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Background. The optimal frequency of repeat blood cultures in persistent febrile neutropenia (FN) remains unknown. This 
study aimed to identify opportunities for blood culture diagnostic stewardship in persistent FN.

Methods. This was a retrospective cohort study of patients with hematology/oncology diagnoses and an FN episode lasting >3 
days. Generalized estimating equation logistic regression models were used to evaluate risk factors for new bloodstream infection 
(BSI) after FN day 3.

Results. Among 620 patients, the median FN duration was 5 days, with a median of 12 blood culture bottles collected per 
patient. On FN day 1, 25% of patients had a positive blood culture; on FN days 2–9, <5% of patients per day had a new 
organism isolated. Among 31 new organisms isolated after FN day 3, 8 (26%) were contaminants. Of 503 patients with ≥1 
blood culture collected after FN day 3, 19 (4%) had a new BSI after FN day 3. FN onset in the peri–hematopoietic cell 
transplant period (from day −7 to day +30) was associated with lower odds of new BSI after FN day 3 (odds ratio, 0.18 [95% 
confidence interval, .04–.71]; P = .01). Thirty-six patients died within 30 days after FN day 3, including 4 with a new BSI after 
FN day 3; 1 death was attributable to BSI after FN day 3.

Conclusions. Detection of new BSIs after FN day 3 was uncommon, demonstrating the low diagnostic yield of repeat blood 
cultures after FN day 3. FN episodes in the peri–hematopoietic cell transplant period may be a potential focus for blood culture 
diagnostic stewardship initiatives.
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Febrile neutropenia (FN) is associated with significant mor
bidity and mortality among patients with cancer [1, 2]. 
Bacteremia occurs in 10%–25% of FN episodes [3], but a defin
itive source of infection is often not identified. Based on expert 
opinion, national guidelines suggest obtaining 2 sets of blood 
cultures at the onset of FN and repeating cultures on FN 
days 2–3; beyond that, repeat cultures are advised only if there 

is a clinical change [3]. The optimal frequency of repeating 
blood cultures in FN remains unknown, though several studies 
in adult and pediatric populations have demonstrated low di
agnostic yield for repeat cultures beyond the first few days of 
FN in clinically stable patients [4–13]].

Excess blood culturing is associated with detection of con
taminants, unnecessary antibiotic exposure, misclassification 
of central line–associated bloodstream infection (BSI), iatro
genic anemia, and longer hospital stays [14–17]. These factors, 
in combination with recent blood culture bottle shortages, un
derscore the importance of limiting unnecessary cultures 
through diagnostic stewardship [18, 19]. Blood culture stew
ardship is increasingly recognized as a tool to advance antimi
crobial stewardship [20] and is of critical importance to 
mitigate antimicrobial resistance, a growing threat to patients 
with cancer, who have frequent exposure to antibiotics [21].

To identify opportunities for blood culture stewardship at 
our cancer center, we conducted a retrospective cohort study 
to measure incidence of new BSI beyond FN day 3, identify 
risk factors for BSI after FN day 3, and measure associations be
tween these infections and 30-day mortality.

Febrile Neutropenia Blood Culture Yield • CID • 1

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag014/8431375 by guest on 24 August 2026

https://orcid.org/0000-0002-1378-8859
https://orcid.org/0009-0000-0029-8511
https://orcid.org/0009-0003-7503-4504
https://orcid.org/0009-0002-5139-6167
https://orcid.org/0000-0001-7510-5470
https://orcid.org/0000-0003-0023-8054
https://orcid.org/0000-0003-2277-1976
https://orcid.org/0000-0002-5680-8688
https://orcid.org/0000-0002-7532-4822
mailto:erosen@fredhutch.org
mailto:erosen@fredhutch.org
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/cid/ciag014


METHODS

Study Design

This is a single-center retrospective cohort study of adults (aged 
≥18 years) with a hematology/oncology diagnosis—including 
both hematopoietic cell transplant (HCT) and chimeric antigen re
ceptor (CAR) T-cell therapy recipients and non–HCT/CAR T-cell 
therapy recipients—hospitalized during an FN episode lasting >3 
days. The study included FN episodes between 27 March 2021 and 

30 June 2024. Only the first qualifying episode per patient was in
cluded (Figure 1). The primary outcome was onset of a BSI after 
FN day 3 due to a new organism not isolated in any earlier blood 
cultures during the index FN episode. This study was approved by 
the Fred Hutchinson Cancer Center Institutional Review Board.

