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Clinical Features Associated with Blood Cultures According to
the Use of Antimicrobial Agents Prior to Blood Collection
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Background: Previous antibiotic exposure may inhibit
the growth of microorganisms in blood culture bottles.
The authors investigated the frequency of previous
antibiotic usage and analyzed the relationships
among antibiotic usage, microbiological culture re-
sults and mortality of sepsis patients.

Methods: From April to May 2011, all blood cultures
requested from inpatients were analyzed according to
the admitted ward and antibiotic prescription records.
The BacT/Alert 3D system (bioMerieux Inc.) was
used with a standard bottle (SA, SN) for blood culture.
Results: Of 900 inpatients, 48% had been receiving
antimicrobial agents when blood cultures were ordered.
This group had a significantly higher mortality rate
(36.2%) compared to the patients who had not re-
ceived antibiotics (11.1%). Gram-negative rod bacter-

INTRODUCTION

Blood stream infections (BSIs) are common and often fatal.
Blood culture is essential for isolating the etiological agents of
sepsis and for improving the treatment outcomes of BSIs. There
are several important guidelines for the optimal use of blood
cultures, such as blood culture set numbers, blood collection
timing, blood volume, and skin disinfection [1,2]. In addition,
antibiotics should be delayed until blood is collected from pa-
tients with sepsis [1,3]. When patients are diagnosed with hema-
tological malignancies or solid organ tumors, they are prone to
developing sepsis due to prolonged neutropenia [4]. Other im-
munologically compromised hosts, such as patients who have
undergone transplantation, steroid therapy, AIDS, multiple organ
failures, trauma, burn, or surgery, may be susceptible to bacter-

emia or fungemia [5]. Antibiotics may be used prophylactically
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emia (37.1%) and candidemia (100%) resulted in a
significantly higher mortality rate compared to Gram-
positive cocci bacteremia (16.4%). In the analysis of
21 cases resulting in death, 15 (71.4%) patients died
before or on the date when blood culture results
were reported.

Conclusion: Patients who receive antibiotics prior to
blood collection may be at a higher risk for mortality.
In the present study, Gram-negative rod bacteremia
and candidemia cases showed a rapid progression of
sepsis as indicated by Gram staining and thus should
be regarded seriously. (Korean J Clin Microbiol
2012;15:21-26)

Key Words: Antibiotics, Blood culture, Gram-negative
rod bacteremia, Sepsis

for these patients to prevent sepsis. Studies on the previous anti-
biotic usage on blood culture results are rare in Korea. We in-
vestigated the frequency of antibiotic usage before blood culture
was performed in inpatients and the effect of this usage on
blood culture results.

Gram-negative rod (GNR) bacteremia, especially bacteremia
due to pseudomonas, is known to be more fatal than gram-pos-
itive cocci (GPC) bacteremia [4,6], although the latter is becom-
ing more common because many medical devices inserted into
the skin or mucous membranes have been more widely used
[5,7-9]. We investigated mortality according to previous anti-
biotic prescriptions and microbiological results. Cases that re-
sulted in death were reviewed to determine the risk factors for

mortality.

MATERIALS AND METHODS
1. Study design

During April-May, 2011, consecutive blood cultures requested

from inpatients, except in the Department of Emergency, were



22 Korean J Clin Microbiol 2012;15(1):21-26

retrospectively analyzed, because drug usage information was
not available to obtain in most of the cases visiting the
Department of Emergency. All blood cultures regardless of re-
peated request were included during the study period. Our in-
stitution is a university-affiliated teaching hospital with 850 hos-
pital beds. Patients were divided into two groups: antibiotic-
exposed vs. non-exposed. The proportion of antibiotics ad-
ministered was analyzed by each ward. The types of antibiotics

prescribed were retrieved using a drug information system.
2. Microbiological culture

