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Abstract

BACKGROUND

Neonatal sepsis is a life-threatening disease. Early diagnosis is essential, but no single
marker of infection has been identified. Sepsis activates a coagulation cascade with
simultaneous production of the D-dimers due to lysis of fibrin. D-dimer test reflects the

activation of the coagulation system.

AIM
This study aimed to assess the D-dimer plasma level, elaborating its clinicopathological

value in neonates with early-onset and late-onset neonatal sepsis.

METHODS

The study was a prospective cross-sectional study, included ninety neonates; divided
into three groups: Early-onset sepsis (EOS) {Group I}, late-onset sepsis (LOS) {Group
II}, and control group {Group III}. We diagnosed neonatal sepsis according to our
protocol. CRP and D-Dimer assays were compared between EOS and LOS and

correlated to the causative microbiological agents.

RESULTS




D-dimer was significantly higher in septic groups with a considerably higher number of
cases with positive D-dimer. Neonates with LOS had substantially higher levels of D-
Dimer than EOS, with no significant differences in CRP. Neonates with LOS had a
significantly longer hospitalization duration and higher gram-negative bacteriemia and
mortality rates than EOS (P <0.01*). Gram-negative bacteria have the highest D-Dimer
levels (Acinetobacter, Klebsiella, and Pseudomonas) and CRP (Serratia, Klebsiella, and
Pseudomonas); while gram-positive sepsis was associated with relatively lower levels.
D-Dimer had a significant negative correlation with hemoglobin level and platelet
count; and a significant positive correlation with CRP, hospitalization duration, and
mortality rates. The best-suggested cut-off point for D-dimer in neonatal sepsis was 0.75
mg/L, giving a sensitivity of 72.7% and specificity of 86.7%. In the current study, the D-

dimer assay had specificity and comparable sensitivity relative to CRP.

CONCLUSION
The current study revealed a significant diagnostic value for D-dimer in neonatal sepsis.
D-Dimer can be used as an adjunct to other sepsis markers to increase the sensitivity

and specificity of diagnosing neonatal sepsis.
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Core Tip: The study aimed to define the diagnostic and prognostic value of D-Dimer
assay in early and late-onset sepsis. We prospectively studied CRP and D-Dimer levels
in 90 neonates divided into three groups: control, Early-onset sepsis, and late-onset
sepsis. D-dimer was significantly higher in the septic groups, more in late-onset than

early-onset sepsis, and with gram-negative sepsis than gram-positive sepsis. The best-




suggested cut-off point for D-dimer in neonatal sepsis was 0.75 mg/L, giving a

sensitivity of 72.7% and specificity of 86.7%.




INTRODUCTION

Neonatal sepsis is a severe systemic inflammatory response to blood-stream infection
with high morbidity and mortality during the neonatal period. Early and proper
diagnosis of neonatal sepsis is critical for timely-administered antibiotics, decreases the
length of the hospital stay, and improves the prognosis, especially the
neurodevelopmental outcome (1). To diagnose neonatal sepsis, the physicians usually
depend on the blood culture, the gold standard, and some screening tools such as acute
phase reactants and cytokines, for instance, the white blood cell count and C-reactive
protein, Procalcitonin, Interleukin-6, Interleukin-8, CD11b, and CD64. However, the
blood culture yield is not always accurate, with the possibility of false-negative and
positive results. Acute phase reactants and cytokines may have high sensitivity to
diagnose bacterial sepsis, but they may lack high specificity and good predictive value
(2, 3).

As sepsis is a clinical condition resulting from the interaction between the microbial
agent and the host immune, inflammatory, and coagulation responses, some studies
showed changes in the circulating coagulation proteins coupled with impaired
fibrinolytic activity in patients with confirmed sepsis (4). Activation of the coagulation
cascade resulting from the released sepsis-induced; inflammatory cytokines enhance
degradation of cross-linked fibrin polymers with increased production of D-Dimer (5).
Consequently, D-Dimer is considered a specific marker for increased procoagulatory
activity and fibrinolysis. Elevation of D-Dimer and fibrinogen degradation products
rapidly occurs after DIC initiation, which may arise as a complication of sepsis (6).
Activation of the coagulation reflected by the increase in D-Dimer levels contributes
significantly to the sepsis outcome. Different ways to assess D-dimer level are available,
including enzyme-linked immunofluorescence immunoassay (ELFAs), microplate
enzyme-linked  immunosorbent assay (ELISA), latex quantitative, latex
semiquantitative, latex qualitative, and whole-blood assays (7). In this study, we aimed
to assess the plasma level of D-dimer in infants with neonatal sepsis to throw more light

on its clinicopathological value in patients having neonatal sepsis.




