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Abstract

Objectives: Concern for late detection of bacterial pathogens is a barrier to early de-escalation efforts. The purpose of
this study was to assess blood, respiratory and urine culture results at 72 h to test the hypothesis that early negative culture
results have a clinically meaningful negative predictive value.

Methods: We retrospectively reviewed all patients admitted to the medical intensive care unit between March 2012 and
July 2018 with blood cultures obtained. Blood, respiratory and urine culture results were assessed for time to positivity,
defined as the time between culture collection and preliminary species identification. The primary outcome was the negative
predictive value of negative blood culture results at 72h. Secondary outcomes included sensitivity, specificity, positive
predictive value and negative predictive value of blood, respiratory and urine culture results.

Results: The analysis included 1567 blood, 514 respiratory and 1059 urine cultures. Of the blood, respiratory and urine
cultures ultimately positive, 90.3%, 76.2% and 90.4% were positive at 72h. The negative predictive value of negative 72-h
blood, respiratory and urine cultures were 0.99, 0.82 and 0.97, respectively. Antibiotic de-escalation had good specificity,
positive predictive value and negative predictive value for finalized negative cultures.

Conclusion: Negative blood and urine culture results at 72h had a high negative predictive value. These findings have
important ramifications for antimicrobial stewardship efforts and support protocolized re-evaluation of empiric antibiotic
therapy at 72 h. Caution should be used in patients with clinically suspected pneumonia, since negative respiratory culture
results at 72 h were weakly predictive of finalized negative cultures.

Keywords
Ciritical care/emergency medicine, infectious diseases antimicrobial stewardship, de-escalation, time to positivity, blood cultures

Date received: 22 April 2021; accepted: 2 August 2021

results or results complicated by prior antibiotic administra-
tion and concern for late detection of bacterial pathogens).!3
While current laboratory standards recommend a 5-day

Introduction

Unnecessary broad-spectrum antibiotics increase adverse
events in critically ill patients.' Antibiotic de-escalation is
well-documented as both safe and effective;> a retrospec-
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tive study of patients with sepsis and septic shock found that
de-escalation of empiric antibiotics was associated with
lower mortality.! Mechanisms of this mortality benefit may
include that clinically appropriate antibiotic de-escalation
decreases selective pressure for multi-drug resistant organ-
isms and reduces antibiotic-related adverse events, including
Clostridioides difficile infection.!""12

Despite the known benefits of streamlining antimicrobial
therapy, several factors prevent timely antimicrobial de-esca-
lation (e.g. clinical status, inconclusive microbiological
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Figure |. Definitions based on culture positivity.

incubation period for blood cultures before finalizing culture
results, approximately 70%-90% of blood cultures are posi-
tive within 48h in a general medical population, creating the
potential for earlier de-escalation.!+1°

Pardo et al.' first assessed time to positivity (TTP) for anti-
microbial de-escalation in a mixed medical population and
observed that culture results at 48h had a 97.3% sensitivity
(Se) and 99.8% negative predictive value (NPV) for finalized
negative cultures. This finding was consistent with previous
results demonstrating that 98% of all aerobic blood stream
infections (BSIs) and 74% of gram-negative BSIs were
detected at 48h.'*!7 A more recent study found that 85.3% of
blood cultures were positive by 24 h.'® These studies lend sup-
port to the safety of the clinical practice of antibiotic de-esca-
lation in clinically stable patients with negative cultures at 48 h
in a general medical population. However, while the findings
from Pardo et al.'> and Lambregts et al.'® demonstrate signifi-
cant potential for antibiotic management in the intensive care
unit (ICU), data derived from non-ICU patients cannot be
extrapolated to critically ill patients. Bacterial pathogens and
resistance patterns in the ICU differ given the high rate of anti-
microbial consumption, burden of intravascular devices and
high frequency of nosocomial infections.!®* Furthermore,
severity of illness makes the consequences of inappropriate
antimicrobial coverage more severe.?! Melling et al.?? assessed
time to first culture positivity for methicillin-resistant
Staphylococcus aureus (MRSA) in blood and respiratory cul-
tures of critically ill patients receiving empiric coverage for
MRSA. Investigators found that 85% of respiratory cultures
and 97.6% of blood cultures ultimately positive for MRSA
were positive at 48 h.?? Despite these data, more information is
needed regarding other sources of infection, including urinary,
as well as resistant pathogens other than MRSA.

