ANNALS OF MEDICINE
2021, VOL. 53, NO. 1, 2194-2200
https://doi.org/10.1080/07853890.2021.2004317

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ N Checkforupdates‘

ORIGINAL ARTICLE

Higher blood urea nitrogen level is independently linked with the presence
and severity of neonatal sepsis

Xiaojuan Li® Tiewei Li® Jingjing Wangb, Geng Dong? Min Zhang?, Zhe Xu?, Yidi Hu? Bo Xie?,
Junmei Yang® and Yuewu Wang®

#Zhengzhou Key Laboratory of Children’s Infection and Immunity, Children’s Hospital Affiliated to Zhengzhou University, Henan
Children’s Hospital, Zhengzhou Children’s Hospital, Zhengzhou, China; °Department of Neonatology, Ordos Central Hospital, Ordos,
China; “The Engineering Research Center for New Drug Screening, Inner Mongolia Medical University, Hohhot, China

ABSTRACT

Background: Previous studies have demonstrated that blood urea nitrogen (BUN) is strongly
associated with sepsis. However, no data are currently available regarding the association of
BUN levels and neonatal sepsis. Thus, this study aimed to investigate the role of BUN in predict-
ing the presence and severity of neonatal sepsis.

Methods: In this study, we enrolled 925 neonates. Among them, 737 neonates were diagnosed
with sepsis, including 426 neonates with severe sepsis. Neonates with hyperbilirubinemia
(n=188) served as controls. We collected complete clinical and laboratory data were collected.
Multivariate logistic regression analysis was performed to identify the potential independent risk
factor for neonatal sepsis. Receiver operating characteristic (ROC) curve analysis was used to
evaluate the prediction accuracy of BUN in predicting neonatal sepsis. All statistical analyses
were performed using the statistical package SPSS 24.0.

Results: Neonates with sepsis and severe sepsis had a higher level of BUN. The prevalence of
neonates with severe sepsis was dramatically increased according to BUN tertiles. Correlation
analysis showed that BUN levels were positively correlated with the levels of infection marker
procalcitonin (PCT) and high-sensitivity C-reactive protein (hsCRP). Multiple logistic regression
analysis showed that BUN was an independent risk factor for the presence and severity of neo-
natal sepsis. ROC curve analysis showed that BUN had a well discriminatory power in predicting
sepsis (area under curve (AUC) = 0.69, 95% Cl, 0.66-0.74, p <.001) and severe sepsis (AUC =
0.72, 95% Cl, 0.67-0.78, p < .001).

Conclusion: Higher BUN level is independently linked with the presence and severity of neo-
natal sepsis.
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Introduction (hsCRP) that may be useful in the early diagnosis of
neonatal sepsis have been studied previously [5]. In
addition, the results of our previous study showed
that neutrophil-lymphocyte ratio (NLR) was an inde-
pendent predictor of the presence of neonatal sepsis
[6]. However, most recent studies focus mainly on the

biomarkers of infection and inflammation and pay lit-

Neonatal sepsis is the most common cause of morbid-
ity and mortality in the neonatal population [1]. Early
diagnosis of neonatal sepsis is helpful to give diagnos-
tic-specific early intervention at an early stage thus
avoiding unnecessary antibiotics. However, there are
still some challenges in the diagnosis of neonatal sep-

sis, such as a long waiting time for blood culture
results and non-specific clinical presentations, such as
respiratory distress, pneumonia, and temperature
instability [2-4]. The circulating blood levels bio-
markers that may be useful in the early diagnosis of
neonatal sepsis have been studied, such as procalcito-
nin (PCT) and high-sensitivity C-reactive protein

tle attention to other potential biomarkers.

