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Timing of Blood Cultures in the Setting of Febrile Neutropenia: An
Australian Institutional Experience
Febril Notropenide Kan Kltdrlerinin Zamanlamasi: Avustralya Kurumsal Deneyimi

® Samuel Wang

Alexandra Hospital, National University Hospital System, Queenstown, Singapore

M e

Objective: Febrile neutropenia (FN) is a hematological emergency
requiring urgent investigations to exclude infection and treatment
with broad-spectrum antibiotics. Despite frequent blood cultures
(BCs) being taking during episodes of FN, in the current literature
BC positivity rates remain low in FN. This study aims to determine
the BC positivity rate in FN hematology patients and determine the
utility of collecting BCs beyond 24 h of commencing broad-spectrum
antibiotics.

Materials and Methods: BC results between 2014 and 2016 from all
FN hematology patients were analyzed. Patient episodes of FN (PEFNs)
were defined as a continuous period of FN where the interval between
BC samples was a maximum of two days. In total from 2014 to 2016,
379 patients experienced 914 PEFNs and had 4267 BCs collected.

Results: Overall BC positivity rates and BC-positive PEFN rates were
8.16% and 13.35%, respectively. Within the first 24 h, the positivity
rate of the first BCs was 3.49%, while subsequent BC positivity within
the first 24 h was 11.96%. BC positivity rates declined after 24 h to
2.18%.

Conclusion: It is likely that BCs beyond 24 h of commencing broad-
spectrum antibiotics will rarely identify relevant microorganisms. Not
collecting BCs after 24 h would likely reduce laboratory test costs,
patient discomfort, and iatrogenic anemia.

Keywords: Blood cultures, Febrile neutropenia, Neutropaenic sepsis,
Microbiology, Haematology, Laboatory medicine

Amag: Febril nétropeni (FN), enfeksiyonu ve genis spektrumlu
antibiyotiklerle tedaviyi dislamak icin ivedi arastirmalar gerektiren
hematolojik bir acil durumdur. FN ataklari sirasinda sik kan kiilttrleri
(KK) alinmasina ragmen, mevcut literatiirde KK pozitiflik oranlari
FN'de dusiik kalmaktadir. Bu calisma, febril ndtropenik hematoloji
hastalarinda KK pozitiflik oranini belirlemeyi ve genis spektrumlu
antibiyotiklere basladiktan 24 saat sonra KK almanin faydasini
belirlemeyi amaclamaktadir.

Gereg ve Yontemler: 2014-2016 yillari arasinda FN tanisi almig tiim
hematoloji hastalarinin KK sonuglari analiz edildi. Hasta FN ataklan
(HFNA), KK 6rnekleri arasindaki siirenin en fazla iki giin oldugu
kesintisiz febril n6tropenik dénem bir FN periyodu olarak tanimland.
2014'ten 2016'ya kadar toplamda 379 hastada 914 HFNA gozlendi ve
4267 KK 6rnegi alindi.

Bulgular: Genel KK pozitiflik oranlari ve KK pozitif HFNA oranlari
sirasiyla 008,16 ve 913,35 idi. ilk 24 saat icinde, ilk KK'lerin pozitiflik
orani %3,49 iken, takip eden KK pozitifligi %11,96 bulundu. KK
pozitiflik oranlari 24 saat sonra %2,18'e geriledi.

Sonug: Genis spektrumlu antibiyotikler baslamasini takiben ilk 24
saatten sonra alinan KK'lerin ilgili mikroorganizmalari tanimlamasi
nadiren muhtemeldir. Febril notropenili hematoloji hastalarinda genis
spektrumlu antibiyotik baslanmasini takiben ilk 24 saatten daha sonra
KK'lerin alinmamasi, laboratuvar test maliyetlerini, hastanin girisim
anksiyetesini ve iyatrojenik anemiyi azaltacaktir.