Definitions

A day of FN was defined as any day with a measured tempera
ture ≥38°C and an absolute neutrophil count (ANC) ≤500 

Figure 1. Flow chart illustrating study inclusion and exclusion criteria. A total of 620 patients were included in the descriptive analysis summarizing the timing of positive 
blood cultures during episodes of persistent febrile neutropenia (FN); 503 patients who had ≥1 blood culture collected after FN day 3 were eligible for the risk factor and 
30-day mortality analyses.
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cells/µL measured within 24 hours before or after the qualifying 
temperature. The start of an FN episode was the first day FN 
criteria were met. The end of an FN episode was the last day 
of FN that was followed by ≥2 consecutive days on which cri
teria for a day of FN were no longer met. An FN skip day was 
any non-FN day within an FN episode that was immediately 
preceded and followed by an FN day.

A blood culture set was defined as 2 bottles; if bottle-level 
data were missing, we assumed that 2 bottles were collected 
per set, according to institutional standard practice. A positive 
culture was any blood culture growing ≥1 organism. A positive 
blood culture after FN day 3 was considered a new BSI if the 
following criteria were met: (1) ≥1 organism in the blood cul
ture was a new organism, not isolated in any previous blood 
cultures from the same FN episode; and (2) ≥1 new organism 
was not a contaminant. If ≥1 organism meeting criteria for BSI 
was isolated on the same FN day, this was considered a single, 
polymicrobial BSI. If a patient had onset of BSIs due to new or
ganisms on different FN days, these were considered separate 
BSIs.

Data Collection

FN episode dates, patient demographics, admission dates, he
matology/oncology diagnoses, HCT/CAR T-cell treatment 
dates (if applicable), and mortality data were extracted from 
the medical record, in addition to all blood cultures and tem
peratures measured during FN episodes. To determine whether 
positive blood cultures after FN day 3 represented a true BSI or 
contaminant, records were reviewed by 2 infectious diseases 
clinicians. A positive culture was deemed a contaminant if 
agreed upon by both reviewers; in cases of disagreement, the 
positive culture was designated as a BSI. Contaminant determi
nation criteria are described in the Supplementary materials.

To assess clinical stability at the time of each new BSI after FN 
day 3, records were reviewed to capture clinical parameters used 
for sepsis identification [22]. At the conclusion of each review, 
investigators recorded their overall assessment of patient clinical 
stability at the time of each BSI diagnosis. Record review was 
performed by 2 investigators; discrepancies were adjudicated 
by a third investigator unless noted. The BSI-attributable mortal
ity rate was assessed using a similar process, described in the 
Supplementary materials.

Standard Blood Culturing Practices

Internal guidelines recommend 2 sets of blood cultures at FN 
onset before antibiotic initiation. For HCT/CAR T-cell therapy 
recipients with FN, guidelines recommend repeating 2 sets of 
blood cultures every 24 hours. For non–HCT/CAR T-cell ther
apy recipients with FN, cultures may be obtained every 
24 hours, or less frequently if the patient’s clinical status is 
not worsening. Our center experienced a blood culture bottle 
shortage between 13 August 2021 and 6 March 2022. During 

this time, standard practices were temporarily revised to rec
ommend cultures every 48 hours for continuously febrile but 
hemodynamically stable patients. Standard treatment for FN 
and antimicrobial prophylaxis protocols are described in the 
Supplementary materials.

Statistical Analysis

The primary outcome was new BSI after FN day 3, defined as a 
binary variable for presence or absence of BSI onset for each 
day with blood cultures collected after FN day 3; >1 new BSI 
after FN day 3 per patient could be included. Patients without 
any blood cultures collected after FN day 3 were excluded from 
analyses of the frequency of and risk factors for new BSIs after 
FN day 3. Prespecified candidate risk factors were limited due 
to few BSI events after FN day 3 but included (1) hospital-onset 
FN (FN onset >2 days after admission), a previously reported 
risk factor for BSI in FN [23]; (2) FN onset in the peri-HCT pe
riod (from day −7 to day +30; corresponding to conditioning 
through pre-/early engraftment); and (3) presence of a mucosal 
barrier injury (MBI)–associated organism in a blood culture 
from FN days 1–3, chosen as a possible marker of mucositis. 
MBI-associated organisms were defined per the National 
Healthcare Safety Network (NHSN) 2019 organisms list [24].