The purpose of this study was to assess blood, respiratory
and urine culture results at 72h as a predictor of finalized
negative cultures to test the hypothesis that early negative
culture results have a clinically meaningful NPV in a criti-
cally ill patient population. Given the acuity of the studied
patient population, the 72-h time point was selected in order
to increase the amount of clinical information available and
decrease the likelihood of inappropriate de-escalation.

Methods

Study design

This study was conducted at Augusta University (AU)
Medical Center, a 478-bed academic tertiary care center in
Augusta, Georgia. AU Medical Center has 75 adult critical
care beds divided among the trauma, surgical, medical, neu-
roscience and cardiac ICUs. All patients admitted to the
medical intensive care unit (MICU) between March 2012
and July 2018 who had a blood culture obtained were retro-
spectively reviewed. Blood, respiratory and urine cultures
were reviewed for TTP, defined as the time between culture
collection and preliminary species identification. Growth at
24,48 and 72 h was determined by the presence of any bacte-
rial growth at the predefined time interval (Figure 1). The
study protocol was reviewed and approved by the AU
Medical Center Institutional Review Board (IRB), and the
need for informed consent was waived.

Data collection

A report of all patients admitted to the MICU within the pre-
specified time period was generated using admission orders
to the MICU, and then patients were screened using current
procedural terminology (CPT) charge codes to determine
whether blood cultures were obtained. Patients were included
if they were greater than 18 years of age and admitted to the
MICU between March 2012 and July 2018 with blood cul-
tures drawn. Patients were excluded if they had blood cul-
tures positive for fungi or acid-fast bacilli or a culture isolate
previously identified within a given admission. Multiple epi-
sodes of bacteremia per patient admission were permitted for
distinct isolates. Patients were reviewed in reverse chrono-
logical order until the pre-specified number of blood culture
results was obtained. Respiratory and urine culture data were
derived from the cohort of patients with blood cultures.
Respiratory cultures included bronchoscopic techniques,
blind bronchial sampling and endotracheal aspiration.

The electronic medical record was reviewed to assess
patient demographics, clinical outcomes, and blood, respira-
tory and urine culture data. Patient demographics included
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antibiotic administration prior to culture, clinical criteria for
de-escalation, immune status, length of stay and mortality.
Antibiotic administration was defined as any antibiotic admin-
istration in the 24h prior to drawing blood cultures. Clinical
criteria for de-escalation were defined a priori by the presence
of all of the following at 72 h: negative blood culture, immu-
nocompetent, normothermic (temperature 36-38°C, without
cooling blanket, acetaminophen or non-steroidal anti-
inflammatory drugs in the past 24 h), white blood cell count
4-12 % 103 cells/mcL and decreasing doses of vasopressors or
vasopressor requirement of less than 0.2 mcg/kg/min of nor-
epinephrine or equivalent.”* Patients were deemed immuno-
competent if they had no history of diagnosis of human
immunodeficiency syndrome (HIV), acquired immunodefi-
ciency syndrome (AIDS), anatomic or functional asplenia,
hematologic or solid organ malignancy, history of organ trans-
plant or rheumatologic/autoimmune condition receiving
chronic immunosuppressive therapy. Culture data included
suspected source of infection, pathogen or contaminant based
on documentation in the medical record.

For patients with bacterial growth, bacterial species iden-
tified and TTP were recorded. Bacterial growth at 24, 48 and
72h was determined by assessing the presence of any signs
of bacterial growth on culture at this time. The primary
objective of this study was the NPV of negative blood cul-
ture results at 72h. Secondary objectives included the Se,
specificity (Sp) and positive predictive value (PPV) of nega-
tive 72-h blood, respiratory and urine culture results. The
NPV of culture results at 72h in patients meeting clinical
criteria for de-escalation, and TTP of MRSA, Pseudomonas
aeruginosa, and all other species were also assessed. Time to
growth was defined as the time between culture collection
and the presence of any bacterial growth on culture. TTP was
defined as the time between the culture being obtained and
the time at which the species received preliminary identifica-
tion (e.g. preliminary identification as MRSA) (Figure 1).
Contaminants were defined by positive culture growth deter-
mined by the primary treatment team not to be an infectious
organism as evidenced by documentation in the medical
record or cessation of antibiotic treatment prior to or at the
time of culture finalization. Cultures that were negative at
72h and at finalization were considered true negatives.
Cultures that were negative at 72h but ultimately positive
were considered false negatives.

