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Abstract: The COVID-19 pandemic has raised concerns about its impact on maternal and neonatal health. This
study aimed to investigate the influence of maternal COVID-19 infection during pregnancy on neonatal
inflammatory parameters. A retrospective cohort study was conducted at Premiere Hospital in Timisoara
between May 2021 and January 2022. Participants were categorized into two groups: the COVID-19 positive
group, consisting of patients with confirmed SARS-CoV-2 infection during pregnancy, and the control group,
which comprised COVID-19-free pregnant women. The primary outcome was the assessment of inflammatory
markers (Neutrophil-to-lymphocyte ratio, derived neutrophil-to-lymphocyte ratio, platelet-lymphocyte ratio,
and systemic immune-inflammation index) in neonates born to mothers with COVID-19. The results suggest
that maternal COVID-19 infection during pregnancy significantly impacts certain neonatal inflammatory
parameters. Specifically, newborns exposed to maternal COVID-19 exhibited elevated white blood cell (WBC)
counts, particularly when infection occurred during the first trimester. Lymphocyte counts were diminished
in neonates born to COVID-19-positive mothers, irrespective of infection trimester. Gestational age (GA)
played a role in altering neonatal immune profiles, with correlations observed between GA and parameters in
the Control Group (COVID-19 negative during pregnancy). However, the influence of neonatal
immunoreactivity on laboratory parameters remained generally non-significant after adjusting for GA and
infection trimester. In conclusion, maternal COVID-19 infection during pregnancy has a discernible impact on
neonatal inflammatory parameters, including WBC and lymphocyte counts, which may have clinical
implications.

Keywords: COVID-19; neonatal outcomes; inflammatory markers; maternal infection

1. Introduction

The coronavirus disease (COVID-19) pandemic had a significant impact on the world, with more
than 700 million people affected by the virus and nearly 7 million deaths recorded [1]. Although it
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has been suggested that pregnant women are no more susceptible to the infection than the general
population, they are particularly vulnerable to severe infections due to changes in their immune
system, which can increase the risk of severe disease and adverse outcomes for both the mother and
the fetus [2,3].

SARS-CoV-2, the virus responsible for COVID-19, has been shown to cause respiratory distress,
pneumonia, and acute respiratory distress syndrome (ARDS), all of which can lead to adverse
outcomes in pregnant women [4,5].

Inflammation is a crucial component of the immune response to infection [6]. However,
excessive or prolonged inflammation can lead to tissue damage and other complications such as
hemodynamic changes and organ failure [6,7]. In pregnant women, inflammation can lead to adverse
outcomes, including preterm labor, preeclampsia, and fetal growth restriction [8-11]. COVID-19 has
been shown to cause a systemic inflammatory response, which can have significant implications for
both the mother and the fetus [12,13].

Recent studies have reported an increased risk of adverse outcomes in pregnant women with
COVID-19, including preterm birth, preeclampsia, and fetal distress [14-16].

However, there is currently limited knowledge regarding the effects of maternal COVID-19
infection during pregnancy on the inflammatory profile and immune system of the newborn.
Analyzing inflammatory markers in neonates born to mothers with COVID-19 can offer valuable
insights into the influence of maternal infection on the fetal immune system and the potential risks
linked to this exposure.

Neutrophils-to-lymphocytes ratio (NLR), platelets-to-lymphocytes (PLR), derived neutrophils-
to-lymphocytes ratio (ANLR) and systemic immune-inflammation index (SII) are all markers of
inflammation and immune response [17,18]. These ratios have been used as potential markers of
inflammation in various conditions, including infectious diseases, cancer, and autoimmune disorders
[19-21].

In the context of COVID-19, studies have shown that elevated NLR and PLR levels are associated
with disease severity and poor outcomes in adult patients [18]. However, little is known about the
utility of these markers in evaluating the impact of maternal COVID-19 infection on the fetal immune
system and neonatal outcomes.

The aim of this study was to assess inflammatory markers in newborns whose mothers were
infected with SARS-CoV-2 during pregnancy.