Blood urea nitrogen (BUN) is a waste product pro-
duced in the liver that travels through the blood to
the kidneys, which then filters it out of the blood.
Results of previous studies have shown that sepsis sig-
nificantly decreases the renal blood flow and renal
function, which can further increase the BUN levels
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[7-9]. Li et al. [10] and Waltz et al. [11] showed that
sepsis induced kidney dysfunction and increased BUN
levels in a septic mouse model. Njim et al. [12]
reported that BUN was a predictor for the develop-
ment of sepsis during severe malaria in adult. In add-
ition, compared with the markers of infection and
inflammation, BUN is a convenient and low-cost indi-
cator that can reflect sepsis-induced renal injury. To
data, however, the studies investigating the relation-
ship between BUN and sepsis have been performed
mostly in animals and in adult patients, and there are
few published data on the relationship between the
levels of BUN and neonatal sepsis. Thus, this study
aimed to investigate the relationship between BUN
levels and sepsis in a relatively large neo-
natal population.

Materials and methods
Study population

From January 2016 to December 2019, we retrospect-
ively included 737 consecutive neonates diagnosed
with sepsis at Henan Children’s Hospital (Children’s
Hospital  Affiliated to  Zhengzhou  University,
Zhengzhou, China). In addition, we also enrolled 188
neonates who had hyperbilirubinemia as controls. The
criteria for inclusion in the neonatal sepsis group were
as follows: (1) neonates diagnosed with sepsis and (2)
aged 1-28d. The criteria for inclusion of neonates
with hyperbilirubinemia in the control group were as
follows: (1) no clinical indications of infection, such as
bronchitis and pneumonia and (2) total WBC count
<10x 10° cells/L and >4 x 10° cells/L, and hsCRP
<5mg/L because of the concern of other infections.
All neonates with the following conditions were
excluded from this study: (1) the availability of a com-
plete medical record and BUN measurements and (2)
subjects with congenital diseases of the kidney, can-
cer, hematological system diseases and major congeni-
tal malformations. The study protocol complied with
the Declaration of Helsinki and was approved by the
hospital ethics review board. All procedures included
in this study were undertaken as part of routine clin-
ical practice, and the data which could identify sub-
jects were removed. We confirmed that all the data
was anonymized and maintained with confidentiality;
there- fore, the requirement for informed consent has
been waived because of the retrospective nature of
the current study.
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Clinical evaluation and definition

According to the published International Paediatric
Sepsis Consensus, neonatal sepsis is defined as sus-
pected or proven infection accompanied with 2 or
more systemic inflammatory response syndromes
(SIRS) [13]. Severe sepsis was defined as sepsis in add-
ition to one of the following conditions: cardiovascular
organ dysfunction, acute respiratory distress syn-
drome, and dysfunction of two or more other organs
[13]. The control group included neonates with hyper-
bilirubinemia without infection. In addition, the sever-
ity of neonatal sepsis was assessed by using the
neonatal sequential organ failure assessment (nSOFA)
score, which could be used as an operational defin-
ition of organ dysfunction in neonates and was associ-
ated with the risk of mortality independent of sex,

pathogen, specific centre, or extreme prematur-
ity [14,15].
Biochemistry

Venous blood samples were collected on admission to
the hospital and transported from neonatology
department to laboratory. Serum BUN levels were
measured using the urease glutamate dehydrogenase
method (BUN kit, Maccura Biotechnology, Chengdu,
China) using an automatic biochemical analyzer
(AU5800 Clinical Chemistry Analyzers, Beckman
Coulter, California). The levels of albumin (ALB), ala-
nine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), BUN, creatinine (CREA), total bilirubin (TBIL),
total protein (TP) and uric acid (UA) were measured
using an automatic biochemistry analyzer (AU5800
Clinical Chemistry Analyzers, Beckman Coulter,
California) and a conventional clinical analytical
method. HsCRP was detected using a latex-enhanced
immunoturbidimetric assay (Ultrasensitive CRP kit,
Upper Bio-Tech Shanghai, China) on an UPPER ana-
lyzer (Upper Bio-Tech, Shanghai, China). PCT levels
were measured using an electrochemiluminescence-
cence assay (Elecsys® BRAHMS PCT kit, Roche
Diagnostic, Rotkreuz, Switzerland) on a Cobas® 8000
modular analyzer (Roche Diagnostic, Rotkreuz,
Switzerland). HsCRP level <0.8mg/L or PCT level
>100ng/ml or <0.02ng/ml were considered as
0.7 mg/L, 101 ng/ml and 0.01 ng/ml, respectively.