MATERIALS AND METHODS

The present research was a prospective cross-sectional study, conducted on ninety-four
full-term neonates, recruited serially from the Neonatal Intensive Care Unit (NICU),
Pediatric department; the tertiary care hospital of Tanta University between January
2019 to January 2021. The recruited neonates were divided into three comparable
groups: Group I included neonates with early sepsis (who developed sepsis within the
first week after childbirth), Group II included neonates with late neonatal sepsis (who
developed sepsis within the first week after birth), and Group III included healthy
neonates with no clinical manifestation of sepsis and negative CRP and GERDE sepsis
screen less than two, recruited from the postnatal ward of the Obstetric Department and
the outpatient clinic. All parents, guardians, or next of kin signed informed consent for
the minors to participate in this study. The Institutional Ethical and Research Review
Board of Faculty of Medicine, Tanta University, approved the study.

We diagnosed neonatal sepsis based on the presence of suspected clinical signs of
sepsis, positive CRP (= 10mg/L), positive Gerdes' sepsis screen (22), and positive blood
culture. Sepsis was suspected in the presence of fever or temperature instability,
irritability, lethargy, feeding difficulty, apnea or respiratory distress, hepatomegaly,
abdominal distention, convulsion, hypotonia, hemodynamic instability, or bleeding
diathesis. As the diagnosis of neonatal sepsis is hampered by the frequent presence of
non-infectious conditions that may mimic sepsis, we only included those with proven
sepsis and positive blood culture in the study. According to Neonatal Intensive Care
Unit protocol, all children with suspected sepsis received the appropriate management.
We excluded premature neonates and neonates with congenital heart diseases, hypoxic-
ischemic encephalopathy of any degree, liver diseases, renal diseases, hereditary
coagulopathy, or other sepsis-not related systemic disorders that could affect the level
of CRP or D-Dimer levels. All included neonates had thorough prenatal, natal, and
postnatal history, thorough clinical examination, complete blood cell count (CBC) with

differential, C-reactive protein (CRP) levels, urine examination and culture, blood




culture, cerebrospinal fluid (CSF) examination, and culture, and other infection markers
as indicated. Chest X-ray, echocardiography, or abdominal x-ray were tailored
according to the clinical indications. The D-Dimer assay was performed using the D-
Dimer test device (NycoCard D-dimer, Axis-Shield, Oslo, Norway) and the Nycocard
READER II (NycoCard READER II, Axis-Shield, Oslo, Norway). It is a single rapid test
for detection of D-Dimer in plasma and is based upon an immunometric flow-through,
sandwich-format, immunofiltration principle. CRP levels were measured using
high- sensitive Tinaquant CRP (Latex) immunoturbidimetric assay using Roche
Modular P analyzer (CRP latex HS, Roche kit; Roche Diagnostics, GmbH, D- 68298
Mannheim, Germany), following the manufacturer's instructions.

STATISTICAL ANALYSIS:

We used the Power and Precision V3 program to estimate the power level of the
primary endpoint (serum level of D-dimer with a mean level of 1.0 + 0.3 mg/L)
(http:/ / www Power-Analysis.com, Englewood, New Jersey). The power level was 90%
when using 30 patients for each group. The collected data were organized, tabulated,
and statistically analyzed using SPSS version 19 (Statistical Package for Social Studies,
IBM, Illinois, Chicago, USA). For numerical values, the range means and standard
deviations were calculated. The differences between the two mean values were used
using the student's t-test. Differences of mean values between more than two groups
were tested by analysis of variance (F). We used the Scheffe test to compare every two
groups when we found significance. The number and percentage were calculated for
categorical variables, and differences between subcategories were tested by chi-square
(X2). Fisher and Monte Carlo exact tests were used when chi-square was not
appropriate. We used the Recipient Observer Characteristics (ROC) test to evaluate the
diagnostic power of the different diagnostic techniques. We used Pearson's correlation
coefficient to test the relations between two variables. Sensitivity, specificity, and
predictive values were calculated to differentiate the ability to diagnose sepsis by CRP,

Gerdes, and I/ T ratio. We adopted the level of significance at p<0.05.