To estimate associations between candidate risk factors and 
new BSI after FN day 3, we used logistic regression with gener
alized estimating equations (GEEs) to account for correlation 
among multiple blood culture days on which new BSI after 
FN day 3 was measured within the same patient. These models 
used an independence working correlation and weighting to 
accommodate informative cluster size; additional details, in
cluding multivariable model selection, are described in the 
Supplementary materials.

To assess outcomes associated with new BSIs after FN day 3, 
we computed the 30-day mortality rate using FN day 4 as time 
zero, with survival time defined as the number of days from FN 
day 4 to either death or censoring 30 days after FN day 4, 
whichever came first. We constructed Kaplan-Meier curves to 
illustrate timing of deaths within this period. To estimate asso
ciations between new BSIs after FN day 3 and the mortality rate, 
we used Cox proportional hazards models with a time- 
dependent covariate for new BSI after FN day 3 and adjustment 
variables for age, acute myeloid leukemia versus other diagnos
es, and duration of FN (time dependent). Additional model de
tails are described in the Supplementary materials. Analyses 
were performed using STATA SE software, version 18.0.

RESULTS

Patient and FN Episode Characteristics

Among 1792 patients with 3222 FN episodes during the study 
period, 620 patients with 620 FN episodes were included 
(Figure 1). The median age was 57 years, and 382 patients 
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Table 1. Baseline Patient Characteristics

Patient Characteristic

Patients, No. (%)a

No Blood Cultures After  
FN d 3 (n = 117)

≥1 Blood Culture After  
FN d 3 (n = 503)

Total Cohort 
(N = 620)

Age at start of FN episode, median (IQR), y 58 (45–67) 57 (40–65) 57 (40–65)

Sex

Male 72 (61.5) 310 (61.6) 382 (61.6)

Female 45 (38.5) 193 (38.4) 238 (38.4)

Race

White 90 (76.9) 380 (75.5) 470 (75.8)

Asian 15 (12.8) 59 (11.7) 74 (11.9)

Black or African-American 5 (4.3) 19 (3.8) 24 (3.9)

American Indian or Native Alaskan 3 (2.6) 8 (1.6) 11 (1.8)

Native Hawaiian or Pacific Islander 1 (0.9) 8 (1.6) 9 (1.5)

Other 0 (0.0) 7 (1.4) 7 (1.1)

Multiple races 3 (2.6) 11 (2.2) 14 (2.3)

Declined to answer 0 (0.0) 11 (2.2) 11 (1.8)

Ethnicity

Hispanic or Latino/a or Latinx 9 (7.7) 50 (9.9) 59 (9.5)

Not Hispanic or Latino/a or Latinx 107 (91.5) 448 (89.1) 555 (89.5)

Declined to answer or unable to collect 1 (0.9) 5 (1.0) 6 (1.0)

Diagnosis at FN start

Leukemia 55 (47.0) 254 (50.5) 309 (49.8)b

MDS/MPN 23 (19.7) 41 (8.2) 64 (10.3)c

Lymphoma 18 (15.4) 114 (22.7) 132 (21.3)

MM/other plasma cell disorder 13 (11.1) 53 (10.5) 66 (10.6)

Other hematology diagnosesd 1 (0.9) 5 (1.0) 6 (1.0)

Solid tumor 7 (6.0) 36 (7.2) 43 (6.9)

HCT/CAR T-cell therapy status at FN starte

No HCT/no CAR T-cell therapy 59 (50.4) 255 (50.7) 314 (50.6)

≥1 HCT/no CAR T-cell therapy 48 (41.0) 199 (39.6) 247 (39.8)

No HCT/≥1 CAR T-cell therapy 8 (6.8) 35 (7.0) 43 (6.9)

≥1 HCT/≥1 CAR T-cell therapy 2 (1.7) 14 (2.8) 16 (2.6)

Timing of FN start

FN start before admission 6 (5.1) 42 (8.3) 48 (7.7)

FN start same day as admission 37 (31.6) 148 (29.4) 185 (29.8)

FN start after admission 74 (63.2) 313 (62.2) 387 (62.4)