2. Materials and Methods
2.1. Study Design and Setting

A retrospective cohort study was conducted on a cohort of 296 patients who underwent
parturition at Premiere Hospital in Timisoara between May 2021 and January 2022. These patients
were stratified into two distinct groups according to their COVID-19 status during the gestational
period.

2.2. Participants

The eligibility criteria for the study included pregnant women who gave birth at Premiere
Hospital in Timisoara between May 2021 and January 2022. For the COVID-19 positive group,
patients had to have a confirmed SARS-CoV-2 infection during pregnancy, as diagnosed by RT-PCR
testing. Patients with pre-existing medical conditions such as chronic hypertension, diabetes, or
autoimmune disorders were excluded from the study. Patients with other proven infections during
pregnancy were also excluded from the analysis.

2.3. Variables

The primary outcome of the study was to evaluate the levels of inflammatory markers, including
NLR, dNLR, PLR, and SII, in neonates born to mothers with COVID-19 during pregnancy.
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The main exposure of interest was maternal SARS-CoV-2 infection during pregnancy, confirmed
by RT-PCR testing.
Potential confounders included maternal age and trimester of infection.

2.4. Data Sources/Measurement

Demographic and clinical characteristics as well as laboratory results were extracted from the
patients’ electronic records using standard forms.

SARS-CoV-2 infection was diagnosed by RT-PCR testing, following the guidelines of the World
Health Organization. Maternal comorbidities such as hypertension and diabetes were diagnosed
based on medical history, physical examination, and laboratory testing. Inflammatory markers were
measured from peripheral blood samples using standard laboratory techniques. Both the NLR and
PLR are calculated by dividing the absolute count of neutrophils and platelets, respectively, by the
absolute count of lymphocytes. dNLR was calculated using the following formula: neutrophil count
/ (WBC count — neutrophil count). SII was determined by the following formula: (NxP)/L (N, P and L
represent the number of neutrophils, the number of platelets and the number of lymphocytes,
respectively). The immunoreactivity of SARS-CoV-2, in both neonates and mothers, was ascertained
through the detection of IgG or Anti-S antibodies in peripheral blood samples.

2.6. Statistical Analysis

Statistical analysis was executed employing the Python programming language. Continuous
variables were compared using the Mann-Whitney U test, and categorical variables were compared
using the Fisher’s exact test. Correlation coefficients between continuous variables were calculated
using Spearman rank correlation. The Kruskal-Wallis H test was used to determine if there were
statistically significant differences between two or more independent groups on laboratory
inflammatory tests. To examine the effects on inflammatory tests of categorical independent variables
(COVID-19 status during pregnancy or maternal/neonatal immunoreactivity) while adjusting for
other variables (gestational or trimester of infection), multiple linear regression was performed.

3. Results
3.1. Participants

Out of the initial cohort of 367 women who underwent childbirth at Premiere Hospital Timisoara
during the study period, a total of 71 were subsequently excluded. Consequently, the final analysis
encompassed 296 participants, with 135 individuals having contracted COVID-19 during their
gestational period, and 161 individuals who remained COVID-19-free throughout pregnancy (Figure

Potentially Eligible:
367 women who gave birth at Premiére Hospital Timisoara, Romania
between May 2021 and February 2022
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Figure 1. Flow-Chart on the selection and division of participants into groups.
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Clinical and demographic characteristics did not show statistically significant differences
between groups (Table 1).

Table 1. Baseline characteristics of the 296 mothers and newborns included in the study.