For blood cultures, the BacT/Alert 3D system (bioMerieux
Inc., Durham, NC) was used with standard bottle (SA, SN),
which does not contain charcoal or resin. In general, a blood cul-
ture was performed for 2 sets with 10 mL of blood for each
collection. Povidone iodine was mainly used for skin disinfection.
Blood culture bottles were incubated for 5 days in the equipment.
When there was a positive signal in the blood culture equipment,
the bottle was subjected to Gram staining, and its result was re-
ported as soon as possible (preferably within an hour) to the at-
tending physician by short message service (SMS). A small ali-
quot was cultured on a blood agar plate and a MacConkey agar
plate and then incubated overnight at 35°C. The colonies were
used for identification and susceptibility testing using a Vitek
system (bioMeriux Inc.). Microbiological data were analyzed ac-

cording to the patient’s history of antibiotic exposure.
3. Analysis of cases resulting in death

During the study period, there were 21 cases that resulted in
death. Mortality was compared according to antibiotic exposure
history and the microbiological identification results. Underlying
illnesses, neutrophil count, antibiotics administered, and blood

culture isolates were reviewed for all death cases.
4. Statistical analysis

Statistical significance was evaluated for mortality between
the antibiotic-exposed group and the non-exposed group as well
as for mortality by GNR or GPC by the 2 -test using SPSS,

version 17. A P value of <0.05 indicated statistical significance.

RESULTS
1. Frequency of antibiotic prescriptions by ward

The rate of antibiotic prescriptions at the time of blood cul-

ture was 48.0% among 900 admitted patients during the study

period. The prescription rate before blood culture was higher in
the MICU (medical intensive care unit) (90.0%), SICU (surgical
intensive care unit) (75.7%), Departments of Surgery (91.7%),
Hematology (75.6%), and Neurosurgery (63.3%), whereas it was
lower in the NICU (neonatal intensive care unit) (15.0%),
Departments of Pediatrics (24.9%), Pulmonology (33.7%), and
Gastroenterology (40.4%) (Table 1).

2. Antibiotics prescribed

A total of 1,096 antibiotics were prescribed for 432 patients.
The mean number of antibiotics per patient was 2.5. Cephalo-
sporins (31.1%) were the most commonly prescribed followed
by penicillins (16.2%), quinolones (14.1%), antifungal agents
(8.5%), metronidazole (5.9%), and vancomycin (5.5%). Among
432 patients, 26.6% were prescribed ciprofloxacin, 23.8% piper-
acillin/tazobactam, 23.2% ceftriaxone, 15.7% fluconazole, and

13.9% vancomycin (data not shown).
3. Microbiological data and mortality

Among 432 patients receiving antibiotics, 47 (10.9%) in-
dicated bacteremia or candidemia. The most frequently isolated
pathogens were S. aureus (9 episodes), Enterococcus faecium (8
episodes), Escherichia coli (8 episodes), Klebsiella pneumoniae
(6 episodes), and Candida albicans (4 episodes) (Table 2).
Among 468 patients not receiving antibiotics, 36 (7.7%) pre-

sented with bacteremia (P<0.05). S. aureus was predominantly

Table 1. Frequency of antibiotic administration by each department
before blood culture was performed

N with antibiotics

Departments N administered %
GS 24 22 91.7
H 160 121 75.6
NS 29 18 62.1
IR 29 17 58.6
IN 24 12 50.0
NR 21 10 47.6
IG 113 45 39.8
P 95 32 33.7
PD 169 42 249
MICU 40 36 90.0
SICU 37 28 75.7
NICU 80 12 15.0
Others 79 37 46.8
Total 900 432 48.0

Abbreviations: GS, surgery; IH, hematology; NS, neurosurgery; IR,
rheumatology; IN, nephrology; NR, neurology; IG, gastroenterology;
IP, pulmonology; PD, pediatrics; MICU, medical intensive care unit;
SICU, surgical intensive care unit; NICU, neonatal intensive care unit.
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Table 2. Comparison of blood stream infection (BSI) episodes and
the number of cases of death according to the microorganisms
isolated from blood cultures between patients exposed to antibiotics
(exposure group) and patients not exposed to antibiotics (non-
exposure group)