Time from FN start to admission date, among patients admitted after FN start, median 
(IQR), d

1 (1–1) 1 (1–1) 1 (1–1)

Time from admission date to FN start, among patients admitted before FN start, median 
(IQR), d

8 (3–14) 9 (4–12) 9 (4–12)

FN duration, median (IQR; range), d 4 (4–4; 4–7) 6 (4–7; 4–43) 5 (4–7; 4–43)

No. of blood culture bottles collected during FN, median (IQR; range) 8 (6–10; 2–18) 16 (10–20; 2–80) 12 (8–18; 2–80)

Candidate risk factors for new BSI after FN d 3

Hospital-onset FN (FN start >2 d after hospital admission)

No 57 (48.7) 243 (48.3) 300 (48.4)

Yes 60 (51.3) 260 (51.7) 320 (51.6)

FN episode started during peri-HCT period (d −7 to d +30)

No 76 (65.0) 327 (65.0) 403 (65.0)

Yes 41 (35.0) 176 (35.0) 217 (35.0)
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(62%) were male. The most common underlying diagnosis was 
leukemia (309 patients [50%]), followed by lymphoma (132 pa
tients [21%]). At FN onset, 306 patients (49%) had received an 
HCT and/or CAR T-cell therapy (Table 1).

Among the 620 FN episodes, the median duration was 5 days 
(interquartile range, 4–7 days) and the median number of 

blood culture bottles collected per episode was 12 (8–18). 
Among 537 patients with ≥1 blood culture collected on FN 
day 1, 133 (25%) had ≥1 positive blood culture on that day 
(Figure 2), and 25 of 133 (19%) had a follow-up blood culture 
on a later FN day in which an organism grew that had been pre
viously isolated on FN day 1. On FN days 2–9, when ≥30 

Figure 2. Bar chart summarizing blood culture results among the total cohort of 620 patients by day of febrile neutropenia (FN). The table summarizes the total number of 
patients with FN per day (FN episode duration, 4–43 days), the number of patients with ≥1 blood culture collected on each FN day, the number and percentage of patients per 
FN day with a new organism growing in blood culture (defined as an organism not isolated in any blood cultures from an earlier day within the same FN episode), and the 
number and percentage of patients per FN day with an organism growing in blood culture that was isolated on a previous day of the same FN episode. The percentage of 
patients with a new or previously isolated organism per FN day was calculated only for FN days on which ≥30 patients had ≥1 blood culture collected.

Table 1. Continued

Patient Characteristic

Patients, No. (%)a

No Blood Cultures After  
FN d 3 (n = 117)

≥1 Blood Culture After  
FN d 3 (n = 503)

Total Cohort 
(N = 620)

MBI-associated organism in a blood culture on FN d 1–3

No 107 (91.5) 420 (83.5) 527 (85.0)

Yes 10 (8.5) 83 (16.5) 93 (15.0)

.Abbreviations: BSI, bloodstream infection; CAR, chimeric antigen receptor; FN, febrile neutropenia; HCT, hematopoietic cell transplant; IQR, interquartile range; MBI, mucosal barrier injury; 
MDS, myelodysplastic syndrome; MM, multiple myeloma; MPN, myeloproliferative neoplasm.
aData represent no. (%) of patients unless otherwise noted.
bAmong these 309 patients, 214 had acute myeloid leukemia, and 54 had acute lymphoid leukemia. The remaining 41 patients had chronic lymphoid leukemia, chronic myeloid leukemia, or 
other acute leukemia.
cForty-nine patients had MDS, and 15 had MPN.
dIncluding aplastic anemia, hemophagocytic lymphohistiocytosis, sickle cell disease, and amyloidosis.
ePatients were considered HCT and/or CAR T-cell therapy recipients at the time of FN start if the FN start date was on or after day 0 of HCT and/or CAR T-cell therapy.
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patients had a blood culture collected, the proportion of pa
tients per FN day with ≥1 new organism detected was 
1%–4% and the proportion with a previously isolated organism 
was 0%–5% (Figure 2).