COVID-19 during  Covid-19- free p-value
Overall regnancy- during pregnanc
Parameters (n=296) F Ggrouply C%rgupg 2 ’
(n=135) (n=161)
Maternal
Characteristics
Agel 33.0 (6.0) 0.51
[median (IQR)] 32 (6) 32.0 (5.0)
Gestation! 1(1) 0.37
[median (IQR)] 1(1) 2.0 (1.0)
Parity? 1(1) 0.01
[median (IQR)] 1(1) 1.0 (1.0
GA at birth! 39 (1) 39 (1) 39 (1) 0.26
Infe.ctlon date B 23 (15) - -
(gestational weeks)!
Maternal Chronic
Disease
Diabetes? 2 (0.67%) - 2 (1.24%) 0.05
HTA? 2 (0.67%) - 2 (1.24%) NA
Cardiovascular? 3 (1.01%) 3 (2.22%) 0 0.09
Hepatitis? 5 (1.68%) 2 (1.48%) 3 (1.86%) 1.00
Thyroid_disease? 36 (12.16%) 12 (8.88%) 14 (14.90%) 0.15
C-sections? 210 (70.94%) 103 (76.29%) 107 (66.45) 0.07
Preterm birth? 14 (4.72%) 6 (4.44%) 8 (4.96%) 1.0
COVID-19
Symptoms
Respiratory - 88 (29.72%) - -
Fever - 37 (12.5%) - -
Anosmia - 49 (16.55) - -
Newborns
Characteristics
Weight! 3325.0 (515.0) 3360.0 (535.0) 3300.0 (480.0) 0.23
Height! 51 (1) 51.0 (1.5) 50.0 (1.0) 0.17
APGAR score! 9 (0) 9 (0) 9 (0) 0.16

! The comparison was performed using Mann-Whitney U test. 2 The comparison was performed using Fisher’s

exact test.

Laboratory findings indicate that there were no noteworthy disparities in maternal parameters
between the two groups. However, concerning the neonates, it is noteworthy that white blood cell
counts (WBC), lymphocyte counts, and neutrophil counts exhibited statistically significant elevations
among newborns whose mothers had contracted COVID-19 during pregnancy. Regarding NLR,
dNLR, and SII, there were no discernible significant differences observed between the groups.
Nonetheless, intriguingly, PLR exhibited notably higher values among infants whose mothers
remained free of COVID-19 during their gestational period (Table 2).
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Table 2. Laboratory parameters among 296 mothers and newborns included in the study.

Parameters Overall Cases Group Control Group p-value
(n=365) (n=167) (n=200)
Maternal Laboratory
Data
WBC 9.75 (3.08) 9.63 (2.67) 9.79 (3.34) 0.94
Neutrophils (%) 69.8 (7.84) 70.2 (6.90) 69.2 (8.89) 0.39
Neutrophils 6.73 (2.76) 0.79
(x10°/L) 6.80 (2.58) 6.84 (2.41)
Lymphocytes (%) 21.0 (6.97) 20.9 (5.5) 21.3(8.7) 0.71
Lymphocytes 2.04 (0.81) 0.84
(x10°/L) 2.03 (0.76) 2.01 (0.70)
Platelets 232.0 (73.5) 235.0 (68.0) 228.0 (80.25) 0.05
NLR 3.32(1.47) 3.34 (1.23) 3.27 (1.93) 0.69
dNLR 2.31 (0.86) 2.35(0.77) 2.24 (1.00) 0.34
PLR 34.15 (14.30) 34.77 (14.62) 33.78 (14.10) 0.21
SII 762.58 (469.72) 788.09 (410.62) 741.29 (513.44) 0.23
Neonates
Laboratory Data
WBC 19.78 (5.86) 20.41 (5.77) 19.26 (5.91) 0.03*
Neutrophils (%) 63.05 (10.34) 63.5 (9.50) 62.3 (10.30) 0.26
Neutrophils 12.18 (4.92) 0.03*
(x10°/L) 12.56 (5.34) 12.88 (5.62)
Lymphocytes (%) 20.3 (7.52) 20.3 (7.5) 20.2 (7.80) 0.26
Lymphocytes 3.76 (1.22) 0.0001*
(x10°/L) 3.99 (1.35) 4.12 (1.46)
Platelets 303.5 (74.25) 303.0 (82.0) 304.0 (66.0) 0.96
NLR 3.12 (1.61) 3.11 (1.54) 3.13 (1.64) 0.72
dNLR 1.70 (0.79) 1.73 (0.75) 1.65 (0.75) 0.26
PLR 77.37 (29.31) 73.29 (27.92) 79.34 (25.81) 0.0009*
CRP 0.2 (0.4) 0.2 (0.5) 0.2 (0.4) 0.28
SII 945.67 (542.38) 959.09 (518.51) 941.26 (574.39) 0.75

Note: Comparison was performed using the Mann-Whitney-U test; * Statistically significant.