Antibiotics
Exposure Non-exposure
Microorganisms (N=432) (N=468)
epi(sxlies Death epi(sxlies Death
= N g N
Staphylococcus aureus 9 3 8 1
Enterococcus faecium 8 3 1
Escherichia coli 8 4 4 2
Klebsiella pneumoniae 6 1 1
Staphylococcus epidermidis 5 5
Coagulase-negative staphylococci 4 1 6
Candida albicans 4 4
Stenotrophomonas maltophilia 3 2
Pseudomonas aeruginosa 2 1 1 1
Acinetobacter baumannii 1 1
Enterobacter aerogenes 1 1
Streptococcus anginosus 1 1
Serratia marcescens 1
Candida parapsilosis 1 1
Enterobacter cloacae 1
Citrobacter youngae 1 1

Streptococcus viridans group
Kilebsiella oxytoca

Pantoea spp.

Shewanella algae
Streptococcus pneumoniae
Kocuria kristinae
Salmonella group D
Staphylococcus haemolyticus
Corynebacterium spp.
Streptococcus pyogenes

— e e e e e e e )
—

Polymicrobial infections were found in 9 patients in the antibiotic-user
group and in 4 patients in the non-user group. Among the cases that
resulted in death, 3 patients had polymicrobial infections in the anti-
biotic-user group and 1 in the non-user group.

P<0.05 by x’-test.

isolated (8 episodes) in this group, followed by coagulase-neg-
ative staphylococci (CoNS, 6 episodes) and Staphylococcus epi-
dermidis (5 episodes). Nine and 4 patients presented with poly-
microbial infections in the group that received antibiotics and
the group that did not receive antibiotics, respectively. The mor-
tality of sepsis with GNR was 37.5% (9/24) compared to 26.9%
(7/27) of sepsis with GPC in the group receiving antibiotics; the
mortality of sepsis with GNR was 36.4% (4/11) and that with
GPC was 7.1% (2/28) in the group that did not receive anti-
biotics. Taken together, the mortality rate with GNR (37.1%)
was significantly higher than that with GPC (16.4%) (P<0.05).

All five cases with candidemia died.
4. Analysis of cases resulting in death

Seventeen (36.2%) of the 47 patients who had previous anti-
biotics before blood culture died compared to only 4 (11.1%)
patients in the group that did not receive antibiotics (P <0.05,
Table 2). Among 21 patients who died due to sepsis during the
study period, 17 were over 50 years old (Table 3). There was
no preponderance of gender (M=13). Ten had an underlying sol-
id tumor, and 2 had acute leukemia. Eleven patients had neu-
trophil counts of >10,000/ #L, whereas only 3 had counts of
<500/ # L. Among 5 patients with candidemia, 4 had neutrophil
counts >10,000/ #L. Multiple combination therapy had been
prescribed except in 3 cases. Four patients presented with poly-
microbial infections. From the 13 types of bacteria available for
antibiotic susceptibility testing, 8 were resistant, and 5 were sus-
ceptible to currently used antibiotics (data not shown). Among
5 patients with candidemia, 4 had not used antifungal agents at
the time of blood culture. Importantly, fifteen (71.4%) patients
died either before or on the date that blood culture results were

reported.

DISCUSSION

The main purposes of this study were to understand how
many patients had received antibiotics before blood culture, and
how mortality varied according to antibiotic usage and micro-
biological culture results. Demographics, diagnoses, neutrophil
counts, previous antibiotic usage, and isolated pathogens were
analyzed for the cases resulting in death. Approximately half of
the inpatients had received antimicrobial therapy prior to blood
culture, which was more common in the MICU, SICU, and surgi-
cal departments (Table 1). Ciprofloxacin, piperacillin/tazobactam,
ceftriaxone, cefotaxime, fluconazole, and vancomycin were most
commonly used. Approximately 40% of patients had recent anti-
biotic exposure, and cefepime (50%) and ciprofloxacin (33%)
were the most common agents that patients were previously ex-
posed to in the study of GNR severe sepsis [6]. Even in the pa-
tients receiving antibiotics, a blood culture using a standard bot-
tle type gave a relatively favorable positive rate (10.9%), which
was higher than that in the patients not receiving antibiotics
(7.7%). This result went against expectation because antibiotics
may suppress the growth of bacteria. The main reason for the
higher prevalence of bacteremia in the group of patients receiv-

ing antibiotics may be due to the severity of disease. This group
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Table 3. Underlying diseases, previous antibiotics prescribed, and blood culture isolates in 21 cases that resulted in death

