OBSERVATIONAL STUDY

Prognostic Value of Nucleated RBCs for Patients
With Suspected Sepsis in the Emergency
Department: A Single-Center Prospective

Cohort Study

OBIJECTIVES: Increase of nucleated RBCs in peripheral blood has been shown
to be predictive of mortality in ICU patients. The aim of this study was to explore
the prognostic value of nucleated RBCs in the first blood sample taken at admis-
sion to the emergency department from patients with suspected sepsis.

DESIGN: Single-center prospective cohort study.
SETTING: Emergency department.

PATIENTS: One-thousand two-hundred thirty-one consecutive adult patients
with suspected sepsis were included in a prospective quality register-based co-
hort study. Inclusion criteria were as follows: patients received in rapid response
team with blood cultures taken and immediate antibiotics given in the emergency
department.

INTERVENTION: Not applicable.

MEASUREMENT AND MAIN RESULTS: Nucleated RBCs, Sequential Organ
Failure Assessment score, Quick Sequential Organ Failure Assessment, Charlson
Comorbidity Index, and commonly used laboratory tests measured in the emer-
gency department were compared with 30-day mortality. Nvaucleated RBC
counts were divided into five groups, called “Nucleated RBC score;" according to
nucleated RBC count levels and analyzed with logistic regression together with
the Sequential Organ Failure Assessment score and Charlson Comorbidity Index.
Of the 262 patients with nucleated RBCs equal to or higher than the detection
limit (0.01 x 10%/L), 26% died within 30 days, compared with 12% of the 969
patients with nucleated RBCs below the detection limit (p < 0.0001). Mortality
was significantly higher for each increase in Nucleated RBC score, except from
score 2 to 3, and was 62% in the highest group. In multivariate logistic regres-
sion, odds ratios for 30-day mortality were as follows: Nucleated RBC score:
1.33 (95% CI, 1.13-1.56), Sequential Organ Failure Assessment score: 1.32
(1.29-1.56), and Charlson Comorbidity Index: 1.17 (1.09-1.25).

CONCLUSIONS: Most patients with suspected sepsis in emergency department
had undetectable nucleated RBCs at admission to the emergency department.
However, increased nucleated RBCs significantly predicted 30-day mortality.
Nucleated RBCs may provide additional prognostic information to Sequential
Organ Failure Assessment score and other laboratory tests.

KEY WORDS: emergency department; erythroblasts; hematologic test; mortality;
prognosis; sepsis

lated host response to infection (1). Sequential Organ Failure Assessment
(SOFA) is a quantitative measure of organ dysfunction, using routinely

S epsis is defined as life-threatening organ dysfunction caused by a dysregu-
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measured variables (2). Six organs or organ systems
are included in the score: respiratory, cardiovascular,
coagulation, liver, renal, and CNS. Mortality increases
with increasing SOFA score, both within the specific
organ system and for total SOFA score (3, 4).

Nucleated RBCs (NRBCs) are RBC precursors that
are normally not present at a detectable concentration
in peripheral blood in adults. NRBCs are normally
retained in the bone marrow (5) but may be released
during severe hematopoietic stress and can be detected
in the circulation during compensating hematopoiesis
after severe blood loss or hemolysis (6, 7). However, in
absence of acute anemia, their presence in peripheral
blood appears to reflect pathophysiologic processes in
bone marrow homeostasis. This may be mediated by
hypoxemia and inflammation (8), the latter suggested
by its association with proinflammatory cytokines (9),
but no association with liver or renal failure (10).

Currently, circulating NRBCs can be measured re-
liably by some automated hematology analyzers at
very low concentrations (11), and this development
has opened renewed interest in NRBCs as a potential
prognostic biomarker. Studies have described an as-
sociation between circulating NRBCs and mortality
in ICU patients (10, 12, 13), mortality after hospital
discharge for ICU patients (14), and for mortality in
ICU patients with surgical sepsis (15) and ARDS (16).
However, most of these studies have analyzed the high-
est NRBC value found during the admittance, which
is not necessarily useful as a predictor early in the ad-
mission. We hypothesized that NRBCs measured at a
single time point in the emergency department (ED)
would also be predictive of mortality.