Furthermore, the results indicate the absence of significant differences in platelet counts, PLR,
SII, NLR, and neutrophil values, according trimester of infection. Nevertheless, notably, white blood
cell (WBC) counts were observed to be significantly elevated in neonates born to mothers who
contracted the infection during the first trimester, as opposed to neonates born to mothers who did
not experience a COVID-19 infection during pregnancy. In addition, it is worth noting that the
lymphocyte counts in neonates born to mothers who remained COVID-19-free during pregnancy
were significantly diminished in comparison to those born to mothers who had contracted COVID-

19 during pregnancy, irrespective of the trimester in which the infection occurred (Figure 2).
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Figure 2. Laboratory parameters according to the trimester of infection.: (a) Neonatal Platelets; (b)
Neonatal PLR; ¢) Neonatal SII; d) Neonatal NLR; e) Neonatal WBC; f) Neonatal Neutrophils; g)
Neonatal Lymphocytes.

Moreover, we posited that the laboratory findings in neonates might be subject to the influence
of gestational age (GA) at the time of birth. Spearman correlation analysis reveals a positive
correlation between GA and WBC counts (r= 0.16, p= 0.04), respectively, neutrophil counts (r=0.18,
p=0.01) in the control group (COVID-19 negative during pregnancy). However, in the cases group
(COVID-19 positive during pregnancy), no statistically significant correlation was discerned.
Additionally, there is no notable correlation between lymphocyte counts and gestational age in either
group.

In terms of NLR, there is a positive correlation with GA in the control group (r= 0.18, p= 0.02),
with no significant correlation in the cases group. In contrast, platelets and PLR correlated positively
with gestational age in the case groups (r = 0.24, p = 0.005; respectively r = 0.20, p = 0.01), while in the
control group there was no statistically significant correlation. In terms of SII it correlates positively
with GA in both groups (Figure 3).
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Figure 3. Correlation analysis, according COVID-19 status during pregnancy, between gestational age
at birth and: (a) Neonatal WBC; (b) Neonatal Neutrophils; ¢) Neonatal Lymphocytes; d) Neonatal
NLR; e) Neonatal dNLR; f) Neonatal Platelets; g) Neonatal PLR, and h) Neonatal SII; Note: Group
Cases= COVID-19 during pregnancy, Group Control= COVID-19- free during pregnancy.

Furthermore, Kruskal-Wallis Test was conducted to examine the differences on laboratory tests
results according to COVID-19 status during pregnancy (Group) and gestational age at birth (Table
3). There are statistically significant differences in lymphocyte counts and the Platelet-to-Lymphocyte
Ratio (PLR) among different levels of GA and groups. However, for the other laboratory tests, there
are no statistically significant differences among these groups.

Table 3. Kruskal-Wallis Test between laboratory tests, according GA and groups.

Variable Kruskal-Wallis H Statistic p-value
WBC newborn 18.67 0.17
Neutrophils newborn 13.73 0.46
Lymphocytes newborn 2451 0.03
NLR newborn 14.48 0.41
dNLR newborn 13.79 0.46
Platelets newborn 18.05 0.20
PLR newborn 26.90 0.01
SII 22.76 0.06

In addition, multiple linear regression was used to test whether GA and COVID-19 status during
pregnancy significantly predicted the outcome of laboratory tests (Table 4).
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Table 4. Multiple Linear Regression between laboratory tests, and GA and groups.