Anahtar Sozciikler: Kan kiltirleri, Febril ndtropeni, Notropenik
sepsis, Mikrobiyoloji, Hematoloji, Laboratuvar tibbi

Introduction

Febrile neutropenia (FN) is defined as an oral temperature of
>38.5 °C (or two consecutive readings of >38.0 °C for at least 2
h) with an absolute neutrophil count of <0.5x109/L (or expected
to fall below 0.5x109/L) [1], and it is a medical emergency.
FN in patients with hematological malignancies frequently

complicates chemotherapy and is responsible for morbidity,
increased healthcare resource utilization, and treatment delays
compromising cancer treatment efficacy. Mortality from FN has
diminished steadily but still remains significant at around 11%
[1]. Patients with proven bacteremia have worse prognosis, with
mortality rates of about 18% in cases of gram-negative and 5%
in cases of gram-positive bacteremia [1].
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Generally, patients presenting with FN are investigated for an
infection source and are begun on empiric broad-spectrum
antibiotic therapy as soon as practical. Investigations include
blood cultures (BCs) from a central access catheter (CVC) if
present as well as peripheral blood. The rates of positive BCs
in FN patients are low, ranging from 0.2% to 15% [2,3]. The
diagnostic yield for repeated BCs is also low [4]. Positive BC
rates are influenced by several factors including prophylactic
antibiotics, degree of bacteremia, and presence of CVCs [2].
Limited information has been published to provide guidance on
the utilization of BCs in this clinical context.

Furthermore, false-positive results due to contaminant
organisms may generate a spiral of additional laboratory testing,
unnecessary antibiotic therapy, and prolonged hospital stays
with increased costs and little clinical benefit to the patient
[5,6,7]. Additionally, repeated collection of BCs generates
patient discomfort and exacerbates iatrogenic anemia [8]. A
previous study looking at antibiotic de-escalation strategies in
cases of multidrug-resistant gram-negative bacilli (MDR-GNB)
bloodstream infections 24 h after cultures were taken identified
that the vast majority of BCs (92.1%) from onco-hematological
patients with FN were positive within 24 h and no MDR-GNB
was positive over 24 h [9]. This supports the need for reassessing
empiric antibiotic treatment in neutropenic patients at 24 h in
light of antibiotic stewardship de-escalation strategies [9].

Building upon previous studies and with a different focus, we
aimed to better define a more reasonable utility of BCs in the
setting of FN. Specifically, we aim to determine if taking BCs
beyond the first 24 h of empiric antibiotic therapy has any
clinical role.

Materials and Methods

All BC results of adult hematology patients with FN admitted
via the Emergency Department to the Prince of Wales Hospital
in Randwick, Australia, in the calendar years of 2014 to 2016
were retrospectively obtained. Many patients had multiple and
prolonged admissions for FN, with multiple BCs performed.
Hence, each patient's BC record was divided into patient episodes
of FN. A single patient episode of FN (PEFN) was defined as a

single continuous period of FN where there was a constellation
of clinical symptoms such as fever, infectious focus, appearance
of new symptoms and signs of hypotension, tachycardia, and
temperature of >38.5 °C. Furthermore, such symptoms and
signs were present prior to the taking of BCs. Some patients had
multiple PEFNs during a single prolonged admission.

The 2014-2016 dataset included the date and time of BC
collection, the site of collection (e.g., peripheral blood or CVC),
and microbial analysis of all BCs taken for each patient. A
standard protocol for managing patients presenting with FN has
been in place for many years. All patients have BCs collected by
peripheral venipuncture as well as all lumens of CVCs if present
prior to commencement of empiric intravenous antibiotics
(tazobactam with vancomycin if CVC in situ). When the time of
commencement of antibiotics was not known, it was assumed
to follow the first collection of BC. The analysis determined
the overall rates of BC positivity or negativity for the first BC
collected, all BCs collected within 24 h of the first BC collected,
and all BCs collected 24 h after the first BC collected (assumed
to be equivalent to 24 h of empiric antibiotic therapy). A table of
microbial isolates was also constructed for the whole dataset. In
addition, case records were reviewed in detail for patients where
BCs were positive only after 24 h from the first BC collected.