New Organisms in Blood Cultures After FN Day 3

Thirty-one new organisms were identified in positive blood 
cultures after FN day 3 among 25 patients. Of these new organ
isms, 19 (61%) were gram positive, 9 (29%) were gram negative, 
and 3 (10%) were yeast. Overall, 8 of 31 new organisms (26%; 7 
coagulase-negative Staphylococci and 1 Bacillus species) were 
determined to be contaminants; 5 of 8 patients received treat
ment with vancomycin that they may not have otherwise re
ceived. The remaining 23 new organisms were predominantly 
gastrointestinal commensals (Supplementary Table 1).

New BSI After FN Day 3

Overall, 503 patients who had a total of 1110 blood culture col
lection days after FN day 3 were eligible for assessment of new 
BSIs after FN day 3 (Figure 1 and Table 1). The median number 
of days with blood cultures collected after FN day 3 per patient 
was 1 (range, 1–20 days). Of the 503 patients, 34 (7%) had ≥1 

positive blood culture after FN day 3, and 25 (5%) had ≥1 new 
organism isolated. After exclusion of contaminants, 19 of 503 
patients (4%) had a new BSI after FN day 3, including 1 patient 
with 2 separate BSIs with onset after FN day 3. Onset of 
BSI occurred on 20 of 1110 culture collection days (2%) after 
FN day 3.

Tachycardia and/or tachypnea preceded most of the 20 new 
BSIs after FN day 3, whereas hypotension preceded only 1 
(Table 2). While patients were assessed as unstable or possibly 
unstable by ≥1 reviewer in 12 of 20 BSIs (60%), there was het
erogeneity in reviewer assessments, with agreement of overt 
clinical instability by both reviewers in 3 of 20 BSIs (15%) diag
nosed after FN day 3 (Supplementary Table 2). Two of 20 BSIs 
diagnosed after FN day 3 were detected immediately after an 
FN skip day (Supplementary Figure 1). Gastrointestinal tract 
translocation and/or central venous catheters were the most 
common suspected sources of infection (Supplementary 
Table 3).

New BSI after FN day 3 was less common among patients 
with FN onset in the peri-HCT period compared with other pa
tients (0.9% vs 2.2% of culture days; Table 3). In a multivariable 
GEE logistic regression model, patients with FN onset in the 
peri-HCT period had significantly lower odds of new BSI after 
FN day 3 than patients whose FN episode did not start in this 
time window (odds ratio, 0.18 [95% confidence interval (CI), 
.04–.71]; P = .01).

30-Day All-Cause Mortality Rate

Thirty-six of 503 patients died within 30 days after FN day 3 
(7.2% [95% CI, 5.2%–9.8%]; Supplementary Figure 2); 4 of 36 
deaths were among patients with a new BSI after FN day 
3. One death was attributable to sepsis from the new BSI after 
FN day 3; the other 3 deaths were not directly related to new BSI 
after FN day 3. With adjustment for age, acute myeloid leuke
mia diagnosis, and FN duration, a Cox proportional hazards 
model estimated new BSI after FN day 3 was associated with 
a significantly increased 30-day mortality rate (hazard ratio, 
3.22 [95% CI, 1.12–9.25]; P = .03) (Table 4).

DISCUSSION

In a cohort of >500 patients with persistent FN, new BSIs after 
FN day 3 were identified in 4% of patients and on 2% of days 
with cultures collected. FN onset in the peri-HCT period 
(day −7 to day +30) was associated with 80% lower odds of a 
new BSI after FN day 3. Among new organisms in blood cul
tures after FN day 3, 26% were contaminants, with more than 
half leading to excess vancomycin use, highlighting the impor
tance of diagnostic stewardship in this population. While new 
BSIs after FN day 3 were rare, they were associated with an in
creased 30-day all-cause mortality rate. Most deaths were not 
directly attributable to the index BSI, suggesting that these 

Table 2. Clinical Parameters Observed With New Bloodstream 
Infections After Febrile Neutropenia Day 3

Parameter
BSIs, No. (%) 

(n = 20)

SBP ≤90 mm Hg within 8 h before BSI

No 19 (95.0)

Yes 1 (5.0)

Pulse rate ≥100/min within 8 h before BSI

No 6 (30.0)

Yes 14 (70.0)

Respirations ≥22/min within 8 h before BSI

No 8 (40.0)

Yes 12 (60.0)

Lactate elevated within 8 h before BSI

No (or lactate value not available) 19 (95.0)

Yes 1 (5.0)

Patient already admitted to ICU at BSI onset

No 17 (85.0)

Yes 3 (15.0)

