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Objective: The main purpose of our study was to determine the predictors of complications in neonates with late-onset sepsis (LOS).
Materials and methods: This was a retrospective cohort study conducted in a neonatal intensive care unit between June 2016 and
February 2020. Neonates with LOS were enrolled in this study. According to whether complications were merged after LOS, neonates were
divided into a complicated group and a noncomplicated group. The demographic data, perinatal conditions, blood cell count analysis, blood
cultures, hypoproteinemia within 1 week after the onset of sepsis and treatment measures were compared between the groups.

Results: A total of 87 neonates with LOS were enrolled in this study. Significant differences were observed between the complicated
and noncomplicated groups with regard to hemoglobin (Hb), a decrease in Hb, hypoproteinemia and red blood cell transfusions (P <
0.05). Further comparison found that neonates with LOS who had moderate or severe anemia at the time of sepsis onset were more
likely to have complications than those with mild or no anemia. The results of binomial stepwise logistic regression suggested that
a decrease in Hb (OR=0.045, P=0.025 < 0.05) and hypoproteinemia (OR=0.266, P=0.007 < 0.05) were independent predictors of
complications in neonates with LOS. A receiver operating characteristic analysis showed that the area under the curve was 0.807 for
a decrease in Hb.

Conclusion: A decrease in Hb and hypoproteinemia were independent predictors of complications and may help to predict the
occurrence of complications in neonates with LOS in the early stage.
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Introduction

Neonatal sepsis (NS) is one of the most common infectious diseases with high morbidity and mortality in newborns and
remains the third major cause of neonatal death, especially in developing countries.'* Sepsis can cause many diseases,
such as septic shock, neonatal necrotizing enterocolitis (NEC), meningitis, and osteomyelitis.> The occurrence of these
diseases not only increases the mortality of newborns but also causes short-term and long-term sequelae, such as
intestinal stenosis, short bowel syndrome, and neurological and skeletal system sequelae,*® seriously affecting the
quality of newborns’ lives. Therefore, exploring the predictors of complications of NS will help to develop targeted
prevention measures to reduce the incidence of complications and mortality. To date, there are many studies on the
severity and prognosis of sepsis all over the world, but very few studies on the predictors of complications of NS,
especially quantitative indicators, have been conducted. Hence, we hoped that through this study, we could obtain
quantitative indicators that are easy to obtain in clinical practice to predict the occurrence of complications, with a view
of reducing the incidence of complications and providing new clues for optimizing treatment strategies in the early

clinical stage.
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Methods
Study Subjects

This was a retrospective cohort study conducted in the neonatal intensive care unit (NICU). Neonates with LOS (age > 3
days) diagnosed by a neonatal specialist at the First Hospital Affiliated to Army Medical University, China between
June 2016 and February 2020 were included. According to whether complications occurred after LOS, neonates were
divided into complicated and noncomplicated groups. The exclusion criteria were as follows: (1) intrauterine infection
leading to early-onset sepsis (neonates aged < 3 days);’ (2) genetic metabolic diseases (newborns screened for genetic
metabolism 3 days after birth);® (3) Hb reduction caused by intracranial hemorrhage, gastrointestinal hemorrhage, or
pulmonary hemorrhage; and (4) a decrease in Hb caused by iatrogenic blood drawing.

This study was approved by the Ethics Committee of the First Hospital Affiliated of Army Medical University
(KY2020065). All procedures were carried out according to the Declaration of Helsinki.