Results

In 2014-2016, a total of 379 patients experienced 930 PEFNs
and had 4267 BCs collected, and the overall BC positivity rates
and BC-positive PEFN rates were 8.16% and 13.12%, respectively
(Table 1). Two-thirds of BCs (2801) were collected in the first
24 h, with the remainder (1466) being collected 24 h from the
first BC. The first BC was positive in 3.49% of cases.

Based on the total number of PEFNs, a chi-square test was
performed to compare the number of PEFNs, where the first
BC taken within 24 h being positive (n=98) was compared to
the number of PEFNs where any BC within 24 h was positive
(n=115), and the chi-square statistic was 1.53 (p=0.21). Hence,
there was no statistical difference in the number of PEFNs for
the first BC taken within 24 h being positive versus the number
of PEFNs for any BC being positive within 24 h. Additionally,

positive BCs.

Summary of Patients: PEFNs and BCs

Table 1. In the calendar years 2014-2016, 379 patients experienced 930 patient episodes of febrile neutropenia (PEFNs). A total
of 4267 blood cultures (BCs) were collected, of which 348 (8.16%) were positive. Out of the total 930 PEFNs, 122 (13.35%) had

Total number of patients 131 156 92 379

Total number of BCs 1120 1750 1397 4267

Percentage of positive BCs 116 of 1120 | 10.36% | 135 0of 1750 | 7.71% 97 of 1397 | 6.94% 348 of 4267 | 8.16%
Total number of PEFNs 328 310 292 930

Percentage of PEFNs with positive BC | 45 of 328 13.71% | 42 of 310 13.55% | 35 of 292 11.99% | 122 0f 930 13.12%

58



Turk J Hematol 2021;38:57-63

Wang S: Utility of Blood Cultures in Febrile Neutropenia

for the 122 BC-positive PEFNs, the first BC identified 80.33%
of cases, while BCs collected in the first 24 h identified 94.26%
(Table 2). This implies that the first BC taken prior to the
initiation of antibiotics would have the highest microbiological
yield. However, it also suggests that any number of BCs can
be taken within a 24 h period and this does not have to be
limited to the first BC alone. This is useful for doctors who may
want to consider taking BCs despite already starting empirical
antibiotics, with the caveat of the 24 h period.

The BC positivity rates rapidly declined 24 h after commencement
of broad-spectrum antibiotics. The positivity rates of all BCs
within the first 24 h was 11.95% compared with 2.18% for
all BCs taken more than 24 h after the first BC (chi-square
statistic of 117.02, p<0.00001) (Table 3). This supports the idea
that taking BCs after 24 h of empiric antibiotics is likely to
have a low diagnostic yield. BCs within 24 h of admission and
commencement of broad-spectrum antibiotics gave the highest
yield of 56.80%, in contrast to only 12.15% of BCs being positive
after 24 h (Table 4).

The BCs that were collected 24 h after the first BC were positive
in only 17 episodes of FN. In 10 of these episodes of FN, BC
positivity was also evident in the first 24 h and continued to be
positive beyond the first 24 h. BC positivity was detected only
after 24 hin only seven cases (Table 5). Based on a detailed clinical
review of these cases, it is likely that contaminant microbes were
found in 4 cases (6 of the 11 BCs). A summary of all microbial
isolates is provided in Table 6. To better contextualize the blood
culture findings, clinical details such as patient demographics,
transplant status, underlying hematological disease, average
duration of neutropenia, and average absolute neutrophil count
on admission were collated (Table 7).

Discussion

In this retrospective study, we analyzed 4267 BCs taken from
379 hematology patients admitted for FN between 2014 and
2016. This BC positivity rate of 8.16% is consistent with previous
reports [3,4]. While small, this yield is clinically worthwhile
and supports the use of BCs in patients with FN. Our results,

Table 2. In 122 blood culture (BC)-positive patient episodes of febrile neutropenia (PEFNs), the first BC identified 80.33% of cases
and BCs collected in the first 24 h identified 94.26%.