Patient transferred to ICU within 24 h before or after 
BSI onset

No 18 (90.0)

Yes 2 (10.0)

Change in mental status within 8 h before BSIa

No 17 (85.0)

Yes 3 (15.0)

Abbreviations: BSI, bloodstream infection; ICU, intensive care unit; SBP, systolic blood 
pressure.
aAlthough the overall percentage of BSIs with or without change in mental status was 
identical between the 2 reviewers, there was not 100% agreement between the 2 
reviewers at the individual BSI-patient level. Adjudication by a third reviewer was not 
performed in this case, given the difficulty of assessing for an acute change in mental 
status by retrospective record review.
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late infections may be a marker for a worse short-term 
prognosis.

To our knowledge, this is the largest cohort study examining 
diagnostic utility of repeat blood cultures in persistent FN, and 
it corroborates existing literature demonstrating <5% yield of 
repeat blood cultures for detecting new pathogens [4–13]. 
However, assessment of risk factors for positive repeat blood 
cultures in FN has been limited by small sample sizes in several 
previous studies [4, 6, 8–12].

We observed a reduced risk of new BSIs after FN day 3 
among patients with FN onset in the peri-HCT period, com
pared with patients with FN onset outside the peri-HCT period 
and non-HCT recipients. This finding could be explained by 
differences in standard blood culturing practices at our center, 
as HCT/CAR T-cell therapy recipients typically have repeat 
cultures daily, whereas culture frequency is per clinician 

discretion for non–HCT/CAR T-cell therapy recipients with 
FN. We also speculate that patients with persistent FN outside 
the peri-HCT period may be more likely to have a higher bur
den of active cancer (eg, due to newly diagnosed or relapsed 
disease) or other comorbid conditions associated with delayed 
neutrophil engraftment, which may modulate BSI risk.

New BSIs after FN day 3 were also associated with an in
creased 30-day all-cause mortality rate. However, a causal rela
tionship is not clear, as only 1 death was directly attributable to 
new BSI after FN day 3, and our model could be affected by 
confounding, given the limited number of covariates we were 
able to include. We hypothesize that these BSI events may pri
marily be an indicator of patients with poor prognosis, and this 
association alone should not justify more frequent culturing in 
these patients. Additional studies are needed to further charac
terize the BSI-related mortality rate in FN.

We observed a slightly greater frequency of new BSI after FN 
day 3 for patients with hospital-onset FN, but this difference 
was not statistically significant. Rosenblum et al [23] found 
hospital-onset FN was a risk factor for a positive repeat blood 
culture in pediatric patients with FN.

We hypothesized that severe mucositis may increase the risk 
of new BSIs after FN day 3 due to translocation of gut microbes 
into the bloodstream [25]. Although we postulated that bacter
emia from an MBI-associated organism during FN days 1–3 
may be a surrogate marker for mucositis, this was not a signifi
cant risk factor in our model. While some studies found that 
recent BSI was a risk factor for a positive repeat culture in 
FN [10, 23], another study including HCT recipients with 
BSI within 24 hours of FN onset demonstrated a low yield of 
follow-up blood cultures [12]. Further studies are needed to un
derstand whether prior BSI affects the risk of subsequent BSI 
during FN.

Whereas several prior studies concluded that clinical insta
bility predicts BSI in FN [4, 5, 8], we observed that new BSI after 
FN day 3 was often not preceded by overt clinical instability. Two 

Table 3. Generalized Estimating Equation Logistic Regression Model Estimates for Associations With New Bloodstream Infection After Febrile 
Neutropenia Day 3

Candidate Risk Factor
New BSIs After FN d 3/Total  

Blood Culture Days (%)

Univariable Models Multivariable Model

OR (95% CI) P Value OR (95% CI) P Value

Hospital-onset FN (FN start >2 d after hospital admission)

No 8/576 (1.4) 1.00 (Ref) … 1.00 (Ref) …

Yes 12/534 (2.3) 1.72 (.52–5.72) .38 2.79 (.80–9.70) .11

FN start during peri-HCT period (d −7 to d +30)

No 17/785 (2.2) 1.00 (Ref) … 1.00 (Ref) …

Yes 3/325 (0.9) .26 (.07–1.00) .05 .18 (.04–.71) .01

MBI-associated organism in blood culture on FN d 1–3

No 15/865 (1.7) 1.00 (Ref) … … …

Yes 5/245 (2.0) 0.70 (.23–2.07) .52 … …

Abbreviations: BSI, bloodstream infection; CI, confidence interval; FN, febrile neutropenia; HCT, hematopoietic cell transplant; MBI, mucosal barrier injury; OR odds ratio; Ref, reference.