Thus, the aim of this study was to investigate the
prognostic value of circulating NRBCs in patients
with suspected sepsis in the ED and to compare it with
SOFA score, Charlson Comorbidity Index (CCI), and
commonly used laboratory tests.

MATERIALS AND METHODS
Study Design and Participants

In the ED ofan urban university hospital, all adult patients
assessed in sepsis rapid response teams and patients with
possible infections assessed in medical rapid response
teams were consecutively included between May 15,
2017, and June 30, 2020, in a prospective quality register.
As shown in Figure 1, patients 18 years or older with
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severe disease and suspected infection (defined as blood
cultures taken and antibiotics given in the ED) were
included in this study. Only variables from the first re-
corded contact of each patient were included. Mortality
information was collected from the Norwegian National
registry for up to 100 days after admittance; thus, foreign
citizens without a Norwegian national identity number
were excluded as postdischarge mortality could not be
assessed. Incorrectly registered patients, or patients who
had their primary clinical evaluation outside the ED,
were excluded.

Ethics Approval and Consent to Participate

The study was approved by the Regional Committee
for Medical and Health Research Ethics of South-East
Norway (approval number 30652). Informed consent
was waived because of the strictly observational nature
of the study. The sepsis quality register is approved by the
hospital’s Data Protection Official (reference 2017/5382).

Diagnostic Assessments and Outcome

SOFA and Quick SOFA (qSOFA) were calculated
based on the worst values from the first hour in the ED.
The CNS assessment was based on the patients’ actual
Glasgow Coma Scale (GCS), independent of cause. For
example, patients sedated for intubation were scored
to GCS3. The renal assessment was based solely on cre-
atinine, not on urinary output, since the latter required
longer observational time than possible in the ED.
Furthermore, the highest SOFA score during the hos-
pitalization was recorded and used in the classification
of sepsis. Comorbidity was classified with CCI (17).
Based on a post hoc evaluation, the patients were clas-
sified into four categories of 1) no infection, 2) possible
infection but other diagnosis more probable, 3) prob-
able infection, and 4) definite infection confirmed by
microbiological findings (18). Patients classified with
probable or definite infection with a maximum SOFA
score during the hospital stay of greater than or equal
to 2 were classified as confirmed sepsis. The outcome
was 30-day mortality.

Laboratory Measurements

Blood was collected in Vacuette tubes (Greiner Bio
One, Rainbach, Austria) by venipuncture or arterial
cannulas mostly within 15 minutes of arrival at the
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Observational Study

1617 patients in sepsis register

386 excluded:

2 Under 18 years

30 No Norwegian ID number
17 Invalid register inclusion

325 Not started antibiotics in ED
140 No blood cultures in ED

10 First observation i non ED ward
1 Missing value NRBC

1231 suspected sepsis

r
863 sepsis

I
368 not sepsis

203 NRBCs pos. 660 NRBCs neg.
25 % mortality 14 % mortality

59 NRBCs pos. 309 NRBCs neg.
31 % mortality 9.1 % mortality

Figure 1. Inclusion of patients. Confirmed sepsis from post hoc analysis (see Methods section). Invalid register inclusion: patients not
assessed by the sepsis or medical rapid response teams. Nucleated RBCs (NRBCs) positive (pos.): greater than or equal to 0.01 x 10°%/L.

ED = emergency department, neg. = negative.