No. Sex Age Diagnosis Ne(gt;o}}j?lls Prev10LEZae;r;t)1blotlcs Blood culture isolates
1 F 78  Cholangiocarcinoma 18,840 Ceftriaxone (9) Citrobacter youngae
2 F 40  Acute leukemia 10 Amphotericin B (17) Stenotrophomonas maltophilia

Cefepime (11)
Ciprofloxacin (11)
Meropenem (8)
Vancomycin (8)
3 F 60  Scalp laceration 2,880 Levofloxacin (10) Candida albicans
Linezolid (21)
Vancomycin (11)
4 F 71  Non-small cell lung cancer 7,460 Fluconazole (11) Coagulase-negative staphylococci
Piperacillin/tazobactam (5)
Ciprofloxacin (4)
Levofloxacin (8)

5 M 84  Acute respiratory failure 17,400 Piperacillin/tazobactam (2)  Enterococcus faecium
Pseudomonas aeruginosa
C. albicans

6 M 59  Liver injury 40,150 Piperacillin/tazobactam (14)  C. albicans

Cefotaxime (9)
Ciprofloxacin (6)

Etc.

7 M 68  Stomach cancer 14,580 Cefazolin (3) Staphylococcus aureus

8 M 62  Stomach cancer 5,680 Fluconazole (1) E. faecium
Piperacillin/tazobactam (2)
Ciprofloxacin (2)

9 M 66  End stage renal disease 10,760 Piperacillin/tazobactam (4) C. albicans
Cefotaxime (1) S. aureus
Ciprofloxacin (3)
Metronidazole (1)

10 M 75  Chronic obstructive pulmonary disorder 7,050 Ceftriaxone (9) Acinetobacter baumannii
Metronidazole (3)

11 F 58  Acute myeloblastic leukemia 210 Fluconazole (1) Escherichia coli
Imipenem/cilastin (14)
Etc.

12 M 61  Lymphoma 25,080 Cefotaxime (9) E. coli
Cefoperazone/sulbactam (1)
Ciprofloxacin (1)

13 M 74  Common bile duct neoplasm 12,860 Cefotaxime (12) E. faecium
Imipenem/cilastin (8) E. coli
Vancomycin (3)
Etc.

14 M 0  Preterm infant 14,840 Ampbhotericin B (10) Candida parapsilosis
Ampicillin/sulbactam (7)
Etc.

15 F 70  Lung cancer 15,050 Fluconazole (7) E. coli
Piperacillin/tazobactam (12)
Ciprofloxacin (12)
Clindamycin (1)

16 M 58  Skull fracture 5,820 Ceftriaxone (9) E. faecium
Clindamycin (9)

17 M 46 Liver abscess 8,840 Fluconazole (32) S. aureus
Metronidazole (9) S. maltophilia
Tigecycline (32) Klebsiella pneumoniae
Imipenem (30)