Clinical Definitions

The diagnostic criteria for LOS referred to the guidelines for the expert consensus on the diagnosis and management of
neonatal sepsis (version 2019) revised by the Chinese Medical Association.” The diagnostic criteria for LOS were as
follows: infants with fever or a low body temperature; infants with less crying; infants with a poor response and feeding;
and infants with other clinical manifestations of sepsis. Additionally, the blood cultures or sterile body cavities of infants
with LOS showed cultured pathogenic bacteria. Alternatively, infants diagnosed with LOS had the above clinical
manifestations and at least two of the following: (D) Blood cell count analysis showing a white blood cell (WBC)
count < 5 x 10%/L, or an increased WBC count (for infants aged < 3 d, a WBC count > 25 x 10%/L; for infants aged > 3 d,
a WBC > 20 x 10°/L); @ Cell classification showing immature neutrophils/total neutrophils (I/T) > 0.16; 3 A platelet
count (PLT) < 100 x 10%/L; or 3) A C-reactive protein (CRP) level > 8 mg/L. Complications caused by LOS include
septic shock, NEC, meningitis, osteomyelitis, and diffuse intravascular coagulation (DIC). For the diagnosis of compli-
cations, refer to the fourth edition of Practical Neonatology.® A hemoglobin (Hb) level < 145 g/L in the neonatal period is
considered anemia; 144-120 g/L is considered mild anemia; - 90 g/L is considered moderate anemia; - 60 g/L is
considered severe anemia, and < 60 g/L is considered extremely severe anemia.’ The diagnostic criterion for hypopro-
teinemia was a serum albumin (Alb) level < 25 g/L.'°

Data Collection

Demographic data were obtained from electronic medical records and included the mother’s prenatal condition, such as
whether there was premature rupture of membranes, amniotic fluid meconium contamination, maternal hypertension or
diabetes. Additionally, the information of neonates, such as sex, gestational age, birth weight, age of onset, comorbidities,
blood cell count analysis, blood cultures, a decrease in albumin within 1 week after the onset of LOS and treatment
measures (after the occurrence of LOS and before the occurrence of complications), was also recorded. When patients
first showed symptoms of LOS (such as fever, poor response and poor feeding), the blood samples were collected for the
first time and were examined. Laboratory parameters such as WBCs, PLTs, Hb, a decrease in Hb, red blood cell
distribution width (RDW), blood culture and albumin were measured. The decrease in Hb was calculated as follows: the
most recent Hb level before LOS - The Hb level at the early stage of LOS.

Statistical Analysis

SPSS 20.0 was used for statistical analysis. Continuous variables with a nonnormal distribution are reported as median
interquartile range (IQR) percentiles and were compared using Mann—Whitney U-tests. Categorical variables are
presented as absolute numbers and percentages. Differences in categorical variables were assessed for significance
using the chi-square test and Fisher’s exact test. Multivariate logistic regression analysis was used to assess the
independent predictors of complications in neonates with LOS. The receiver operating characteristic (ROC) method
was used. The sensitivity and specificity were compared by analyzing the area under the ROC curve. P < 0.05 was
considered significant.
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Results

Comparison of General Data Between the Two Groups
A total of 87 neonates with LOS were included, with 56 in the noncomplicated group and 31 in the complicated group,
including 14 cases of NEC, 6 cases of septic shock, 8 cases of meningitis, 2 cases of osteomyelitis, and 1 case of DIC.
The demographic characteristics of the two groups are presented in Table 1, including the sex, gestational age, birth
weight, age of onset, perinatal situation, comorbidities, etc. The results showed that there were no significant differences
in these data between the complicated and noncomplicated groups (P > 0.05).

Significant Differences in Hb Levels, Decreases in Hb, Hypoproteinemia and Red

Blood Cell Transfusions

We collected the most recent Hb level before LOS and the interval between two Hb collections (the most recent Hb level
before LOS and the Hb level at the early stage of LOS). There were no differences in the most recent Hb level before
LOS or the sample collection interval between the two groups. Additionally, we calculated the amount of venous blood
collection in the early stage of LOS in the two groups to avoid decreases in Hb caused by iatrogenic blood collection.
There was no significant difference in venous blood collection between the two groups. The decrease in Hb was
calculated as follows: the most recent Hb level before LOS — the Hb level at the early stage of LOS. Significant
differences were observed between the complicated and noncomplicated groups with regard to Hb, decreases in Hb,
hypoproteinemia within 1 week after the onset of sepsis and red blood cell transfusions (P < 0.05, Table 2). Further
analysis of the impact of different degrees of anemia on the incidence of complications suggested that neonates with
moderate or severe anemia were more likely to have complications than those with mild or no anemia (P < 0.05, Table 3).