Statistical analysis

Continuous variables were expressed as the mean-
+standard deviation (SD) or medians (interquartile
range) and were analyzed using independent t-tests,
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one-way analysis of variance (ANOVA), or
Mann-Whitney U test, as appropriate. Categorical vari-
ables were expressed as percentages (n, %) and were
assessed by Chi-square or Fisher exact tests.
Correlation between 2 continuous variables was exam-
ined using Pearson or Spearman correlation test.
Univariate and multivariate logistic regression analysis
was performed to determine the association of BUN
levels with the presence and severity of neonatal sep-
sis. All statistical analyses were performed using SPSS
22.0 (SPSS Inc., Chicago, lllinois, USA). Prediction accur-
acy was evaluated using the area under the receiver
operating characteristic (ROC) curves. The optimal
diagnostic cut-off point was determined according to
Youden's index (sensitivity + specificity — 1). A two-
sided P value of less than 0.05 was considered statis-
tically significant. Figures were created using
GraphPad Prism 8 (GraphPad Software Inc., San Diego,
CA, USA).

Results
Participant characteristics

The mean age of the 925 neonates (boys, 568 and
girls, 357) was 9.0 (5.0, 16.0) days. On the basis of their
diagnosis of sepsis and the severity of sepsis, the sub-
jects were divided into 3 groups. Most of the neonates
(n=737, 79.7%) were diagnosed with sepsis, of those,
426 neonates were diagnosed with severe sepsis, and
the remaining 188 neonates with hyperbilirubinemia
were served as controls. Baseline characteristics of the

neonates are shown in Table 1. Briefly, neonates with
sepsis or severe sepsis had a higher body temperature,
respiratory rate, and heart rate than controls (p <.001).
Serum biochemical analysis showed that the levels of
inflammatory biomarkers such as hsCRP and PCT were
markedly elevated among the three groups.
Additionally, our results showed that BUN levels
increased gradually significantly among the three
groups (Figure 1). In addition, the nSOFA was signifi-
cantly higher in neonates with severe sepsis (p <.001).

Relationship between the levels of BUN and the
presence and extent of neonatal sepsis

The subjects were classified into 3 groups according
to the BUN tertiles (Table 2). Neonates in the third ter-
tile had higher levels of PCT, AST, ALT, CREA, and UA
(p<.001). In addition, our results showed that the
prevalence of neonates with severe sepsis increased
significantly from 38.2% in the first tertile to 59.6% in
the third tertile group (p <.001).

Correlation between BUN levels and
clinical parameters

Among the overall population studied, the BUN levels
were negatively correlated with age (r = —0.084,
p=.011), and positively correlated with temperature
(r=0.069, p=.036), respiratory rate (r=0.089,
p=.007), heart rate (r=0.083, p=.012), PCT levels
(r=0.446, p<.001), hsCRP levels (r=.177, p<.001),
AST levels (r=0.262, p<.001), ALT levels (r=0.172,

Table 1. Baseline characteristics of neonates in the control, sepsis, and severe sepsis groups.