Microbiology

The BacT/Alert® three-dimensional (3D) automatic blood
culture system was used at the beginning of the study period,
and was later replaced by the BacT/Alert® Virtuo® system
(bioMerieux). Both systems work using colorimetric tech-
nology to detect microbial growth. The BacT/Alert® Virtuo®
system maintains instrument temperature to reduce time to
detection by approximately 20%.2* At the beginning of the
study period, AU Medical Center used the BacT/Alert® FA

FAN (aerobic) and BacT/Alert® FN FAN (anaerobic) culture
media, which were later replaced by the BacT/Alert FA
FAN® (aerobic) and BacT/Alert FN FAN® (anaerobic) cul-
ture media (bioMerieux). The Verigene® system was used
from 2015 onward to rapidly identify gram-positive and
gram-negative organisms. Respiratory and urine cultures
were both plated on blood agar and MacConkey agar; res-
piratory cultures were also plated on Columbia CNA and
chocolate agar. Culture data are updated at regular intervals
until culture finalization and completion of susceptibility
testing.

Statistical analysis

A sample size of 1567 subjects was calculated to estimate the
NPV of 72-h blood culture results to predict finalized nega-
tive cultures. Assumptions included a Se of 90%, Sp of 99%,
prevalence of positive blood cultures of 10%, alpha level of
0.05, power of 80% and a lower bound on the NPV of 95%.!3
Descriptive statistics were calculated for all variables.
Frequencies and percentages were used for categorical vari-
ables and mean values and standard deviations were used for
continuous variables. Two-way tables were used to estimate
Se, Sp, PPV and NPV of growth at 48 and 72h for final
growth for MRSA, P. aeruginosa, non-MRSA/non-P. aer-
uginosa species and all species on all culture types. Se, Sp,
PPV and NPV were also calculated for the subgroup of
patients meeting clinical criteria for de-escalation at 72 h. All
statistical analyses were performed using R version 4.0.2 (R
Core Team, 2020) with reproducible research using R
Markdown (Allaire et al., 2020).>' Confidence intervals for
the median were calculated using DescTools package.

Results

The analysis included a total of 1567 blood, 514 respiratory
and 1059 urine cultures. Of the 206 positive blood cultures,
120 (58.3%) were considered true infection, and 86 (41.7%)
were considered contaminants. Similarly, of 307 positive
respiratory cultures, 34 (11.1%) were considered contami-
nants, and of the 272 positive urine cultures, 43 (15.8%)
were considered contaminants. Cultures that were positive
and considered true infection represented 7.7%, 53.1% and
21.6% of all blood, respiratory and urine cultures analyzed,
respectively.

Patient characteristics

Antibiotics were received prior to blood culture in 36.5% of
patients. Of those receiving antibiotic coverage prior to
blood culture, 51% of patients had coverage for MRSA and
66.3% had coverage for P. aeruginosa. Antibiotics were
received prior to 56.2% of respiratory cultures and 38.9% of
urine cultures. The median TTP for all positive blood cul-
tures was 90h (95% confidence interval (CI)=83-99h), for
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Table I. Patient characteristics.

Patient characteristics

Blood culture Respiratory Urine culture

(n=1567)* culture (n=514) (n=1059)
Demographics
Age, mean (SD) 574 (17.2) 58.1 (15.2) 57.7 (17.2)
Immunocompetent, n (%) 1340 (85.5) 451 (87.7) 895 (84.5)
ICU length of stay (days), median (IQR) 3 (2-6) 3 (7-10) 3 (2-6)
Hospital mortality, n (%) 276 (17.6) 122 (23.7) 197 (18.6)
Cultures
True infection, n (%) 120 (7.7) 273 (53.1) 229 (21.6)
Antibiotics before culture drawn, n (%) Yes 572 (36.5) 289 (56.2) 412 (38.9)
Unknown 246 (15.7) 0 (0) 5 (0.5)
No 749 (47.8) 225 (43.8) 642 (60.6)

SD: standard deviation; ICU: intensive care unit; IQR: interquartile range.
21567 blood cultures obtained from 1300 patients.