ED and analyzed within 3 hours. Results from later
blood collections were not included. NRBCs, hemo-
globin, thrombocytes, and leukocytes were analyzed
on Sysmex XN9000 (Sysmex, Kobe, Japan) in K. EDTA
tubes. NRBC levels were not reported to the treating
physician. However, it was laboratory procedure to
report the presence of NRBCs as a comment when it
exceeded 0.5% of the leukocyte count. There were no
protocols for diagnostic or treatment actions follow-
ing report of the presence of NRBCs, and we assume
that it had no effect on the clinical decision-making.
Serum tubes were analyzed on Roche Cobas 8000 c¢702
instruments (Roche Diagnostics, Risch-Rotkreuz,
Switzerland) with reagents and calibrators from
Roche. Reagents: Creatinine: creatinine plus v2. CRP:
C-reactive protein gen3. Albumin: Albumin gen2re-
agent. Bilirubin: BIL-T Gen.3. LD: LDHI2. Lactate was
analyzed in a heparinized blood gas syringe on a Roche
Cobas b221 instrument (Roche Diagnostics), in most
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cases from arterial blood. p-dimer was measured in
citrated plasma with STA-Liatest on STA-R evolution
instruments (Diagnostica Stago, Asniéres-sur-Seine,
France) with upper reported limit 4 mg/L fibrinogen
equivalent unit (FEU) up until April 5, 2020, and af-
terward with Innovance p-dimer (Siemens, Erlangen,
Germany) on Sysmex CS-5100 (Sysmex) instruments
with upper reported limit 35mg/L FEU.

Statistics

The SOFA score of each organ system is scored
in five categories by severity, with 0 representing
normal organ function. We constructed a similar
score for NRBCs with the following groups: score
0: 0.00 x 10°/L, score 1: 0.01 x 10°/L, score 2: 0.02
x 10°/L, score 3: 0.03-0.07 x 10°/L, score 4: greater
than 0.07 x 10°/L. The groups were adapted after in-
itial data review with the aim of having a sufficient
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number of patients in each group. NRBCs were
described as detectable when the concentration was
greater than or equal to 0.01 x 10°/L. Survival anal-
ysis was performed in Graphpad Prism 8 (Graphpad
Software, San Diego, CA) with logrank test (Mantel
Cox) test and logrank test for trend. Thirty-day sur-
vival rates in the NRBC groups were also compared
with chi-square (Fisher exact test). Receiver opera-
tion characteristics (ROC) analysis was performed
in MedCalc Statistical Software v16.1 (MedCalc
Software, Ostend, Belgium) using the DeLong
method, analysis was performed for one variable at
a time. Patients with missing values were excluded
from ROC analysis. The number of missing values
for predictors is described in Supplemental Table 1
(http://links.lww.com/CCX/A733). Since the number
of missing values was very low for the most impor-
tant predictors, missing values were not imputed.
Medians for demographic, clinical, and labora-
tory variables for patients with NRBC greater than
or equal to 0.01 x 10°/L and less than 0.01 x 10°/L
were compared with Mann-Whitney U tests and pro-
portions with chi-square test in Graphpad Prism 8
(Graphpad Software). The presented p values were
not corrected for multiple testing. Logistic regres-
sion was performed in MedCalc without removal of
nonsignificant variables. All figures were made with
Graphpad Prism.

RESULTS

Patient Characteristics

In total, 1,617 consecutive episodes from unique
patients with suspected severe disease were included
in the quality register in the study period. Of these,
1,231 patient episodes with suspected infection met
all the inclusion criteria (Fig. 1). One-hundred eighty-
nine patients died within 30 days of inclusion (15.4%),
and 863 patients (70.0%) were classified as having con-
firmed sepsis, with probable or definite infection and
SOFA score greater than or equal to 2 in a post hoc
assessment. The patients without sepsis had infections
without organ failure or various noninfectious condi-
tions. The study participant characteristics are described
in Table 1. One-hundred thirty-eight patients died in
hospital, whereas 51 died after discharge within 30 days
from admission. Three-hundred ninety-four patients
(32%) were admitted to ICU during the hospital stay.
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NRBCs in Relation to 30-Day Mortality

Mortality for patients grouped according to different
levels of NRBCs is shown in Figure 2A for the whole
cohort, and in Figure 2B and C for patients with and
without confirmed sepsis, respectively. Mortality was
significantly increased with higher NRBC levels in
all patient groups (logrank test for trend p < 0.0001).
There was no statistical difference for the 30-day mor-
tality for patients with sepsis compared with patients
without sepsis (logrank test p = 0.51). The 30-day
mortality for patients with suspected sepsis with and
without detectable NRBCs was 26.4% and 12.4%, re-
spectively (p < 0.0001 Fisher exact test). The mortality
rate in the highest NRBC group was 62.1%.