Model Coefficients Std. error p-value 95%ClI
Variable Covariates Lower Upper
WBC newborn GA 0.518 0.21 0.01 0.089 0.949
Group -1.167 0.55 0.03 -2.260 -0.074
Neutrophils CA 0.45 0.18 0.01 0.090 0.828
newborn
Group -0.87 0.47 0.06 -1.812 0.061
Lymphocytes GA -0.026 0.04 0.56 0115 0.063
newborn
Group -0.47 0.11 0.00 -0.705 -0.253
NLR newborn GA 0.135 0.06 0.02 0.017 0.255
Group 0.13 0.15 0.39 -0.172 0.432
dNLR newborn GA 0.055 0.02 0.04 0.001 0.110
Group -0.055 0.07 0.43 -0.194 0.083
Platelets newborn GA 6.339 2.51 0.01 1.391 11.289
Group 1.30 6.38 0.83 -11.265 13.881
PLR newborn GA 1.652 1.06 0.12 -0.436 3.740
Group 8.59 2.69 0.002 3.287 13.899
SII GA 63.78 20.24 0.002 23.944 103.625
Group 40.20 51.42 0.43 -61.002 141.418

Both GA and COVID-19 status are significant predictors of WBC counts in newborns (Figure 4).
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Figure 4. Multivariate Regression Analysis of WBC Newborn, with GA and COVID-19 status during
pregnancy. Note: COVID-19 positive during pregnancy= 0; COVID-19-free during pregnancy= 1.

In addition, COVID-19-free during pregnancy is a significant predictor, with a negative effect
on lymphocyte counts and with a positive effect on PLR. However, COVID-19 status during
pregnancy does not significantly predict NLR (Table 5).

Further, taking into account the presence of pre-eclampsia, in women without this pathology, it
is concluded that the WBC, neutrophil and lymphocyte values of newborns were significantly higher
in infants from the case group. In women with pre-eclampsia, the values of all biomarkers did not
show significant differences between control and case groups (Figure 5).
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Furthermore, when including pre-eclampsia as a covariate in the regression analysis, the results
show that COVID status remains a significant predictor of neonatal WBC, Lymphocytes, and PLR.

Table 5. Multiple Linear Regression Coefficients for Neonatal Variables Based on Maternal COVID-
19 status during pregnancy (Group) adjusted on Gestational Age (GA), and Preeclampsia presence.

Model * Coefficients Std. error p-value 95%CI
Variable Lower Upper
WBC newborn -1.161 0.55 0.03 -2.256 -0.066
Neutrophils newborn -0.869 0.47 0.06 -1.809 0.069
Lymphocytes newborn -0.479 0.11 0.00 -0.705 -0.253
NLR newborn 0.131 0.15 0.39 -0.171 0.434
dNLR newborn -0.054 0.07 043 -0.194 0.084
Platelets newborn 1.059 6.39 0.86 -11.523 13.641
PLR newborn 8.490 2.69 0.002 3.181 13.801
SII 39.720 51.54 0.44 -61.729 141.169

Note: Coefficients are for the control group (Infants born to women COVID-19- free during pregnancy) versus
the case group.
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3.2. Subgroup Analysis-COVID-19 Positzive during Pregnancy

Regarding the correlation of blood test values of newborns of COVID-19 positive mothers
during pregnancy, with the infection date (gestational weeks), WBC count in newborns exhibited a
weak negative correlation with the infection date with no statistical significance (rho =-0.046, p=0.59).
No significant correlations were observed between the infection date and neutrophil or lymphocyte
counts in newborns

Neonatal NLR and derived NLR (dNLR) demonstrated positive correlations with the infection
date but also without statistical significance (rho=0.019, p=0.82 and rho = 0.03, p= 0.68, respectively).

PLR and SII in newborns exhibited positive correlations with the infection date, without
statistical significance (rho = 0.059, p=0.49 and rho = 0.066, p= 0.44, respectively) (Figure 6).
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Figure 6. Correlation matrix between date of maternal COVID-19 infection (in gestational weeks) and
maternal and neonatal laboratory parameters.

Depending on the immunoreactivity of SARS-CoV-2 in mothers, a significantly lower
lymphocytes count is observed in newborns from immunopositive mothers (Figure 3). However, in
terms of neutrophils and WBCs, counts are higher in newborns of immunopositive mothers, but the
difference is not statistically significant. Additionally, the Neutrophil-to-Lymphocyte Ratio (NLR)
was significantly elevated in newborns born to mothers who exhibited immunoreactivity, in contrast
to those born to mothers who had experienced COVID-19 during pregnancy but were no longer
immunoreactive at the time of childbirth. (Figure 7).
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Figure 7. Laboratory parameters among neonates born to mothers who had experienced COVID-19
during pregnancy, according to the immunoreactivity at the time of birth. (a) Neonatal Platelets; (b)
Neonatal PLR; ¢) Neonatal SII; d) Neonatal NLR; e) Neonatal WBC; f) Neonatal Neutrophils; g)
Neonatal Lymphocytes.