Table 2. Growth at different time points by organism for all positive cultures.

Species Culture type

Growth at 24h  Growth at 48h Growth at 72h  Final growth

Pseudomonas aeruginosa, n (%) Blood (n=206)

Respiratory (n=307)

Urine (n=272)

MRSA, n (%) Blood (n =206)

Respiratory (n=2307)

Urine (n=272)
Non-MRSA/non-Pseudomonas aeruginosa, n (%) Blood (n=206)

Respiratory (n=307)

Urine (n=272)

2 (1) 2 (1) 2 (1) 3 (1.5)
0 (0) 3 (1) 18 (5.9) 44 (14.3)
0 (0) 3(L1) 8 (2.9) 12 (4.4)
8 (3.9) 16 (7.8) 18 (8.7) 18 (8.7)
0 (0) 2(0.7) 12 (3.9) 48 (15.6)
0 (0) 0 (0) 0 (0) | (0.4)

93 (45.1) 154 (74.8) 166 (80.6) 185 (89.8)
13 (4.2) 150 (48.9) 204 (66.4) 215 (70)

30 (11) 176 (64.7) 238 (87.5) 259 (95.2)

MRSA: methicillin-resistant Staphylococcus aureus.

urine was 61h (95% CI=59-67h), and for respiratory cul-
tures was 73 h (95% CI=70-78h). Patient characteristics are
represented in Table 1.

Pathogen-specific analysis

Of the blood, respiratory and urine culture results that were
ultimately positive, 90.3%, 76.2% and 90.4% were positive
for preliminary bacterial growth at 72 h. The mean TTP for P,
aeruginosa, MRSA and non-MRSA/non-P. aeruginosa iso-
lates on blood culture was 102.3 +=27.4h, 77.6 = 24.4h and
101.5 = 51h, respectively. The cumulative number of cul-
tures with growth based on organism and culture type is
reported in Table 2. The Se, Sp, PPV and NPV of 72-h blood
and urine culture results for MRSA, non-MRSA/non-P. aer-
uginosa species and any species are reported in Table 3. Due
to the low frequency of P. aeruginosa in blood (n=3) and
urine cultures (n=12) and MRSA in urine cultures (n=1),
there is little confidence in the estimates of Se, Sp, PPV and
NPV for these isolates. For respiratory cultures, P. aerugi-
nosa and MRSA had good Sp and PPV but poor Se and NPV.
For non-MRSA/ non-P. aeruginosa species and any species,
72-h culture results had good Se, Sp, PPV and NPV.

Clinical criteria analysis

Overall, 266 patients (17%) met all of the clinical criteria for
de-escalation. The Se, Sp, PPV and NPV for patients meet-
ing antibiotic de-escalation criteria at 72 h are represented in
Table 4. Antibiotic de-escalation had good Sp, PPV and
NPV, but poor Se for finalized negative cultures. This sug-
gests that meeting criteria for de-escalation at 72h was a
strong predictor of finalized negative cultures; however,
patients with finalized negative cultures did not always meet
the clinical criteria for de-escalation at 72h. Due to the low
frequency of P. aeruginosa isolates in blood and urine cul-
tures and MRSA in urine cultures, there is little confidence in
the estimate of antibiotic de-escalation for these isolates.