The area under the curve (AUC) in ROC analysis for
prediction of mortality with continuous NRBC results
was 0.60 (95% CI, 0.57-0.63) for the whole study co-
hort and 0.58 (95% CI, 0.55-0.62) for patients with
confirmed sepsis.

There were 60 patients with pre-existing hema-
tologic disease of whom seven died (11.7%). There
was no difference between NRBCs for survivors and
nonsurvivors (Mann-Whitney U p = 0.54) for these
patients. Since the proportion of patients with hema-
tologic disease was only 4.9%, these patients had little
impact on overall test characteristics of NRBCs. Thus,
further analysis was performed without exclusion of
patients with hematologic disease.

ROC analysis for 30-day mortality was also per-
formed for the whole population of patients with
suspected sepsis for SOFA, qSOFA, and laboratory
tests previously described to have predictive power
for mortality for patients with sepsis (Supplemental
Table 1, http://links.lww.com/CCX/A733). The high-
est discrimination power (AUC, ROC) was found
for SOFA score (0.73; 95% CI, 0.71-0.76), qSOFA
(0.67; 0.65-0.70), CCI (0.65; 0.62-0.68), lactate (0.68;
0.65-0.70), lactate dehydrogenase (0.68; 0.65-0.70),
D-dimer (0.66; 0.64-0.69), albumin (0.66; 0.63-0.69),
and GCS (0.67; 0.64-0.69). The discrimination power
of NRBCs was somewhat lower, but higher than for
some of the laboratory tests underlying the SOFA score
such as platelets (0.56, 0.53-0.59) and bilirubin (0.54,
0.51-0.57). In order to further examine the potential
added value of NRBCs to SOFA and established lab-
oratory tests predictive for mortality, we plotted indi-
vidual results for variables with AUC greater than or
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TABLE 1.

Demographic, Clinical, and Laboratory Variables

NRBCs < 0.01x 10°/L,

NRBCs > 0.01 x 10°/L,

Variables n =969
Women (%) 44.6

Age 73 (56-73)
Charlson Comorbidity Index 2 (1-4)
Hematologic disease (%) 3.8
Malignancy (%) 14.6
SOFA score 3 (2-4)
qSOFA 1(1-2)
Admitted to ICU (%) 28.5
Mechanical ventilation (%) 6.2
Bacteremia (%) 22.4
Confirmed sepsis (%) 68.1

30-d mortality (%) 12.4
Platelets x 10°/L 232 (181-300)
Bilirubin 0 (7-16)
Albumin, g/L 9 (35-492)
C-reactive protein, mg/L 0 (29-187)
Neutrophils x 10°/L 10.0 (7.0-13.7)
Lymphocytes x 10°/L 9 (0.5-1.4)
Neutrophil/lymphocyte ratio 11.9 (6.5-20.4)
Creatinine, pmol/L 7 (67-121)

n =262
492.4 0.52
72 (61-83) 0.32
3 (1-5) < 0.0001
8.8 0.0009
25.6 < 0.0001
4 (3-6) < 0.0001
2 (1-2) < 0.0001
47.0 < 0.0001
10.3 0.018
26.0 0.23
775 0.003
26.4 < 0.0001
229 (174-317) 0.75
12 (7-17) 0.03
37 (32-40) < 0.0001
84 (35-205) 0.22
9.55 (5.9-14.2) 0.18
0.8 (0.4-1.4) 0.38
11.2 (5.2-20.3) 0.21
110 (78-169) < 0.0001

NRBC = nucleated RBC, SOFA = Sequential Organ Failure Assessment.

*Medians were compared with Mann-Whitney U tests and proportions with %

Continuous variables expressed as medians (interquartile range). The following variables were missing for the included patients: Charl-
son Comorbidity Index n = 4, bilirubin (and SOFA liver) n = 6, platelets (and SOFA coagulation) n = 3, albumin n = 2, C-reactive protein
n =1, leukocyte differential count n= 46, and creatinine (and SOFA renal) n=1.

equal to 0.55 grouped according to NRBC score in
Supplemental Figure 1 (http://links.lww.com/CCX/
A733); none of the variables had a high degree of asso-
ciation to NRBCs.