A Decrease in Hb and Hypoproteinemia VWere Independent Predictors of

Complications in Neonates with LOS

Binomial stepwise logistic regression was used with the occurrence of complications as the dependent variable, and the
above statistically significant indicators, including Hb, a decrease in Hb, hypoproteinemia and red blood cell transfusions,
were used as independent variables to test whether each factor had a significant effect on the occurrence of complica-
tions. The results suggested that a decrease in Hb (OR=0.045, P=0.025<0.05) and hypoproteinemia (OR=0.266,
P=0.007<0.05) were independent predictors of complications in neonates with LOS (Table 4).

Table | The Baseline Clinical Characteristics of the Complicated and Non-Complicated Group

Complicated (n = 31) Non-Complicated (n = 56) P
Gender(Male, n%) 13(41.9) 31(55.4) 0.182
Gestational Age (Week) 31.96(30.14-34.57) 32.67(31.50-34.36) 0.325
Birth Weight(g) 1659.19(1305.00-2090.00) 1753.57(1307.50-2057.50) 0.532
Age of Onset(d) 18.61(11.00-23.00) 19.09(12.00-26.75) 0.483
Breasteeding(n%) 25(80.6) 49(87.5) 0.531
Cesarean section(n%) 19(61.3) 39(69.6) 0.429
PROM > |8h(n%) 5(16.1) 11(19.6) 0.685
Meconium pollution of amniotic fluid(n%) 1(3.2) 2(3.6) 1.000
Pregnancy hypertension(n%) 5(16.1) 14(25.0) 0.337
Maternal diabetes(n%) 3(9.7) 11(19.6) 0.361
Asphyxia(n%) 2(6.5) 4(7.1) 1.000
Small for gestational age(n%) 7(22.6) 21(37.5) 0.153
NRDS(n%) 11(35.5) 13(23.2) 0.220
Apnea(n%) 7(22.6) 12(21.4) 0.901

Notes: The continuous variables of non-normal distribution were rendered as median interquartile range (IQR) percentiles and were compared
using Mann—Whitney U-tests. Categorical variables were presented as absolute number and percentage, and were compared using Chi-square
test and Fisher’s Exact test. P < 0.05 was considered significant.

Abbreviations: PROM, premature rupture of membranes; NRDS, neonatal respiratory distress syndrome.
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Table 2 Comparison of Laboratory Indicators and Treatment Measures Between the Two Groups

Complicated (n = 31) | Non-Complicated (n = 56) P
WBC (x10%/L) 9.76(4.69—-15.14) 11.32(5.81-12.79) 0.794
PLT (x10°/L) 187.65(113.00-257.00) 202.77(97.25-282.50) 0.982
Hb(g/L) 111.74(106.00—119.00) 123.71(106.25-132.25) 0.012
Decrease in Hb(g/L) 17.87(6.00-27.00) 9.71(2.00-17.00) 0.000
RDW (%) 1551 (14.50-16.10) 16.00 (15.00—-16.90) 0.135
Blood culture (positive, n%) 13(41.9) 25(44.6) 0.807
Hypoproteinemia(n%) 20(64.5) 14(21.5) 0.000
Mechanical ventilation(n%) 10(32.3) 12(21.4) 0.266
Red blood bell infusion(n%) 17(54.8) 16(28.6) 0.016

Notes: The continuous variables of non-normal distribution were rendered as median interquartile range (IQR) percentiles and were
compared using Mann—Whitney U-tests. Categorical variables were presented as absolute number and percentage, and were compared
using Chi-square test and Fisher’s Exact test. P < 0.05 was considered significant.

Abbreviations: WBC, white blood cell; PLT, platelets; Hb, hemoglobin; RDW, red blood cell distribution width.