Discussion

In the first study to calculate the NPV of negative blood,
respiratory and urine cultures in critically ill patients, nega-
tive blood and urine culture results at 72 h had a high NPV
for finalized negative cultures. Negative respiratory culture
results at 72 h were weakly predictive of finalized negative
cultures; therefore, negative respiratory cultures at 72h
should not guide antimicrobial de-escalation for critically ill
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Table 3. Sensitivity, specificity, positive predictive value and negative predictive value for final growth at 72 h based on culture type.
Species Culture type Se (95% Cl) Sp (95% Cl) PPV (95% Cl) NPV (95% ClI)
Pseudomonas aeruginosa Blood (n=3) 0.67 (0.09-0.99) I (1-1) I (0.16-1) I (1-1)
Respiratory (n=44) 0.41 (0.26-0.57) I (0.99-1) I (0.81-1) 0.95 (0.92-0.97)
Urine (n=12) 0.67 (0.34-0.90) I (I-1) I (0.63-1) I (0.99-1)
MRSA Blood (n=18) 1 (0.80-1) I (I-1) 1 (0.80-1) I (I-1)
Respiratory (n=48) 0.25 (0.14-0.40) 1 (0.99-1) 1 (0.74-1) 0.93 (0.90-0.95)
Urine (n=1) 0.25 (0-0.98) I (1-1) N.D. I (0.99-1)
Non-MRSA/non- Blood (n=185) 0.90 (0.84-0.94) I (0.99-1) 0.99 (0.96-1) 0.99 (0.98-0.99)
Pseudomonas aeruginosa Respiratory (n=215) 0.87 (0.81-0.91) 0.86 (0.81-0.89) 0.82 (0.76-0.86) 0.90 (0.85-0.93)
Urine (n=259) 0.90 (0.85-0.93) 0.99 (0.99-1) 0.98 (0.95-0.99) 0.97 (0.95-0.98)
Any species Blood (n=206) 0.90 (0.85-0.94) 1 (0.99-1) 0.99 (0.96-1) 0.99 (0.98-0.99)
Respiratory (n=307) 0.85 (0.81-0.89) 1 (0.97-1) 1 (0.98-1) 0.82 (0.76-0.86)
Urine (n=272) 0.90 (0.86-0.94) I (1-1) 1 (0.99-1) 0.97 (0.95-0.98)

Se: sensitivity; Cl: confidence interval; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; MRSA: methicillin-resistant Staphylo-

coccus aureus; N.D.: not defined.

Table 4. Sensitivity, specificity, positive predictive value and negative predictive value for patients meeting antibiotic de-escalation

criteria at 72 h based on all culture results (n=266).

Species Se (95% Cl) Sp (95% CI) PPV (95% ClI) NPV (95% CI)
Pseudomonas aeruginosa 0.33 (0.07-0.70) 1 (0.99-1) 1 (0.29-1) 0.98 (0.95-0.99)
MRSA 0.6 (0.26-0.88) 1 (0.99-1) I (0.54-1) 0.98 (0.96-1)
Any species 0.88 (0.79-0.94) 1 (0.98-1) 1 (0.95-1) 0.95 (0.91-0.97)

Se: sensitivity; Cl: confidence interval; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; MRSA: methicillin-resistant Staphylo-

coccus aureus.

patients with suspected pneumonia. Patients with negative
cultures also meeting clinical criteria for de-escalation at
72h had a high Sp, PPV and NPV for finalized negative
cultures. The prevalence of a given disease impacts the posi-
tive and NPVs, whereas Se and Sp are independent of prev-
alence. This may explain the discrepancy between the low
Se and high NPV observed in both the culture results at each
of the pre-specified time periods and in the subgroup of
patients meeting clinical criteria for de-escalation. Despite
the high rate of false negatives, leading to low Se, the NPV
of clinical criteria for de-escalation was high due to an over-
all low prevalence of positive blood (13.4%), respiratory
(59.7%) and urine (25.7%) cultures. The results of this anal-
ysis suggest that little additional microbiologic information
is gained by waiting until culture finalization and supports
de-escalation practices.

For non-MRSA/non-P. aeruginosa and any species, nega-
tive 72-h blood, respiratory and urine culture results had
high Se, Sp, PPV and NPV for finalized negative cultures.
Negative 72-h respiratory cultures had high Se, Sp, positive
and NPV for all species, with the exception of P. aeruginosa
and MRSA, which had poor Se. In addition, the high NPV of
72-h culture results persisted in the subgroup of patients who
met clinical criteria for de-escalation. Together, this informa-
tion suggests that utilizing 72-h culture results to assess for
de-escalation is safe in clinically stable ICU patients.