NRBCs Compared With SOFA for Prediction of
Mortality

In the SOFA score, each organ system is scored from
0 to 4, where 0 represents normal organ function. We
constructed a similar score for NRBCs (see Methods
section). The 30-day mortality rate of the NRBC
and the SOFA score groups are shown in Figure 3.

Critical Care Explorations

Mortality was significantly higher for each increase in
NRBC score, except from score 2 to 3. The mortality
in the uppermost NRBC score 4 was 62.1%, which was
considerably higher than in the score 4 categories of
any of the SOFA components.

Logistic Regression Analysis of NRBC Score,
SOFA, and CCI for Mortality

In Table 1, we showed that SOFA and CCI scores were
higher for patients with detectable levels of NRBCs
than for patients without detectable NRBCs. To in-
vestigate whether NRBC score had prognostic value
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Figure 2. Survival analysis according to concentration of nucleated RBC (NRBC) by NRBC score groups, defined as group 0 = 0.00 x
10%/L, group 1 =0.01 x 10%/L, group 2 = 0.02 x 10°/L, group 3 = 0.03-0.07 x 10°/L, and group 4 = greater than 0.07 x 10°/L. A,
All patients suspected sepsis (n = 1231), (B) confirmed sepsis (n = 863), (C) not sepsis (n = 368).
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Figure 3. A, Mean mortality grouped according to Nucleated RBC (NRBC) score. NRBC score 0 =0.00 x 10%/L, 1 =0.01 x 10°/L,
2=0.02 x 10°/L, 3=0.03-0.07 x 10°%/L, 4 = greater than 0.07 x 10%/L. B-G, Components of the Sequential Organ Failure
Assessment (SOFA) score. H, Total SOFA score. Error bars represent 95% Cls for the percentage. Numbers above the bars show the
number of patients in each group. Groups that contained less than 10 patients were classified together with a neighboring score category.

independently of SOFA and CCI, we performed uni-
variate logistic regression and multivariate logistic re-
gression. In multivariate logistic regression, the NRBC
categories (NRBC scores 0-4) were used as predictive
variables in order for NRBCs to be on the same scale as
the SOFA score (Table 2).

In the univariate analysis, the odds ratio for NRBC
score was 1.68 (95% CI, 1.46-1.94) which was higher
than the SOFA score (1.38 [1.30-1.47]).

In the multivariate model, all variables (SOFA total,
CCI, and NRBC scores) were retained with odds ratios
that were significantly higher than 1.00. In this model,
1 point increase in the NRBC score had about the same
predictive value as any other increase of 1 point in the
SOFA score.

6 www.ccejournal.org

In the ROC analysis (Supplemental Table 1, http://
links.lww.com/CCX/A733), the AUC for SOFA score
was 0.73 (95% CI, 0.71-0.76). The AUC for the logistic
regression model 1 was 0.77 (0.75-0.80). Thus, indicat-
ing that NRBCs and CCI might add prognostic infor-
mation to SOFA score.

DISCUSSION

In this study, we investigated the prognostic value of
NRBC:s for 30-day mortality in patients with suspected
sepsis in the ED. Although most patients had nonde-
tectable levels of NRBCs, patients with elevated NRBCs
had a markedly increased mortality risk. To our know-
ledge, this is the first study of NRBCs in patients with
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TABLE 2.
Logistic Regression Analysis

SOFA Total/NRBC Score/CCI

Variables Univariate Multivariate

SOFA (total)
CCl

1.38 (1.30-1.47) 1.32 (1.24-1.41)

1.22 (1.15-1.30) 1.17 (1.09-1.25)

NRBC score  1.68 (1.46-1.94) 1.33 (1.13-1.56)

CCl = Charlson Comorbidity Index, NRBC = nucleated RBC,
OR = odds ratio, SOFA = Sequential Organ Failure Assessment.
Univariate and multivariate ORs with 95% Cls from logistic re-
gression to predict 30-d mortality.

suspected sepsis in the ED. The prognostic value of
NRBCs was greater than for several components of
the SOFA score, with a relative mortality risk of 4.7 for
the highest NRBC group compared with patients with
nondetectable NRBCs (< 0.01 x 10°/L). This increase
in risk was of a similar magnitude to that previously
found in ICU patients (10, 12).