RESULTS

Figure 1 shows the flow chart of the study, which included three groups: the control
group (30 healthy neonates), Neonates with EOS (30 neonates after exclusion of 36
neonates), and neonates with LOS (30 neonates after exclusion of 8 neonates). The
neonates were recruited sequentially. Table 1 and Figure 2 show the groups'
demographics, clinical presentation, and laboratory testing. There were no significant
differences between the groups in the male-to-female ratio, presentation weight, and
cesarean section rate. However, neonates with LOS presented significantly older age
than those with EOS (P <0.001*), and more common in males than females. We found
no significant differences in the clinical presentation between EOS and LOS, despite that
respiratory distress was more common in the EOS while cyanosis was more common in
LOS. However, the number of neonates with a positive Gerdes score (22) was
significantly higher in the EOS than in LOS. Premature rupture of membranes was
present in 20% of cases with EOS. While umbilical vein catheterization or endotracheal
intubation was more common in EOS, combined umbilical vein catheterization and
endotracheal intubation were significantly more common in LOS. Neonates with EOS
had a substantially higher rate of thrombocytopenia than LOS. However, Neonates with
LOS had considerably higher levels of D-Dimer than EOS. Meanwhile, we found no
significant differences in CRP levels in neonates with EOS or LOS. However, neonates
with LOS had a significantly longer duration of hospitalization and higher mortality
rates than neonates with EOS.

Table 2 shows the microbial profile of neonates with EOS and LOS. It showed that the
gram-negative bacteremia rate was significantly higher in LOS than EOS, while the rate
of gram-positive bacteremia was markedly higher in EOS than LOS (P <0.01%).
Klebsiella was the most common isolated gram-negative organism, while Group B
Streptococcus was the most common isolated gram-positive organism. Table 3 showed
the blood levels of D-Dimer and CRP according to the isolated organism with gram-
negative bacteria having the highest levels of D-Dimer (Acinetobacter, Klebsiella, and

Pseudomonas) and CRP (Serratia, Klebsiella, and Pseudomonas). On the other hand, gram-




positive sepsis was associated with relatively lower levels of D-Dimer and CRP. Table 4
showed that D-Dimer had a significant negative correlation with hemoglobin level and
platelet count while having a significant positive correlation with CRP, duration of the
hospital stays, and mortality. The D-Dimer levels were non-significantly higher in the
neonates who died (1.91+ 1.72) than those who survived (1.81 + 1.68) [P >0.05]. We used
the receiver operating characteristic (ROC) curves to evaluate the diagnostic power
(discriminative ability) of D-Dimer to diagnose neonatal sepsis. It revealed a significant
diagnostic value for D-dimer for neonatal sepsis. The best-suggested cut-off point for D-
dimer in neonatal sepsis is 0.75 mg/L, giving a sensitivity of 72.7% and specificity of

86.7% (table 5).

DISCUSSION

The current study examined D-Dimer yield in the diagnosis of neonatal sepsis in 90
neonates, divided into three groups, early-onset, last onset sepsis, and a control group.
Despite there being no significant differences in gender among the studied group, we
observed an increased rate of LOS in males than females, which could be related to a
diminished cell-mediated immune response in males as it is an X-chromosome-linked
trait with the expreaion of some sex-specific pro-and anti-inflammatory cytokines (8).
D-dimers are the D fragments of fibrinogen resulting from fibrinolysis during the
plasmin mediated lysis of fibrin and are more specific than fibrin/fibrinogen
degradation products and can serve as an indicator of microcirculatory failure (9). In the
current study, we found a significant increase in serum level of D-Dimer in both patient
groups with sepsis compared to the control, being significantly higher in the LOS than
the EOS. These findings agree with the work of Peker ef al and Mautone et al, who
found high D-Dimer levels in neonates with sepsis (10, 11). These results contrast with
the finding of Brahmana AR et al, who found low D-Dimer in neonates with sepsis (12).
This difference could be related to the age of the neonates recruited, as they included

preterm babies in their study.




