use of a pediatric
culture bottle is recommended. These bottles are designed for a
small amount of blood and include resin or charcoal to neu-
tralize bacterial growth inhibitors. However, we found that a
considerable number of hospitals used the same bottle employed
for adults; only 47.2% utilized pediatric bottles (data not
shown). Use of a pediatric bottle should be encouraged for
children.

The current CLSI guidelines recommended collecting the sec-
ond blood sample from another site at the same time [3]. How-
ever, only 37.8% of institutions adopted the new guidelines, and
more than half of the hospitals still used the interval of 30 min
to 1 h. Although the previous guidelines said that most bacter-
emia is intermittent and the time interval of 30 min to 1 h pro-
vides a greater opportunity to detect bacteria, several reports
showed that there is no difference in the detection rate accord-
ing to the interval of blood collection [4,5].

Around half of institutions could not put the sample bottles
into the automated culture system directly at night. More hospi-
tals stored them at 37°C rather than at room temperature.
Because the automated blood culture system examines bacterial
growth with a change of pH caused by CO; in a bottle after a
certain period of time, if bacteria grow at 37°C, the growth can
lead to false results [9]. Therefore, when direct installation of
bottle is not available, the culture bottle arriving at night should
be stored at room temperature and then transferred to the clin-
ical microbiology laboratory the next morning. When bacteria
grow, reporting the result of a Gram stain is very helpful [10],
especially when it comes to gram-negative rods, because these
organisms have a minimal possibility of skin contamination

[6,15]. As gram-positive cocci are more likely to be skin con-
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taminants, their results should be interpreted carefully. This
study found that positive blood cultures were reported in diverse
ways, including phone, PDA, and cell phone. An interim report
of negative results was made within 2-3 days. So, the reporting
system is considered to be acceptable.

The positive rate of blood culture ranged from 8-10% in most
institutions. For the institutions recording a <5% of positive
rate, the amount of blood should be checked [17,18]. When the
skin contamination rate is >3%, skin disinfection procedure
should be reviewed. More than 10% of the hospitals showed ei-
ther <5% of positive rate or >3% of contamination rate, re-
quiring quality improvement. Continuous education of medical
personnel for a sufficient amount of blood or on proper skin
preparation is needed [17-19]. Providing medical staff with a
well-described guideline on blood culture will be helpful. Susce-
ptibility testing was performed for most skin flora, which may
induce unnecessary use of antimicrobial agents. According to
previous reports, susceptibility testing of skin flora raised medi-
cal costs and extended the length of hospital stay [3,5]. A gen-
eral consensus about the susceptibility test should be formed for
the normal flora.

A limitation of this study is that the survey relied on written
answers rather than being conducted on the spot. There might
be some chances of wrong answers if the respondents did not
know the procedure completely. When a respondent did not an-
swer some questions, the total percentage is <100% in the
results. Precise definition of positive rate and skin contamination
rate lacked. Hospitals and institutions were used as the same
meaning in this article.

In conclusion, skin disinfection method was rather variable.
Sampling interval, blood volume, and storage of bottles should
be standardized. More than 10% of the hospitals are required for
quality improvement in terms of positive rate and skin con-

tamination rates.
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