Table 4. Cox Model Estimates for Associations Between Clinical 
Parameters and 30-Day Mortality Rate

Covariate

Multivariable Model

Adjusted HRa

(95% CI) P value

Age at FN onset

≤65 y 1.00 (Ref) …

>65 y 2.36 (1.20–4.65) .01

Diagnosis

Other than AML 1.00 (Ref) …

AML 1.00 (.51–1.99) .99

New BSI After FN d 3b

No 1.00 (Ref) …

Yes 3.22 (1.12–9.25) .03

Duration of FN episode (for each 1-d increase)b 1.14 (1.04–1.25) .006

Abbreviations: AML, acute myeloid leukemia; BSI, bloodstream infection; CI, confidence 
interval; FN, febrile neutropenia; HR, hazard ratio; Ref, reference.
aModel is adjusted for all variables shown in the table.
bModeled as a time-dependent covariate.
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investigators reviewed records and found that hypotension, ele
vated lactate levels, and ICU transfer were uncommon, leading 
up to the detection of new BSI after FN day 3, with heterogeneity 
in overall assessments of clinical instability. These findings sug
gest that traditional markers of sepsis and provider assessment 
may not reliably identify patients with new BSI in persistent 
FN, though conclusions are limited by the lack of a comparator 
group. The presence of chills has been associated with BSI in FN 
[6], but we were unable to assess this retrospectively.

Based on these findings, our center is revising standard blood 
culturing practices to reduce frequency of routine cultures in 
clinically stable patients beyond FN day 3, emphasizing instead 
that the collection of repeat cultures should be guided by 
changes in patient clinical status, even if these signs may be 
subtle. Development of machine learning prediction tools for 
BSI in patients who are immunocompromised [26] and novel 
diagnostics—such as metagenomic next-generation sequencing 
and host-response profiling to distinguish between infectious 
and noninfectious causes of fever [27, 28]—are important areas 
for future study and may further inform blood culture steward
ship and empiric antimicrobial therapy.

This study had several limitations. First, the retrospective de
sign is inherently subject to confounding and is limited by a 
fixed sample size. In addition, we may have underestimated 
the frequency of new BSIs after FN day 3, as cultures were 
not collected on all FN days and we excluded patients with 
moderate neutropenia (ANC, 501–1000 cells/µL). Although 
FN definitions vary, our ANC threshold of ≤500 cells/µL is 
used in published guidelines [3], and allowing isolated skip 
days within FN episodes likely increased our ability to detect 
clinically significant BSIs. The relative rarity of the primary out
come limited the number of covariates that could be included 
in the multivariable GEE model and thus limited our assess
ment of other potential risk factors for BSI after FN day 
3. Our model also assumed that any FN days without cultures 
collected occurred at random, but this is likely not true in prac
tice, due to differences in culturing guidelines for HCT/CAR 
T-cell therapy recipients versus non–HCT/CAR T-cell therapy 
recipients at our center, temporary modifications to guidelines 
during the blood culture bottle shortage during the study peri
od, and lower likelihood that cultures were ordered on FN skip 
days than on other FN days. Finally, this was a single-center 
study, which may limit its generalizability to other centers, 
where antibacterial prophylaxis and empiric antibiotics for 
FN as well as local microbiology and resistance patterns may 
differ [29].

In conclusion, we observed a limited yield of repeat blood 
cultures in persistent FN with a low rate of new organisms iso
lated from cultures after FN day 3. A quarter of these new or
ganisms represented contaminants and often resulted in 
excess antibiotic exposure. Opportunities exist to improve 
blood culture stewardship in FN, particularly among patients 

with FN in the peri-HCT period, who had significantly lower 
odds of new BSI after FN day 3. Although rare, new BSI after 
FN day 3 was associated with an increased 30-day mortality 
rate. Further studies are needed to determine the optimal fre
quency of repeat blood cultures in FN, in addition to the impact 
on antibiotic utilization and the role of novel prediction and di
agnostic tools in the management of these patients.
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