Table 6 presents the results of a multiple linear regression analysis that examines the relationship
between various laboratory test results in newborns and maternal immunoreactivity, adjusted for
both gestational age (GA) and trimester of COVID-19 infection during pregnancy. The results suggest
that there is generally no statistically significant association between maternal immunoreactivity and
most of the laboratory test results in newborns after adjusting for GA and trimester of COVID-19
infection during pregnancy. The only borderline significant association is observed for NLR.

Table 6. Multiple Linear Regression between laboratory tests and mother immunoreactivity adjusted

on GA and trimester of infection.

Variables Coefficients Std. error p-value 95%ClI
Lower Upper
WBC newborn 0.077 0.81 0.92 -1.542 1.698
Neutrophils newborn  0.495 0.69 0.47 -0.874 1.865
Lymphocytes -0.350 0.18 0.06 0723 0.023
newborn
NLR newborn 0.448 0.21 0.03 0.024 0.874
dNLR newborn 0.169 0.10 0.10 -0.037 0.376
Platelets newborn -4.366 9.92 0.66 -24.007 15.274
PLR newborn 6.523 4.07 0.11 -1.534 14.582
SII 116.21 73.72 0.11 -29.620 262.05

Note: Results are for positive versus negative maternal immunoreactivity, adjusted for GA and trimester of
infection COVID-19.

Regarding neonatal parameters according to maternal COVID-19 severity, it was found that
infants born to mothers who were asymptomatic during the disease had significantly lower levels of
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lymphocytes and platelets at birth compared to infants whose mothers showed clinical symptoms
during the disease (Figure 8).

Figure 8. Laboratory parameters among neonates born to mothers who had experienced COVID-19
during pregnancy, according to the presence of maternal symptoms during the disease: (a) Neonatal
WBC; (b) Neonatal Neutrophils; (c) Neonatal Lymphocytes; (d) Neonatal NLR; (e) Neonatal dNLR;
(f) Neonatal Platelets; (g) Neonatal PLR; h) Neonatal SII.

3.3. Neonatal Outcomes in Newborns Born to COVID-19 Positive Women during Pregnancy

Regarding the outcomes of newborns of COVID-19 positive mothers during pregnancy, 52.59%
of them were immunoreactive to COVID-19 at birth. Also, 13% of them developed grade 1
intraventricular hemorrhage (IVH), 13.3% unilateral grade 1 hydronephrosis (HN), 18.52% hypoxic-
ischemic encephalopathy (EHIP), and 3.70 were admitted to the neonatal intensive care unit (NICU).
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Figure 9. Neonatal outcomes of infants born to COVID-19 positive women during pregnancy: (a)

Neonatal immunoreactivity; (b) Intraventricular hemorrhage (IVH); (c¢) Hydronephrosis (HN); (d)
hypoxic-ischemic encephalopathy (EHIP); (e) Neonatal dNLR; (f) Neonatal Platelets; (g) Neonatal
PLR; h) the neonatal intensive care unit (NICU) admission.

There is no correlation between neonatal complications and maternal or newborn

immunoreactivity at birth (Figures 10 and 11).
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Figure 10. Correlation between COVID-19 immunoreactivity of newborns and neonatal

complications: (a) Intraventricular hemorrhage (IVH); (b) Hydronephrosis (HN); (c) hypoxic-ischemic
encephalopathy (EHIP); (d) the neonatal intensive care unit (NICU) admission.
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Figure 11. Correlation between COVID-19 immunoreactivity of mother at birth and neonatal
complications: (a) Intraventricular hemorrhage (IVH); (b) Hydronephrosis (HN); (c) hypoxic-ischemic
encephalopathy (EHIP); (d) the neonatal intensive care unit (NICU) admission.