Variables Controls (n=188) Sepsis (n=311) Severe sepsis (n = 426) p
Age (days) 7.0 (5.0, 12.0) 11.0 (5.0, 18.0) 10.0 (5.0, 16.0)° <.001
Male, n (%) 115 (61.2%) 193 (62.1%) 260 (61.0%) .958
Weight (kg) 33+05 33106 3.1+0.7b¢ <.001
Temperature (°C) 369+0.3 37.4+0.7% 373+0.8° <.001
Respiratory (rate/minute) 454+6.3 49.1+10.2° 50.2+11.5° <.001
Heart rate (bpm) 141.8+£12.6 147.9+18.7% 151.0+20.1° <.001
SBP (mm Hg) 76.9+7.2 79.1+5.8° 74.0+9.2° <.001
DBP (mm Hg) 47175 474+76 448 +8.2° <.001
PCT (ng/ml) 0.11 (0.09, 0.18) 0.22 (0.11, 0.76)° 0.42 (0.16, 2.24)¢ <.001
hsCRP (mg/L) 0.7 (0.7, 0.7) 0.7 (0.7, 8.3)° 0.7 (0.7, 17.2)bc <.001
nSOFA 0.0 (0.0,0.0) 0.0 (0.0,0.0) 2.0 (0.0,3.0)* <.001
Biochemical parameters
TBIL (uM) 306.4 (262.3, 357.7) 132.0 (47.1, 226.4)° 132.2 (43.9, 208.6)° <.001
AST (U/L) 34.4 (285, 46.8) 36.4 (27.9, 49.3) 39.5 (28.0, 63.6)bc <.001
ALT (U/L) 243 (17.6, 30.3) 28.5 (22.2, 36.1)° 284 (21.4, 39.9)° <.001
TP (g/L) 57.5+58 54.8+6.2° 53.6+7.9° <.001
ALB (g/L) 344+37 31.4+46a 29.9+5,0 <.001
BUN (mM) 2.2 (1.3,29) 2.8 (1.9, 4.0)° 3.3 (2.0, 5‘0)bc <.001
CREA (uMm) 49.6 (41.0, 57.9) 44.6 (35.8, 55.6)° 49.4 (38.5, 68.6)° <.001
UA (uM) 135.5 (104.9, 186.5) 146.3 (108.1, 191.3) 152.6 (110.9, 219.3)b .015

All Values are presented as the mean+SD or n (%) or as the median (interquartile range). SBP: systolic blood pressure; DBP: diastolic blood pressure;
PCT: procalcitonin; hsCRP: high sensitivity C-reactive protein; nSOFA: neonatal sequential organ failure assessment; TBIL: total bilirubin; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; TP: total protein; ALB: albumin; BUNA: blood urea nitrogen; CREA: creatinine; UA: uric acid. °p <.05 for
sepsis vs. control. bp < .05 for severe sepsis vs. control. “p < .05 for severe sepsis vs. sepsis.
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Figure 1. The levels of BUN, CREA, UA, PCT, and hsCRP in the control, sepsis, and severe sepsis groups. The levels of BUN, PCT,
and hsCRP showed a significant gradual increase among the 3 groups.

Table 2. Clinical and demographic characteristics according to BUN tertiles.

Variables First tertile (<2.2) (n=306) Second tertile (2.2-3.6) (n=312) Third tertile (>3.6) (n=307) p
Age (days) 9.0 (6.0, 15.0) 11.0 (5.0, 17.0) 0 (4.0, 14.0) .001
Male, n (%) 198 (64.7%) 190 (60.9%) 180 (58.6%) 296
PCT (ng/ml) 0. 14 (0.09, 0.27) 0. 22 (0.12, 0.65) 0. 66 (0.20, 4.55) <.001
hsCRP (mg/L) 7(0.7,1.2) 7 (0.7, 8.2) 7 (0.7,17.3) <.001
Biochemical parameters
TBIL (uM) 200.4 (79.9, 293.2) 156.6 (52.2, 279.7) 162.4 (55.3, 258.5) .037
AST (U/L) 32.8 (26.6, 43.1) 37.5 (28.5, 50.3) 44,6 (309, 72.8) <.001
ALT (U/L) 26.0 (20.6, 32.6) 27.1 (19.9, 36.2) 29.6 (21.5, 46.5) <.001
TP (g/L) 53.7+£6.0 553+6.5 55.4+8.8° .004
ALB (g/L) 30.8+4.4 31.7+44 30.5+5.9 077
CREA (uM) 45,0 (36.2, 54.3) 443 (35.1, 56.9) 60.2 (43.4, 84.6) <.001
UA (uM) 115.3 (90.4, 149.6) 141.7 (112.4, 185.3) 201.6 (143.5, 319.9) <.001
nSOFA 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 2.0) <.001
Clinical data
Con, n (%) 9 (29.1%) 2 (23.1%) 27 (8.8%) <.001
Sepsis, n (%) 100 (32.7%) 114 (36.5%) 97 (31.6%) 392
Severe sepsis, n (%) 117 (38.2%) 126 (40.4%) 183 (59.6%) <.001