Timing of BC for PEFN

Total number of PEFNs 328 310 292 930

Number of PEFNs with positive BCs 45 42 35 122

Percentage of PEFNs where only first BC taken | 50 (e300 | 106705 | 3507310 | 112906 | 28 0f 292 | 9.59% | 98 0f930 | 10.53%
was positive

Percentage of PEFNs where any BC within 24 h |, ¢ 356 | 158005 | 40 0f 310 | 12.90% |33 0f 292 | 11.300% | 115 0f930 | 12.37%
was positive

Among PEFNs with positive BCs

Egrscifi’\';age of PEFNs where first BC taken was | 50 ¢ 45 | 780000 | 350f42 | 83330 |280f35 |80.00% |980f122 |80.33%
Percentage of PEFNs where any BCin first 24 h | ) ¢ 1o | 933305 |400f42 |9524% |330f35 | 94290 |1150f 122 | 94.26%
was positive

Percentage of PEFNs with continuing positive |, c /0 | 156600 [gofa2 | 19.04% |20f35 |571% |170f122 |13.930%
BCs beyond 24 h

Percentage of PEFNs with positive BCs beyond

24 h but negative BCs within 24 h 3 of 45 6.67% 2 of 42 4.76% 2 of 35 5.71% 7 of 122 5.74%

of 2.18%.

Timing of BC and positivity rate

Table 3. Positive blood culture (BC) rates were highest under 24 h at 11.96%. Beyond 24 h, the positive BC rate had a low value

Total number of BCs 1120 1750 1397 4267

Total number of BCs in first 24 h 749 1044 1008 2801

Percentage of first BC taken being 350f749 | 467% |350f1044 |3.350 |280f 1008 |2.77% |98 of 2801 | 3.49%
positive within 24 h

Percentage of BCs positive within 24 h | 1250f749 | 16.69% | 125 of 1044 | 11.97% | 85 of 1008 | 8.43% | 335 of 2801 | 11.96%
Total number of BCs after first 24 h 371 706 389 1466

Percentage of BCs after more than 24 h |, ¢ 15, 2.70% | 10 of 706 1420 |120f389 |3.08% |320f1466 |2.18%

being positive
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however, indicate little clinical utility of BCs taken beyond 24 h
from commencement of empiric antibiotics. Of 1466 BCs taken
beyond 24 h of initial BC collection, 97.8% were negative. Most
of the 2.2% of positive BCs taken beyond the first 24 h of empiric
antibiotic therapy continued to be positive for bacteremia as
already identified in the BCs taken within the first 24 h. In only
3 cases did the BC beyond the first 24 h identify potentially new
pathogenic organisms. We conclude that further BCs should
be taken within the first 24 h in cases of further spikes of
temperature of >38.5 °C. However, BCs should not be routinely
collected after 24 h of broad-spectrum antibiotic therapy unless
there is clinical suspicion of undiagnosed infection. Our results
largely reflect the limited published data found regarding BC
timing in FN [10,11].

Our practice will hopefully save money in investigations and
reduce the risk of unnecessary escalation of investigations/
treatment due to microbial isolates from contaminated BCs
[12]. Contaminated BCs may result in unnecessary treatment
for the patient and extended hospital stay [12]. There is also
greater financial burden from inappropriate and contaminated
BCs, such as the costs of cultures, extended hospital stays, and
pharmacy costs [12]. Contaminated BCs also have the unwanted
effect of prolonging broad-spectrum antibiotic therapy, which
can lead to greater antimicrobial resistance and also side effects

such as Clostridium difficile infections [12]. Moreover, reduction
in the amount/volume of BCs will help ameliorate patient
discomfort and iatrogenic anemia in patients already suffering
from multifactorial causes of anemia [8].