Critically ill patients require initial broad-spectrum ther-
apy including coverage for MRSA and P. aeruginosa to
ensure appropriate coverage is provided; however, continua-
tion of broad-spectrum therapy is not always warranted and
is associated with adverse events.?>?® Unnecessary antibiotic
exposure has been associated with antimicrobial resistance
and Clostridioides difficile infection.'"'? Epidemiologic
studies indicate an increase in resistance, with up to 17.2%
and 13.7% of Klebsiella and Escherichia coli isolates,
respectively, exhibiting the extended spectrum beta-lacta-
mase phenotype.?’ In a database study of patients with gram-
negative hospital or ventilator-acquired pneumonia, 11.8%
of patients were infected with carbapenem-resistant organ-
isms. This is particularly concerning given the association
between development of multi-drug resistant infections and
an increase in mortality, likely due to an increase in initial
inappropriate therapy.?®?

The high NPV of blood and urine culture results suggests
that enough clinical information exists at 72h to assess for
de-escalation of antibiotics. This conclusion is further
strengthened by the high Sp, PPV and NPV of patients meet-
ing clinical criteria for de-escalation in addition to negative
cultures. The ability to identify true negative cultures prior to
culture finalization has broad implications for antimicrobial
stewardship efforts and supports protocolized re-evaluation
of empiric therapy at 72 h. This timepoint may be useful as a
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set point for antibiotic time outs, an antimicrobial steward-
ship tool which prompts providers to reassess the appropri-
ateness of antibiotic therapy. Indeed, antibiotic time outs are
recommended by both the Centers for Disease Control and
Prevention and The Joint Commission to increase the appro-
priateness of antibiotic prescribing, and the implementation
of formalized antibiotic time outs have been associated with
a decrease in inappropriate antibiotic use in a generalized
medical population.?®-3°

This study has several limitations. This study was pow-
ered based on the rate of all positive culture results, rather
than the rate of positive cultures representing true bacterial
infection. Contaminants were not excluded in order to limit
the introduction of bias due to the retrospective nature of this
review. Over one-third of patients received antibiotics prior
to the culture being obtained, and antibiotic administration
prior to culture was unable to be determined in an additional
15.7% of patients with blood cultures who were transferred
from outside institutions, which can limit pathogen detec-
tion. The inclusion of patients with previous antibiotic expo-
sure may have increased the TTP and decreased the NPV of
negative culture results at 72h. Given the known impact of
previous antibiotic exposure on TTP, patients should be
assessed for previous antibiotic exposure prior to assessing
for de-escalation and longer periods of culture observation
may be warranted.

Very few patients met the clinical criteria for de-escala-
tion as pre-specified in the study design. This is largely
attributable to missing information due to the retrospective
nature of the study. In addition, due to the low number of P
aeruginosa isolates on blood and urine cultures, conclusions
regarding this species were unable to be made. The single-
center design may limit widespread generalizability as time
to blood culture positivity may be impacted by culture media
and instrument type. Institutional changes in laboratory
instrumentation within the study period may have affected
TTP during the study period. The transition from the BacT/
Alert® 3D automatic blood culture system to the BacT/Alert®
Virtuo® may have increased rate of bacterial recovery in the
presence of antibiotics and biased the secondary outcome of
time to positive preliminary identification. Additional demo-
graphic information with respect to severity of illness would
assist in generalizing this information to other patient popu-
lations, including source of bacteremia. Finally, this study
focused on microbiologic criteria and did not assess patient
outcomes or how a protocol based on NPV might impact
antimicrobial stewardship efforts.

Conclusion

Negative blood and urine culture results at 72 h are predictive
of finalized negative cultures in critically ill patients. The
results of this study support evaluation for antimicrobial de-
escalation in critically ill patients who are immunocompetent,
normothermic and on decreasing doses of vasopressors at this

time point. Negative respiratory culture results at 72h were
weakly predictive of finalized negative cultures, and there-
fore, caution should be used in considering de-escalation in
critically ill patients with suspected pneumonia. Further
research evaluating the use of 72-h culture results to assess
for de-escalation on patient outcomes is warranted, with par-
ticular focus on resistant organisms.
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