However, in newborns from COVID-19 positive mothers during pregnancy, ANOVA results
indicate significant associations between inflammatory laboratory tests and neonatal outcomes. The
Neutrophil-to-Lymphocyte Ratio (NLR) in newborns also shows significance (p-value of 0.04),
particularly in relation to IVH. Additionally, the Systemic Immune-Inflammatory Index (SII)
demonstrates a significant p-value of 0.02, suggesting a potential link to adverse outcomes such as
EHIP (Early Hypoxic-Ischemic Encephalopathy). Notably, the Platelets newborn count and Platelets-
to-Lymphocyte Ratio (PLR) exhibits a statistically significant p-values of 0.04 respectively 0.01,
indicating a potential correlation with NICU (Neonatal Intensive Care Unit) admission (Table 7).

Table 7. ANOVA between laboratory tests and neonatal outcomes.

Variables IVH HN EHIP NICU

F p-value F p-value F p-value F  p-value
WBC newborn 1.98 0.11 0.31 0.90 2.35 0.04 0.32 0.57
NLR newborn 2.52 0.04 0.98 043 2.07 0.10 0.93 0.33
dNLR newborn 1.62 0.15 0.91 0.47 1.53 0.20 0.02 0.87
Platelets newborn 2.40 0.06 0.94 0.45 3.32 0.02 422 0.04
PLR newborn 1.62 0.16 1.48 0.19 1.71 0.16 6.11 0.01
SII 3.18 0.02 0.87 0.50 3.29 0.02 2.94 0.08

Furthermore, receiver operating characteristic (ROC) curves of WBC, NLR, dNLR, Platelet, PLR,
and SII were created to determine whether the baseline of these biomarkers was predictive of the
occurrence of IVH, HN, EHIP, or NICU admission in newborns born to COVID-19 positive women
during pregnancy.

First, in terms of predicting intraventricular hemorrhage (IVH), the areas under the curve (AUC)
of WBC, NLR, dNLR, Platelets, PLR and SII were above 0.6. (Figure 12). The highest discriminatory
power had SII with an AUC of 0.686 (Table 8).
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Figure 12. Receiver operating characteristic (ROC) curves of WBC, NLR, dNLR, Platelets, PLR, and
SII in predicting intraventricular hemorrhage (IVH), in neonates born to COVID-19 positive women
during pregnancy.

Table 8. Prognostic accuracy of inflammatory markers in in predicting intraventricular hemorrhage.

Variables AUC Sensitivity Specificity
WBC 0.652 0.70 0.72
NLR 0.668 0.50 0.83
dNLR 0.646 0.75 0.66

Platelets 0.600 0.54 0.61
PLR 0.620 0.62 0.61

SII 0.686 0.70 0.52
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Figure 12. Receiver operating characteristic (ROC) curves of WBC, NLR, dNLR, Platelets, PLR, and
SIIin predicting NICU admission, in neonates born to COVID-19 positive women during pregnancy.
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In predicting NICU admissions, NLR, platelets, PLR and SII showed an AUC above 0.6. The
highest discriminatory power had PLR with an AUC of 0.869 (Table 9).

Table 9. Prognostic accuracy of inflammatory markers in in predicting NICU admission.

Variables AUC Sensitivity Specificity
WBC 0.562 0.60 0.48
NLR 0.628 0.60 0.64
dNLR 0.482 0.75 0.59

Platelets 0.793 0.80 0.63
PLR 0.869 0.80 0.79
SIT 0.850 0.80 0.71

4. Discussion

The COVID-19 pandemic has raised concerns about its potential impact on maternal and
neonatal health. This study aimed to evaluate the inflammatory markers in newborns born to mothers
with COVID-19. Understanding the impact of maternal COVID-19 infection on the fetal immune
system and potential risks associated with this exposure is crucial for providing appropriate care for
pregnant women and their newborns. Assessing these ratios in newborns born to mothers with
COVID-19 can provide insights into the immune response of the fetus to the maternal infection and
the potential risks associated with exposure to SARS-CoV-2 during pregnancy.