Table 3 Comparison of the Severity of Anemia Between the Two Groups

Complicated (n = 31) | Non-Complicated (n = 56) P
No anemia or mild anemia (n%) 7(22.6) 30(53.6)
Moderate or above degree anemia (n%) 24(77.4) 26(46.4) 0.005

Table 4 Logistic Regression Analysis Results

b SE(b) Walds P OR 95% CI for OR
Decrease in Hb 0.045 0.020 5.048 0.025 1.046 (1.006-1.087)
Hypoproteinemia | —1.326 0.494 7.204 0.007 0.266 (0.101-0.699)

Abbreviation: Hb, hemoglobin.

Table 5 The ROC Curve of the Decrease in Hb for Predicting Complication in Sepsis

Cut-Off Value | Sensitivity Specificity | Youden Index
Decrease in Hb (g/L) AUC = 0.807 (0.703-0.912) 14.5 0.8l 0.73 0.54
13.5 0.84 0.68 0.52
16.5 0.71 0.80 0.51
15.5 0.74 0.75 0.50
17.5 0.65 0.84 0.49

Abbreviations: Hb, hemoglobin; AUC, area under the curve.

The High Predictive Value of a Decrease in Hb for Complications in Neonates with
LOS

The receiver operating characteristic (ROC) analysis of LOS showed that the area under the curve (AUC) was 0.807,
suggesting that a decrease in Hb may help to predict the occurrence of complications in neonates with LOS (Table 5,
Figure 1).

Discussion

The neonatal immune system is immature, highly susceptible to many microorganisms and prone to sepsis, especially in
premature infants and low birth weight infants. Long-term use of invasive procedures and intravenous nutrition increases
the incidence of sepsis. Due to the low immunity and weak resistance of newborns, sepsis often develops rapidly from
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Figure | The ROC curve of a decrease in Hb for predicting complications in neonates with LOS.
Abbreviations: ROC, receiver operating characteristic; Hb, hemoglobin; LOS, late-onset sepsis.

subclinical symptoms to severe systemic infection symptoms, causing damage to systemic organs and the occurrence of
diseases such as NEC, meningitis, septic shock, and DIC, making sepsis an important cause of neonatal death.'
Therefore, it is of great significance to analyze the specific risk factors for complications and death from sepsis, taking
active control measures to reduce the incidence of complications and mortality.

Our study found that there were significant differences in Hb levels, decreases in Hb, hypoproteinemia within 1 week
after the onset of LOS and red blood cell transfusions between the complicated group and the noncomplicated group.
Further logistic regression showed that a decrease in Hb and hypoproteinemia were independent predictors of complica-
tions in neonates with LOS. Regrettably, no study has focused on the relationship between decreases in Hb and
hypoproteinemia and complications in neonates with LOS. As such, our current study is unique in that it mainly focused
on a predictive approach to complications in neonates with LOS, which may be a possible predictor of complications.

The Effect of a Decrease in Hb on the Complications and Prognosis of Neonates with
LOS

Our study found that sepsis is often accompanied by a decrease in Hb. Some patients may develop anemia, while others only
have a decrease in Hb, which does not meet the diagnostic criteria for anemia. Many causes can lead to a decrease in Hb, such

as iatrogenic blood loss, reduced serum iron levels, and shortened red blood cell life span and increased destruction.'> ' In