18 F 72 Intestinal obstruction 19,980 No antibiotics S. aureus

19 F 47  Ovarian cancer 1,120 No antibiotics Pantoea spp.

20 M 51  Hepatocellular cancer 13,190 No antibiotics E. coli

21 M 58  Colon cancer 10 No antibiotics Streptococcus pneumoniae

E. coli
P. aeruginosa
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may have more severe illnesses than the group of patients not
receiving antibiotics. In contrast, in a study on hematological
malignancies and high-risk neutropenia, the positive rate of
blood culture was 7% in patients receiving antibiotics compared
to 14.3% in patients not receiving antibiotics [8]. Recently, GPC
bacteremia has increased because central and peripheral cathe-
ters have been widely used in inpatients [5,10]. Our data
showed a similar result: GNR bacteremia was present in 35 pa-
tients vs. GPC bacteremia in 55 patients (Table 2). Data on a
higher mortality rate in patients recently exposed to antibiotics
(51% vs. 34%) [6] were in accordance with our data (36.2% vs.
11.1%). GNR bacteremia, especially bacteremia due to pseudo-
monas, is known to be more fatal than GPC bacteremia [3,6].
GNR bacteremia showed a significantly higher mortality rate
than GPC bacteremia (37.1% vs. 16.4%). All cases of GNR bac-
teremia should be regarded as true bacteremia, whereas it is dif-
ficult to interpret the cases of GPC bacteremia, especially when
it comes to S. epidermidis, CoNS, or S. viridans [6,9-11].

Although we did not review all medical records, an underlying
malignancy seemed to be the most important factor that de-
termined the mortality of sepsis. This finding may be due to ei-
ther the malignancy itself or an immunocompromised status,
such as sustained neutropenia [4]. Among 21 death cases, twelve
had either solid organ tumors or acute leukemia. Unexpectedly,
absolute neutropenia (<500/1L) was observed only in 3 pa-
tients, whereas the majority of patients, including patients with
candidemia, showed marked neutrophilia. Candidemia should be
suspected even in cases of severe neutrophilia [3]. Eight patients
had received antibiotics that were resistant to the etiological
pathogen. Five patients died even though they had received anti-
biotics susceptible to the isolated pathogen. This phenomenon is
called breakthrough bacteremia. An inadequate concentration of
antibiotics, poor drainage of a focus of infection, or impairment
of host defenses may play a role in breakthrough bacteremia [2].
One patient showed breakthrough candidemia. Breakthrough bac-
teremia was detected in 6% of episodes of bacteremia in Spain
[6], whereas it was detected in 10.6% (5/47) of episodes of bac-
teremia in our study.

The presence of polymicrobial infections does not seem to be
a major risk factor for mortality. Five (23.5%) of the 21 patients
who died presented with polymicrobial infections. Another 8
cases with polymicrobial infections survived. Importantly, all
patients with candidemia died, suggesting a very low immuno-

logical status in these patients. Physicians should be more alert

when repored for GNR bacteremia or fungemia because mortal-
ities are much higher in these cases [10]. Surprisingly, most
(71.4%) of the patients died before or on the date of the blood
culture results reported which suggests a very rapid progression
of sepsis and requires a more accurate and rapid blood culture
procedure. A more keen evaluation of the patients' conditions
and standardized empirical therapeutic intervention are manda-
tory. Use of an automated continuous monitoring blood culture
system will reveal bacteria in the blood culture bottle more rap-
idly than a manual method. More than 70% of the blood culture
will give a positive result within a day when using an auto-
mated blood culture system [12]. Optimal procedures, such as
sufficient blood volume collection or thorough skin decontami-
nation, will improve the quality of the blood culture [2,11]. In
a recent report, only 45% of cases had an adequate number of
blood cultures, and an optimal volume of blood (=10 mL per
bottle) was inoculated in 13% of adult bottles [13]. The critical
value of the Gram stain in a positive signal bottle should be re-
ported to the attending medical personnel directly within an
hour [1]. As it takes 2 more days to obtain the identification and
susceptibility test results, the urgent reporting of Gram stain re-
sults cannot be overemphasized [1,2]. Patient categorization
(e.g., community-acquired, nosocomial, or infections in hemato-
logical units) combined with Gram stain data could be useful
for determining empirical therapy [14]. Resin- or charcoal-con-
taining media are recommended for patients receiving antibiotics
because they may inhibit the effect of antibiotics in the blood
culture bottle and enhance the growth of microorganisms [1,2,15].

In conclusion, approximately half of the inpatients had al-
ready been receiving antimicrobial agents when the blood cul-
tures were ordered. Notably, the patients that had received anti-
biotics gave a higher positive rate compared to the patients that
had not received antibiotics. GNR bacteremia and candidemia
were more fatal than GPC bacteremia. As many patients died
before blood culture results were reported, adequate blood cul-
ture procedure and direct reporting of Gram stain results should

be emphasized.
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