All values are presented as the mean+SD or n (%) or as the median (interquartile range). PCT: procalcitonin; hsCRP: high sensitivity C-reactive protein;
TBIL: total bilirubin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; TP: total protein; ALB: albumin; BUN: blood urea nitrogen; CREA: cre-
atinine; UA: uric acid; nSOFA: neonatal sequential organ failure assessment.

p <.001), TP levels (r=0.072, p=.028), CREA levels
(r=0.336, p <.001), UA levels (r=0.486, p <.001), and
nSOFA (r=0.331, p<.001) (Table 3). No significant
correlations were identified between the BUN levels =~ We performed univariate and multivariable binary
and weight, systolic blood pressure (SBP), diastolic logistic regression analysis was performed to identify
blood pressure (DBP), and ALB levels. the potential predictors of the presence and severity

Predictive value of BUN levels for the presence
and severity of neonatal sepsis
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of neonatal sepsis. Variables, including age, tempera-
ture, heart rate, respiratory rate, PCT, hsCRP, TBIL, AST,
ALT, TP, ALB and UA, with p <.05 in univariate analysis
were included in the multivariate analysis. As shown
in Table 4, BUN was an independent predictor of the
presence of neonatal sepsis (odds ratio [OR]=1.416,
95% confidence interval [CI] 1.207-1.662, p <.001) and
severe sepsis (OR = 1.179, 95% Cl 1.083-1.283,
p <.001) (Table 4). Additionally, BUN tertiles were also
independently associated with an increased preva-
lence and severity of neonatal sepsis.

Diagnostic performance of the BUN

We performed a ROC curve analysis to evaluate the
predictive value of BUN for sepsis. As shown in Figure
2, the area under the ROC curves (AUC) showed that

Table 3. Correlations between BUN levels and clin-
ical parameters.

Variables r p
Age (day) -0.084 011
Weight (kg) -0.024 473
Temperature (°C) 0.069 .036
Respiratory (rate/minute) 0.089 .007
Heart rate (bpm) 0.083 012
SBP (mm Hg) -0.055 .096
DBP (mm Hg) -0.037 255
PCT (ng/ml) 0.446 <.001
hsCRP (mg/L) 0.177 <.001
AST (U/L) 0.262 <.001
ALT (U/L) 0.172 <.001
TP (g/L) 0.072 .028
ALB (g/L) 0.036 272
CREA (uM) 0.336 <.001
UA (um) 0.486 <.001
nSOFA 0.331 <.001

SBP: systolic blood pressure; DBP: diastolic blood pressure; PCT: procalci-
tonin; hsCRP: high sensitivity C-reactive protein; TBIL: total bilirubin; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; TP: total pro-
tein; ALB: albumin; BUNA: blood urea nitrogen; CREA: creatinine; UA: uric
acid; nSOFA: neonatal sequential organ failure assessment.

Table 4. Regression analysis to assess the presence
levels in all neonates.

BUN (AUC = 0.69, 95% Cl, 0.66-0.74, p <.001) had a
well predictive value for neonatal sepsis. The optimal
diagnostic cut-off point was 2.6 mM, with 59% sensitiv-
ity and 86% specificity. Additionally, we examined the
value of BUN in predicting severe sepsis. The AUC for
the BUN in predicting severe sepsis was 0.72 (95% Cl,
0.67-0.78, p<.001). The optimal diagnostic cut-off
point was 2.8 mM (sensitivity of 65% and specificity
of 80%).

Discussion

Sepsis is a systemic inflammatory response syndrome
caused by infection, and biomarkers of infection and
inflammation, such as hsCRP, PCT and neutrophil
extracellular traps (an emerging inflammatory marker
of sepsis), play an important role in predicting the
presence of neonatal sepsis [5,16,17]. In addition to
the dysregulated immune response, sepsis can further
lead to secondary multiple organ dysfunction syn-
dromes [18]. Previous studies showed that sepsis
induced renal blood flow and renal dysfunction, and
acute kidney injury frequently occurs in patients with
sepsis, which can further contribute to the burden of
sepsis [11,19,20].