Based on our microbial isolates, the most common gram-
positive organism was Staphylococcus epidermidis, followed
by Streptococcus salivarius, Staphylococcus hominis, and
Staphylococcus aureus. The most common gram-negative
organism was Escherichia coli, followed by Pseudomonas
aeruginosa and Klebsiella pneumoniae. In keeping with the
current literature, our data suggest that there has been a shift
from gram-negative bacteria towards gram-positive cocci in
the majority of FN cases [13]. That being said, gram-negative
bacteria such as Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella species still account for a large number of FN cases
[13]. Reasons explaining such a shift could be increased oral
mucositis associated with increasingly potent chemotherapeutic
agents, such as cytosine arabinoside, or increasing use of
indwelling intravascular catheters and fluoroquinolone
prophylaxis resulting in decline in bacteremia secondary to
gram-negative rods in FN, but not gram-positive organisms [13].

Unfortunately, data regarding antimicrobial resistance patterns
were not able to be obtained from our bacterial isolates for

Table 4. Analyzing patient episodes of febrile neutropenia (PEFNs) for the group with any positive blood cultures (BCs), the
highest BC positivity rate was that for BCs taken within 24 h at 56.80%.

For PEFNs with any positive BCs, the timing of BCs and their positivity rates

Number of BCs collected within 24 h 153 231 153 537
Percentage positive within 24 h 95 of 153 | 62.09% | 125 of 231 | 54.11% | 85 of 153 | 55.56% | 305 of 537 | 56.80%
Number of BCs collected beyond 24 h 93 168 93 354
Percentage positive beyond 24 h 21 0f93 | 22.58% | 10 of 168 5.95% | 12 of 93 12.90% | 43 12.15%

Details of patients with positive BCs only after 24 h

Number
of positive
BCs

Number of

BCs BC after initial

presentation

Table 5. This table highlights specific patients who had positive blood cultures (BCs) after 24 h despite having negative BCs within
the initial 24-h period. Half of the organisms isolated appeared to be contaminants and not clinically significant.

Time until positive

Isolate Clinical infection

69 Male 6 1 64.5 h Paenibacillus urinalis No, contaminant
2014 45 Female | 16 1 57 h Propionibacterium acnes Yes
43 Male 8 2 10 h g;t;(,lj):r)r/'l;;s;)sccus warneri, Staphylococcus No, contaminant
63 Female | 34 2 13 days Staphylococcus haemolyticus No, contaminant
2015 2 15 days Staphylococcus epidermidis No, contaminant
68 Male 12 2 67 h Staphylococcus hominis No, contaminant
2 10 h Staphylococcus epidermidis No, contaminant
63 Male 24 2 9 days Lomentospora prolificans Yes
2016 2 11 days Lomentospora prolificans Yes
2 12 days Pseudomonas aeruginosa Yes
57 Male 8 2 48 h Pseudomonas aeruginosa Yes
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Table 6. The isolated microorganisms from febrile neutropenia patients treated in our institution.

Summary of positive isolates

Classification of microbes Number of patient episodes Number of patient episodes per microbe