Notably, our study indicated that the prognostic
information from NRBCs is to a large extent inde-
pendent both of components of the SOFA score, CCI,
and commonly used laboratory tests. Thus, NRBCs
appeared to add prognostic value to clinical scores and
commonly used laboratory test in the ED, as previously
described for later NRBC assessments in ICU patients
(10, 12). The logistic regression analysis indicated
slightly improved discrimination for a multivariable
model combining SOFA score, CCI, and NRBC score
compared with SOFA score alone. However, logistic
regression is only one of many ways to combine pre-
dictive variables into multivariable predictive models.
Development and validation of multivariable predic-
tive models require a different study design (19). There
are several suggested multivariable predictive models
for patients with sepsis (20, 21), but to our knowledge
none that include NRBCs. Thus, inclusion of NRBCs
might improve existing predictive models.

There was no significant difference in the predictive
value of NRBC:s for patients who had sepsis confirmed
in a post hoc evaluation, compared with patients who
had other infectious or noninfectious condition. Thus,
NRBC seems to be general prognostic marker, not spe-
cific for sepsis.

Critical Care Explorations

Various explanations for the association between
NRBCs and mortality have been suggested: RBC pro-
duction or release could increase due to hematopoietic
signaling or hypoxia, or extramedullary production in
the spleen could increase due to excessive inflammation-
related signaling (10, 14). The SOFA score comprises
evaluation of six organ systems but does not include the
hematopoietic system. Bone marrow-derived platelets
in septic patients are frequently low but usually related
to activation of the coagulation system (22). Notably,
we found no association between platelets and NRBCs
in our study. Even though the pathophysiology is not
clearly understood, we propose that NRBCs could
be seen as a marker for a dysregulated hematopoietic
system including RBC homeostasis. Increased NRBCs
were not predictive of mortality in patients with previ-
ously known hematologic disease. Thus, NRBCs should
not be used as a predictor for this group.

These new findings could have implications for fu-
ture treatment of sepsis patients. The high mortality
risk for patients with markedly elevated NRBCs in ge-
neral at admittance could indicate need for close sur-
veillance, perhaps even early admission to the ICU.
Notably, one study argued that ICU patients with
increased NRBCs should not be discharged to regular
wards (12). If the mechanisms of the association be-
tween detectable NRBCs and mortality can be eluci-
dated, new potential targets for specific management
may be identified.

Our study has several strengths. It includes a large
number of consecutive patients admitted with sus-
pected sepsis with NRBCs measured at admission to
the ED. Although data analysis was done retrospec-
tively, all variables were entered consecutively into the
quality register and with minimal missing data. There
were few exclusion criteria, a high percentage of inclu-
sion, and no patients lost to follow-up. The definition of
suspicion of sepsis and sepsis was similar to that used
in other studies. Thus, this cohort is likely to be rep-
resentative of patients admitted with suspected sepsis
elsewhere. To our knowledge, our study is the first to
demonstrate the predictive value of NRBC:s at a single
measurement point at hospital admission. Previous
studies from the ICU setting have classified patients
into NRBC positive or negative by using NRBC results
from the whole ICU stay and, in some cases, analyzed
the predictive value using the highest NRBCs during
the ICU stay (10, 12, 13).
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There are also some weaknesses and questions on
the generalizability of our findings. First, NRBCs are
analyzed every time a sample is run on several com-
mon hematology instruments and is therefore in
principle free of extra cost. However, clinicians and
investigators should be aware that instruments may
differ in the ability to count very low levels of NRBCs,
and results may not be standardized across different
instruments (11). With the increasing body of evi-
dence for the importance of quantitative measure-
ment of NRBCs, instrument manufacturers should be
encouraged to improve and standardize NRBC mea-
surements. Second, no serial measurements of NRBCs
were performed as in some previous studies (23, 24).
Thus, we were not able to investigate whether day-to-
day changes in NRBCs affect the mortality risk.

CONCLUSIONS
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