BUN is a waste product produced in the liver that
travels through the blood to the kidneys, which then
filters it out of the blood. Currently, BUN is commonly
used as a marker for determining kidney function.
Animal studies showed that BUN levels increased sig-
nificantly in mouse models of caecal ligation and
puncture (CLP)-, LPS- or Escherichia coli-induced sepsis
[21-25]. Clinical studies showed that adult patients
with sepsis had a higher level of basal rate of BUN
production [26-28]. To date, however, the studies on
the relationship between BUN levels and sepsis in

of neonatal sepsis and severe sepsis according to BUN

Univariate Multivariate

Variables OR (95% Cl) p OR (95% Cl) p
Presence of sepsis

BUN 1.364 (1.224 — 1.520) <.001 1.416 (1.207 — 1.662) <.001
BUN tertiles

Tertile 1 1 1

Tertile 2 1.367 (0.953 — 1.961) .089 1.151 (0.696 — 1.904) .583

Tertile 3 4.253 (2.670 — 6.776) <.001 4.884 (2.438 —9.786) <.001
Presence of severe sepsis

BUN 1.213 (1.141 —1.289) <.001 1.179 (1.083 — 1.283) <.001
BUN tertiles

Tertile 1 1 1

Tertile 2 1.094 (0.792 — 1.511) 584 0.938 (0.657 — 1.339) 725

Tertile 3 2.384 (1.724 — 3.297) <.001 1.592 (1.061 — 2.389) .025

Adjusted for age, temperature, heart rate, respiratory rate, PCT, hsCRP, TBIL, AST, ALT, TP, ALB and UA.
BUN: blood urea nitrogen; PCT: procalcitonin; hsCRP: high sensitivity C-reactive protein; TBIL: total bilirubin; AST: aspartate amino-
transferase; ALT: alanine aminotransferase; TP: total protein; ALB: albumin; UA: uric acid.
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Figure 2. ROC curve of CPR in predicting sepsis and severe sepsis in neonates.

neonates has been performed thus far. Compared
with adults, children, particularly newborns, the kidney
is still maturing, especially newborns. Studies have
reported that the developing human and animal kid-
neys have lower renal blood flow (RBF) and higher
renal vascular resistance than the mature kidney
[9,29], which the kidneys may be more vulnerable
to sepsis.

In this study, we firstly evaluated the relationship
between the BUN levels and sepsis in neonates.
Consistent with the results reported previously in
adults [26-28], the results of our study showed that
the BUN levels were significantly higher in neonates
with sepsis and severe sepsis. In addition, our results
showed that BUN levels were significantly positively
correlated with the levels of the infection marker PCT
and the levels of inflammation marker hsCRP, while
the method for detecting BUN levels is simple and
inexpensive compared with PCT and hsCRP. In add-
ition, BUN also had a positive correlation with nSOFA.
Further analysis showed that BUN was an independent
risk factor of the presence and severity of neonatal
sepsis. Further, we found that BUN was still an inde-
pendent predictor for the presence and severity of
neonatal sepsis when PCT and hsCRP levels were
added to the multivariate regression model. In add-
ition, our data also showed that BUN has a high pre-
dictive value in predicting sepsis.

Our study has several limitations in the present
study. First, this is a retrospective study performed in
a single centre. Second, we did not have the related

data related to parameters that may affect the BUN
(such as urine output, fluid chart, daily intake of pro-
tein and type of feeding, as that information was not
routinely recorded in the medical records. Third, we
did not track the future clinical outcomes in the pre-
sent study. Further, we excluded several baseline
parameters without statistical significance under uni-
variate analysis to avoid overfitting for multivari-
ate analysis.

Conclusion

Higher BUN level is positively and independently asso-
ciated with the presence and severity of neonatal sep-
sis. These findings imply that serum BUN levels can be
used to predict the risk of the presence and severity
of neonatal sepsis.

Ethical approval

The study protocol was approved the Hospital Ethics Review
Board of Henan Children’s Hospital (NO. 2021-K-024). We
confirmed that all the data were anonymized and main-
tained with confidentiality; therefore, the requirement for
informed consent has been waived because of the retro-
spective nature of the current study.
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