2014 |
Gram-positive
Streptococcus salivarius 1 2 3 6
Streptococcus mitis 2 2
Streptococcus gordonii 1 1
Streptococcus milleri 1 1
Streptococcus pneumoniae 1 1
Streptococcus sanguinis 1 1 2
Streptococcus sp., Group B 1 1
Staphylococcus epidermidis 3 9 16
Staphylococcus aureus 1 5
Methicillin-resistant Staphylococcus aureus (MRSA) 1 1
Staphylococcus hominis 1 3 2 6
Staphylococcus capitis 2 1 1 4
Staphylococcus haemolyticus 1 1 1 3
Staphylococcus lugdunensis 2 2
Staphylococcus warneri 1 1
Vancomycin-resistant Enterococcus faecium (VRE) 2 2 4
Enterococcus faecalis 1 1
Pediococcus acidilactici 1 1
Lactobacillus rhamnosus 1
Bacillus sp. 1 1
Cutibacterium acnes 1 1
Micrococcus sp. 1 1
Micrococcus luteus 1 1
Clostridium sp. 1 1
Nosocomiicoccus ampullae 1 4 5
Gram-negative
Escherichia coli 3 12 8 23
Pseudomonas aeruginosa 4 3 4 N
Klebsiella pneumoniae 2 3 3 8
Citrobacter koseri 1 2 3
Proteus mirabilis 2 1 3
Enterobacter cloacae 1 1
Enterobacter asburiae 1 1
Fusobacterium nucleatum 1 1 2
Leptotrichia wadei 1 1
Haemophilus influenzae 1 1
Haemophilus parainfluenzae 1 1
Pseudomonas mosselii 1 1 2
Stenotrophomonas maltophilia 1 1
Complex life-cycle gram-positive and gram-negative
Arthrobacter cumminsii 1 1
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Table 6. Continued
Summary of positive isolates

Classification of microbes

Fungus

Number of patient episodes Number of patient episodes per microbe
2015 2016

2014

Candida albicans

Lomentospora prolificans

30

54 45 130

(n) refers to the number of patients.

Table 7. Relevant clinical data of the 379 adult patients admitted for febrile neutropenia in the calendar years of 2014-2016.

Year 2014 2015 2016
Patients (n) 131 156 92
Males (n) 79 96 57
Females (n) 52 60 35
Average age (years) 66 66 66
Age range (years) 23-96 22-92 20-94
Autologous transplant (n) 49 56 37
Allogenic transplant (n) 0 0 0

No transplant 82 100 55
Underlying hematological disease

Acute myeloid leukemia (n) 39 55 26
Chronic myeloid leukemia (n) 2 5 1
Acute lymphoblastic leukemia (n) 1 2 1
Chronic lymphocytic leukemia (n) 35 36 28
Hodgkin's lymphoma (n) 19 14 1
Non-Hodgkin's lymphoma (n) 20 27 15
Multiple myeloma (n) 15 17 10
Average duration of neutropenia (days) 7 9 5
Average absolute neutrophil count on admission (x109/L) 0-1 0-1 0-1

this study. However, based on clinical experience and local
antibiogram data, tazobactam is chosen as the first-line
monotherapy for most patients with the addition of vancomycin
only if the patient has a CVC in situ as a precaution against
methicillin-resistant Staphylococcus aureus [14]. The rationale
for this is combination therapy with an antipseudomonal
beta-lactam and a second agent, typically an aminoglycoside,
showing no clinical advantage over monotherapy with an
antipseudomonal beta-lactam in meta-analyses of randomized
controlled trials in sepsis [14]. Furthermore, nephrotoxicity
with beta-lactam/aminoglycoside combination therapy usually
outweighs any potential benefit [14].

Conclusion

Our data demonstrate that BCs beyond 24 h of commencing
broad-spectrum  antibiotics  rarely  identify  relevant
microorganisms. Hence, BCs should not be routinely collected
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beyond 24 h of broad-spectrum antibiotic therapy unless there
is strong clinical suspicion of undiagnosed infection.

There are a number of limitations to our study. The study is
retrospective and the case records of all patients admitted
with FN were not reviewed in greater detail due to limitations
in the electronic health record; hence, the timing of the onset
of symptoms and fever was not known. This could affect the
accuracy of PEFNs. The use of prophylactic antibiotics prior
to presentation, although likely to be small, was not known.
The actual time of antibiotic administration in relation to the
BC collection was also not known. However, the management
of this patient group with a well-established long-standing
protocol with collection of BCs followed by commencement of
empiric antibiotics makes our conclusion reasonable.

Possible prospective future studies could eliminate these
limitations and more accurately determine the number of BC
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sets required to most cost-effectively identify bacteremia in this
clinical context.

Informed Consent: Informed consent was obtained for all
participants in the study.

Financial Disclosure: The author declared that this study
received no financial support.
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