addition, vascular endothelial glycocalyx shedding and intravenous fluid administration lead to blood thinning,'>'” which is
also manifested by a decrease in Hb. After the occurrence of sepsis, the body may have microcirculation disturbances, leading
to tissue ischemia and hypoxia. When severe infection occurs, a large amount of inflammatory factors are secreted in the body,
which leads to a decrease in Hb through various mechanisms. The significant reduction in Hb further causes ischemia and
hypoxia and the redistribution of blood in the body, causing or aggravating microcirculation disorders. Eventually, sepsis and
significantly reduced Hb complement each other and cause adverse effects on tissue organs. We speculate that the decrease in
Hb may reflect the level of inflammation in the body. Jung SM'® found that low hemoglobin levels (< 9.0 g/dL) were observed
in approximately 20% of patients with septic shock, and the severity of the decrease in these levels correlated with mortality;
the lower the Hb level was, the higher the mortality rate. In addition, this study found that the incidence of complications in
neonates with LOS was closely related to the severity of anemia caused by a decrease in Hb. Patients with moderate or severe
anemia caused by a decrease in Hb were more likely to have complications. Additionally, this study found that after the
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occurrence of sepsis and before the occurrence of complications, the transfusion of red blood cells may increase the incidence
of complications. Many studies have also shown that the transfusion of red blood cells can lead to the occurrence of NEC,'**°
increase the chance of surgery in children with NEC and reduce the survival rate." A foreign study on blood transfusion after
sepsis onset in children showed that after sepsis-related anemia, compared to the restrictive strategy group, there was
a significantly higher incidence of acute respiratory distress syndrome and acute lung injury in the liberal transfusion
group. Moreover, mortality was significantly higher, and liberal transfusion might be associated with a worse outcome.** In
addition, other studies found that the transfusion of red blood cells may increase the mortality of critically ill patients.”*** It
should be pointed out that the decrease in Hb may sometimes be caused by blood dilution related to fluid load.'”** Therefore,
after the occurrence of sepsis, even if Hb is reduced, it is necessary to strictly grasp the blood transfusion pointer and carefully
infuse red blood cells.

Further logistic regression showed that a decrease in Hb was an independent predictor of complications in neonates
with LOS. By comparing the ROC curves of decreases in Hb, the results showed that the AUC was 0.807 for decreases in
Hb, which suggests that a decrease in Hb (cutoff value: 14.5) may help to predict the occurrence of complications in
neonates with LOS.

The Effect of Hypoproteinemia on the Complications and Prognosis of Neonates with
LOS

This study found that the incidence of hypoproteinemia in the complicated group was significantly higher than that in the
noncomplicated group. Logistic regression showed that hypoproteinemia was an independent predictor of complications in
neonates with LOS. Albumin can be reduced by approximately 10-15 g/L within 1 week after sepsis. After infection, a large
number of inflammatory mediators, such as interleukin-1 (IL-1), IL-6 and tumor necrosis factor-a, are released, which can
inhibit albumin synthesis. In addition, when children have sepsis, they will have fever, stress and inflammation. These
symptoms will accelerate metabolism, and a large amount of albumin in the body will quickly synthesize acute-phase protein,
causing the albumin level to drop.*® Additionally, increased permeability and the destruction of vascular endothelial integrity
can also lead to hypoalbuminemia.'® Hypoproteinemia can cause the plasma colloid osmotic pressure to drop, and a large
amount of fluid remains in the tissue gap, which reduces the effective blood volume of the body and causes damage to multiple
organ functions. In addition, albumin can clear free radicals in the body and inhibit the production of oxygen free radicals by
multinuclear cells. However, when sepsis occurs, a large number of inflammatory factors are secreted, leading to proin-
flammatory and anti-inflammatory imbalances in the body; the activity of free radicals is uncontrolled, and a large number of
free radicals are produced. The occurrence of hypoalbuminemia leads to a weakening of the body’s ability to scavenge free
radicals and promotes the development of sepsis. Therefore, it is necessary to pay attention to children with hypoalbuminemia
after the occurrence of infection. For those with sepsis complicated with hypoalbuminemia, hypoalbuminemia should be
actively corrected to reduce the incidence of complications.

Limitations

This study has some limitations. First, this study was retrospective, and the data were not available for all variables and
were reliant on what was captured by the treating physician. Second, there was a limitation in using the logistic
regression model to explore associations since the relationship between covariates can be nonlinear, and the limitations
of the current study in adjusting for confounding factors may have had an impact on the results.

Conclusion
A careful analysis of decreases in Hb and hypoproteinemia within 1 week after LOS, which is an easily accessible and
affordable tool, may help to predict the occurrence of complications in neonates with LOS in the early stage.
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