One of the notable findings in this study is the positive correlation between GA at the time of
birth and specific laboratory parameters in neonates, particularly in the Control Group (COVID-19
negative during pregnancy). WBC counts, neutrophil counts, and NLR were found to increase with
increasing GA. These findings align with existing literature, which indicates a progressive rise in the
mean white blood cell (WBC) count, increasing from 1,600/pL at the 15th week of gestation to
7,710/uL by the 30th week [22]. Furthermore, it is noteworthy that the neutrophil count tends to be
notably low, exhibiting a gradual increment from the 20th to the 30th week of gestation [22,23].
Additionally, premature and small for gestational Age (SGA) infants exhibit significantly diminished
white blood cell counts [24].

Our study reveals that maternal COVID-19 infection during pregnancy has significant effects on
neonatal laboratory parameters. Notably, WBC counts were elevated in neonates born to mothers
who had COVID-19 during the first trimester. This finding suggests that the timing of maternal
infection can influence neonatal immune responses, potentially leading to increased WBC counts in
neonates exposed to the virus during early pregnancy.

In contrast, maternal infection during pregnancy led to diminished lymphocyte counts in
neonates compared to those born to COVID-19-free mothers, irrespective of the trimester of infection.

Understanding the impact of maternal COVID-19 on neonatal laboratory parameters is essential
for clinical practice. Elevated WBC counts and altered lymphocyte counts in neonates may have
clinical implications, although the exact significance and potential long-term effects require further
investigation.

Furthermore, our study provides essential insights into the relationship between neonatal
immunoreactivity and various laboratory test results, while controlling for potential confounding
factors such as gestational age at birth and the trimester of COVID-19 infection during pregnancy.
The results indicate that, after adjusting for these factors, there is generally no statistically significant
association between neonatal immunoreactivity and most of the laboratory test results in newborns.
These results show that vertical transmission of SARS-CoV-2, did not affect the inflammatory
parameters of the newborn. These data are consistent with other studies showing that the majority of
infants with vertically transmitted SARS-Cov-2 remain asymptomatic with good clinical outcomes
[25].

Furthermore, our study showed good predictive ability of inflammatory markers for the
occurrence of IVH and admission to NICU among infants born to COVID-19 positive mothers during
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pregnancy. The literature shows that inflammatory markers have been proven to be powerful
predictors of poor COVID-19 outcomes in the general population [18,26-28]. Regarding the
involvement of inflammatory markers in neonatal care, several studies have shown the usefulness of
using the neutrophil to lymphocyte ratio (NLR) in predicting the progression of intracerebral
hemorrhage [29]. Also similar to our study, Tanacan A et al. showed the usefulness of using SII in
predicting poor perinatal outcomes in women with COVID-19 [30].

The study has several limitations. First, the study was conducted in a single centre. The sample
size may not sufficiently represent all populations, which requires multi-centre, larger-scale
investigations to draw more robust conclusions. Second, other variables, including maternal
treatments, could exert a potential influence on neonatal outcomes and laboratory parameters. Future
research should take these factors into account appropriately. In addition, the long-term implications
of altered laboratory parameters in neonates exposed to maternal COVID-19 require further and
sustained investigation.

The generalizability of our study results should be considered within the context of the study
population and its limitations. While our findings provide valuable insights into the impact of
maternal COVID-19 infection on neonatal inflammatory parameters, they may not be directly
applicable to all populations, especially those with different demographics or healthcare settings.
Therefore, the external validity of our results should be cautiously applied to broader populations,
and further research should explore these relationships in diverse cohorts to enhance generalizability.

5. Conclusions

In conclusion, maternal COVID-19 infection during pregnancy has a discernible impact on
neonatal laboratory parameters, including WBC and lymphocyte counts, which may have clinical
implications. While maternal COVID-19 infection can lead to altered laboratory parameters in
neonates, neonatal immunoreactivity may not be a direct contributor to these changes. Therefore,
healthcare providers should consider the multifactorial nature of neonatal outcomes when caring for
newborns born to mothers with COVID-19.
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