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The role of follow-up blood cultures (FUBCs) in gram-negative 
bloodstream infections to improve clinical outcomes remains 
controversial, especially among immunocompromised patients. 
Among 139 patients, FUBCs were common (117, 84.2%); how-
ever, positive FUBCs were rare (3, 2.6%). Only presence of fever 
was associated with a positive FUBC.
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To document clearance, routine follow-up blood cultures 
(FUBCs) are strongly recommended for Staphylococcus au-
reus and Candida spp. bloodstream infections (BSIs) [1, 2]. 
Conversely, the importance of FUBC in gram-negative (GN) 
BSIs remains an area of clinical debate, as GN BSI is often 
transient and resolves rapidly with appropriate antimicrobial 
therapy [3]. Previous studies are conflicting in their findings, 
demonstrating either improved clinical outcomes or limited di-
agnostic yield and no improvement for patients where FUBCs 
are obtained [4–8].

A scoping review of blood culture collection practices in im-
munocompetent adult patients highlighted the lack of guidance 
on appropriate indications for obtaining blood cultures and 
the downstream impact of unnecessary FUBCs [9]. Obtaining 
FUBCs is not benign; not only do they cause patient discom-
fort, they may result in isolation of skin contaminants, which 
are often nonpathogenic but lead to unnecessary antibiotic ini-
tiation, consequent adverse events, increased length of hospital 

stay (LOS), and erroneous documentation of central line–asso-
ciated bloodstream infections (CLABSIs) [6, 10, 11]. With these 
considerations in mind, the need for diagnostic stewardship 
interventions for GN BSI is apparent [12].

Patients with risk factors for persistent GN BSI, such as crit-
ical illness, persistent fever, infection with multidrug-resistant 
organisms (MDROs), end-stage renal disease (ESRD), or im-
munocompromised status, may still benefit from FUBCs [6, 
13–15]. FUBCs may be warranted to improve clinical out-
comes, but the current body of evidence remains conflicted. 
Immunocompromised patients are vulnerable to increased 
infection risk with MDROs and have frequent febrile epi-
sodes that result in repeated culturing and antibiotic exposure 
[16–18]. As such, immunocompromise is one of the most com-
monly reported risk factors for persistent GN BSI. Our objec-
tive was to evaluate the incidence and positivity of FUBCs as 
well as associated clinical outcomes in immunocompromised 
patients with GN BSI.

METHODS

This was a retrospective observational cohort of adult (age >18 
years), immunocompromised patients treated for confirmed 
GN BSI between January 2019 and December 2020 at University 
of Maryland Medical Center (Baltimore, MD, USA). Confirmed 
GN BSI was defined as at least 1 blood culture positive for at 
least 1 GN organism on gram stain. Blood cultures with concur-
rent gram-positive or fungal organisms were excluded. GN or-
ganisms were identified and antibiotic susceptibility testing was 
completed using the Verigene Gram-Negative Blood-Culture 
Test (Luminex Corporation) and Vitek MS/Vitek2 (bioMerieux, 
Inc.). The study was approved by the University of Maryland 
Baltimore Institutional Review Board with a waiver of informed 
consent.

Immunocompromised status was defined as active hemato-
logic or solid tumor malignancy at the time of BSI diagnosis, 
or history of hematopoietic stem cell transplantation (HSCT) 
or solid organ transplantation (SOT). FUBCs were defined as 
blood cultures drawn between 24 hours and 7 days from index 
blood culture, within the same hospital encounter. Positive 
FUBCs was defined as an FUBC with a GN organism identified. 
MDRO was defined as resistance to >1 antibiotic class. Fever 
at the time of FUBC was defined as a single measurement of 
>38.3°C or 38.0°C over 1 hour. Clinical end points included ex-
tension of planned antibiotic duration, post-BSI LOS, and in-
patient all-cause mortality. The planned antibiotic duration was 
determined by review of the primary team’s progress and in-
fectious diseases (ID) consult notes. Post-BSI LOS was defined 
as the length of stay after index positive blood culture. Clinical 

Received 3 January 2022; editorial decision 28 March 2022; accepted 13 April 2022; published 
online 15 April 2022.

Correspondence: Kimberly C. Claeys, PharmD, Pharmacy Practice and Science, 20 N Pine St 
N423, Baltimore, MD 21230 (kclaeys@rx.umaryland.edu).

Open Forum Infectious Diseases®2022
© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the 
work, in any medium, provided the original work is not altered or transformed in any way, and that 
the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/ofid/ofac173

B R I E F  R E P O R T

Open Forum Infectious Diseases

https://orcid.org/0000-0001-6895-604X
mailto:kclaeys@rx.umaryland.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


2 • OFID • BRIEF REPORT

and microbiological data were extracted from electronic health 
records and managed in REDCap [19].

Descriptive statistics, including frequencies for categorical 
variables and means (SDs) or medians (interquartile ranges 
[IQRs]) for continuous data, were used to summarize baseline 
characteristics. Between-group comparisons were made based 
on FUBC status (FUBC vs no FUBC) and FUBC outcome (pos-
itive FUBC vs negative FUBC). For categorical variables, the 
chi-square or Fisher exact test was used as appropriate. For con-
tinuous variables, the Student t test or Mann Whitney U test 
was used based on normality. All statistical tests were evaluated 
at an a priori alpha of .05. Statistical analysis was performed 
using SPSS, version 25 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 139 patients with GN BSI were included, with a mean 
(SD) age of 57 (15) years, and 89 (64%) were male. Patients were 
divided among SOT (43, 30.9%) and hematologic malignancy 
(43, 30.9%), followed by HSCT (41, 29.5%), then solid tumor 
(12, 8.6%). All patients post-HSCT had an underlying hemato-
logic malignancy, except for 1 solid tumor. The most common 
sources of GN BSI were intraabdominal (ie, abscess, biliary 
tract infection, enterocolitis, diverticulitis, pancreatitis, perito-
nitis), followed by genitourinary. The median time to GN BSI 
onset from hospital admission (IQR) was 9 (0–14) days, and 85 
(61.2%) were hospital-acquired. The most common organisms 
identified included Escherichia coli, Pseudomonas aeruginosa, 
and Klebsiella pneumoniae (Figure 1). Among all organisms, 23 
(6.5%) were MDRO. All patients had ID consultation at the time 
of GN BSI. There was a lack of source control in 22 (44%) out 

of 50 cases where source control could presumably be pursued 
and/or achieved (ie, catheter/line).