Our study found that D-Dimer has a high sensitivity (72.7%) and specificity (86.7%) to
diagnose neonatal sepsis with a cut-off point of 0.822 mg/L. This finding agrees with
the work of Kumar et al, who found that D-Dimer had a sensitivity (90.0%) and negative
predictive value (84.4%) in predicting sepsis (13). Considering the relatively high
sensitivity of D-Dimer, it can be beneficial as an additional diagnostic tool for neonatal
sepsis. However, we should consider the relatively low specificity of D-Dimer. The
current study observed that D-Dimer was higher in the LOS than neonates with EOS.
The increase of D-Dimer is LOS than EOS may be related to increased frequency of
gram-negative bacterial sepsis and rate of invasive procedures such as umbilical vein
catheterization and endotracheal intubation compared to EOS, as we observed a
significant increase of D-dimer plasma levels in gram-negative sepsis when compared
to EOS. Previous studies showed that the inflammatory cytokines, reflecting the
severity of infection, increased from 1.5-5 folds in gram-negative sepsis compared to
gram-positive sepsis (14). Unfortunately, we did not find previous studies comparing
D-Dimer levels between gram-negative and gram-positive sepsis. Meini et al found that
D-Dimer level can predict the severity and the course of severe invasive infections
caused by the gram-negative bacteria Neisseria meningitides while failing to expect the
course of the disease in invasive infections caused by Streptococcus pneumoniae (15). The
increased rate of invasive procedures in LOS compared to EOS in our study could be an
effect rather than a cause due to the increased rate of gram-negative sepsis with
increasing severity. Meanwhile, there were higher rates of maternal risk factors such as
premature rupture of membranes in the neonates with EOS than with LOS in our study.
This finding could explain why gram-positive sepsis was relatively more common in
EOS than LOS.

In the current study, we observed a significant positive correlation of D-dimer with
CRP level, duration of hospitalization, and mortality rate. CRP is a marker of
inflammation and plays a role in the inflammatory process itself, activating the
complement pathway, phagocytosis, apoptosis, and the production and release of

cytokines (16). CRP evaluation has a role in neonatal sepsis diagnosis even though




many studies showed low or at least variable validity in screening neonatal sepsis and
being a non-specific test (17, 18). However, it is a good indicator of the success of the
antibiotic treatment (19). The addition of D-Dimer to CRP can increase the sensitivity
and specificity of both tests in the diagnosis of neonatal sepsis. We also observed a
significant positive correlation of the level of D-Dimer with the duration of
hospitalization, which agrees with the results of previous studies (20, 21). The positive
correlation of D-Dimer level with the mortality rate observed in the current study is
related to many factors as high D-Dimer is observed in gram-negative sepsis, which
carries high mortality risk and is associated with elevated CRP, indicating the severity
of inflammation.

The high mortality observed in the current study is related to the high percentage of
gram-negative sepsis included in the study. Our NICU is the leading tertiary NICU in
the region, receiving critically sick and septic neonates from peripheral units. Most of
the isolated gram-negative organisms were Acinetobacter and Klebsiella; most were
MDR. Meanwhile, many neonates had severe thrombocytopenia and markedly elevated
CRP, which predict a worse prognosis. Our results agree with the work of meta-
analysis done by Shah et al, who found that patients with COVID-19 infection and
elevated D-dimer levels had a higher risk of severe morbidity and mortality (22). Our
results also agree with the work of Ay et al, who found that a high D-dimer level was
associated with a poor survival rate and high mortality rate in patients with cancer (23).
In the current study, we found a significant negative correlation of D-Dimer with both
hemoglobin % and the platelet count. Platelets have an active role in the host defense
mechanisms as they can perform phagocytosis. Their activation helps generate cytotoxic
free radicals and oxidative molecules used to destroy the invading organisms (24). The
current study found thrombocytopenia in 73% and 40% of EOS and LOS, respectively.
Thrombocytopenia could be one of the presenting signs of neonatal sepsis but lack
sensitivity and specificity and may appear late in the disease, which questions its
usefulness as an initial marker of neonatal sepsis. However, we found a significant

negative correlation between platelet count and plasma D-Dimer levels. This correlation




could reflect the presence of early or developing DIC, which is linked to the increase in
fibrin degradation products (FDP) and consequently D-Dimer levels and increased
platelet consumption (25). Other possible causes of neonatal sepsis-associated
thrombocytopenia could be related to increased platelet activation, diffuse endothelial
cell injury, bacterial/fungal toxins-associated platelet destruction (26). Our results agree
with Ree ef al, who reported that thrombocytopenia is independently associated with
intravascular thrombosis and gram-negative sepsis, increasing the mortality risk nearly
four to six-fold, especially in gram-negative sepsis (27).

Limitations

We have some limitations in the current study. We had a relatively small sample size.
At the same time, the study was conducted in a single institution so that the results

could not be generalized.

CONCLUSION

Neonatal sepsis is a life-threatening disease with high mortality and morbidity. D-
dimer is a promising biomarker for neonatal sepsis, predicting morbidity and mortality.
The current study revealed a significant diagnostic value for D-dimer in neonatal sepsis.
D-Dimer can be used as an adjunct to other sepsis markers to increase the sensitivity

and specificity of diagnosing neonatal sepsis.
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