Follow-up blood cultures were collected in 117 (84.2%) pa-
tients. There was no difference in frequency of FUBC based on 
location of care, type of immunosuppression, or source of BSI 
(Table 1). Factors that were associated with acquisition of FUBC 
included history of MDRO surveillance culture (30.8% vs 9.1%; 
P = .038) and absence of central line (70.1% vs 50%; P = .084). 
The clinical outcomes of those with vs without FUBCs obtained 
were different. Patients with FUBCs more frequently had an-
tibiotic durations extended beyond the original planned dura-
tion (7.8% vs 0%). Those with FUBCs also had a longer median 
(IQR) post-BSI LOS compared with those without FUBCs (10 
[5–17] vs 4.5 [2–12.5] days; P = .01). Inpatient all-cause mor-
tality was not different (6.5% vs 4.5%; P = .732).

Among the 117 patients with FUBCs obtained, positive 
FUBCs occurred in 3 (2.6%) cases. FUBCs were positive 
with the same GN organism (2 E. coli and 1 K. pneumoniae) 
and were collected within 24 hours of the index blood cul-
tures. Time to documented culture clearance was 1.5, 3, and 
4 days, respectively. Additionally, 1 patient had a BSI caused 
by vancomycin-resistant enterococci isolated from an FUBC. 
Compared with patients with negative FUBCs, the 3 patients 
with positive FUBCs were less likely to have central lines 
(25.0% vs 71.6%; P = .079) and more likely to be febrile at the 
time of FUBC collection (66.7% vs 6.1%; P = .006). Inpatient 
mortality was not significantly different but was numerically 
higher among those with positive FUBCs (33.3% vs 5.3%; 
P  =  .17). Median (IQR) post-BSI LOS did not differ among 
those with positive vs negative FUBCs (9.3 [4.4–14.8] vs 8.6 
[3.5–15.9] days; P = .811).

DISCUSSION

FUBCs were commonly performed up to 7 days after index pos-
itive blood cultures but yielded a positive result in only 3 cases. 
The presence of fever at the time of FUBC was significantly as-
sociated with identification of GN organisms on FUBC. This 
association was not identified in immunocompetent hosts in 
the scoping review conducted by Fabre et al. [9].

The results of our study parallel those previously reported in a 
similar population with oncologic malignancies [20]. Although 
the frequency of FUBCs was higher in our study (84% vs 67%), 
Clemmons et al. also found FUBCs to be associated with in-
creased LOS and antibiotic durations. Also, fever at the time of 
FUBC was not associated with positivity; however, neutropenic 
patients were less likely to have positive FUBCs when control-
ling for fever. Our definition of FUBCs was more reflective of 
previous definitions, which included cultures collected between 
24 hours and 7 days of index positive culture, while theirs was 
limited to cultures collected within 72 hours of index culture. 
Therefore, it is possible that we captured more FUBCs as a re-
sult of our definition, as opposed to differing FUBC practices. 
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Figure 1. Microbiologic distribution of index blood cultures. aEnterobacter 
hormaechei, Citrobacter spp., Klebsiella variicola, Morganella morganii, Pantoea 
spp., Pluralibacter (Enterobacter) gergoviae, Raoultella (Klebsiella) planticola, 
Stenotrophomonas maltophilia.
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Notably, FUBC positivity was lower in our study compared with 
theirs (2.6% vs 9%).

The probable or definitive sources in in our study were among 
intraabdominal syndromes that vary in complexity and ability 
to achieve source control. Uncomplicated intraabdominal syn-
dromes (appendicitis, cholecystitis, etc.) are amenable to med-
ical management. Urinary tract infections are also common 
and may not necessitate FUBCs, a notion that was suggested 
by Fabre et al. in immunocompetent patients [9]. However, 
neutropenic patients with mucositis/enterocolitis and ongoing 
gut translocation are at risk for BSI and may not meet criteria 
for uncomplicated BSI [21, 22]. Evaluation on a larger scale is 
needed in order to draw more definitive conclusions.

We were limited by our small sample size and retrospective 
design. We were unable to assess whether subsequent blood 
cultures were purely driven by intent to document clearance. 
As the incidence of fever at the time of FUBC was low, it ap-
pears that nursing protocols for neutropenic fever episodes had 
minimal impact. Of note, we documented fever incidence only 
among those with FUBCs. Lastly, we did not assess potential 
harms associated with routine FUBCs in this patient popula-
tion, which is valuable to discerning diagnostic benefit vs harm.

Although FUBCs were frequently collected in immuno-
compromised patients with GN BSI, positive FUBCs were 
uncommon. Previous studies have identified immunocompro-
mised status as a risk factor for persistent GN BSI; however, we 
found a low FUBC positivity rate. Further work is needed to 
better ascertain the clinical utility of FUBCs in immunocom-
promised hosts and to develop diagnostic stewardship interven-
tions to limit unnecessary culturing.
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 FUBC (n = 117) No FUBC (n = 22) P Value 
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