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Abstract 
Purpose: We aimed to assess IgG antibodies against the SARS-CoV-2 spike protein (anti-SARS-

CoV-2 S IgG) in vaccinated mothers and their infants at delivery and 2-3 months of age. 

Methods: We conducted a prospective study on mothers who received at least one dose of the 

COVID-19 vaccine (Pfizer-BNT162b2, Moderna mRNA-1273, or Oxford-AstraZeneca ChAdOx1-

S) during pregnancy and on their infants. The baseline was at the time of delivery (n=93), and the end 

of follow-up was 2 to 3 months post-partum (n=53). Serum anti-SARS-CoV-2 S IgG titers and ACE2 

binding inhibition levels were quantified by immunoassays. 

Results: Mothers and infants had high anti-SARS-CoV-2 S IgG titers against the B.1 lineage at birth. 

However, while antibody titers were maintained at 2-3 months post-partum in mothers, they 

decreased significantly in infants (p<0.001). Positive and significant correlations were found between 

anti-SARS-CoV-2 S IgG titers and ACE2 binding inhibition levels in mothers and infants at birth and 

2-3 months post-partum (r>0.8, p<0.001). Anti-S antibodies were also quantified for the Omicron 

variant at 2-3 months post-partum. The antibody titers against Omicron were significantly lower in 

mothers and infants than those against B.1 (p<0.001). Again, a positive correlation was observed for 

Omicron between IgG titers and ACE2 binding inhibition both in mothers (r=0.818, p<0.001) and 

infants (r=0.386, p<0.005). Previous SARS-CoV-2 infection and COVID-19 vaccination near 

delivery positively impacted anti-SARS-CoV-2 S IgG levels. 

Conclusions: COVID-19 mRNA vaccines induce high anti-SARS-CoV-2 S titers in pregnant 

women, which can inhibit the binding of ACE2 to protein S and are efficiently transferred to the fetus. 

However, there was a rapid decrease in antibody levels at 2 to 3 months post-partum, particularly in 

infants. 
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Introduction 
The Coronavirus Disease 2019 (COVID-19) pandemic continues to cause high morbidity and 

mortality worldwide as new, highly transmissible Severe Acute Respiratory Syndrome Coronavirus 

2 (SARS-CoV-2) variants emerge. Vaccination is the best option to avoid severe COVID-19 

pathology [1]. Several vaccine formulations are being administered globally, although mRNA-based 

vaccines (BNT162b2 from Pfizer-BioNTech and mRNA-1273 from Moderna) are the most widely 

distributed in Western countries. These vaccines induce specific neutralizing antibodies against the 

“spike” or S glycoprotein of SARS-CoV-2, which mediates attachment to the angiotensin-converting 

enzyme 2 (ACE2) receptor on host cells [2, 3]. 

Pregnant women are at an increased risk of COVID-19-related intensive care admission, mortality, 

preterm delivery, pregnancy loss, and stillbirth [4-10]. These findings may be related to the significant 

physiological and immunologic changes during normal pregnancy to ensure fetal growth [11]. 

Additionally, although COVID-19 is usually mild in infants, severe illness and hospitalization can 

happen in this population [12, 13]. Therefore, protecting the mother-infant dyad against COVID-19 

is crucial, and pregnant women should get vaccinated and stay up-to-date with their COVID-19 shots 

[14].  

Although pregnant women were excluded from early vaccine clinical trials for safety and ethical 

reasons, current data show that vaccination with mRNA vaccines for COVID-19 is safe and prevents 

severe COVID-19 in them [15-19]. Additionally, vaccine-induced antibodies in mothers may protect 

their infants through transplacental antibody transfer and breast milk [20-28]. Several reports have 

indicated that COVID-19 vaccination of pregnant women induces even higher anti-S IgG titers than 

natural infection. Furthermore, these antibodies are efficiently transferred to the fetus [18, 29-34], 

particularly following booster vaccination [35]. As a result, neutralizing IgG levels against the S 

protein have been reported to be higher in infants born to vaccinated mothers than in those born to 

SARS-CoV-2-infected mothers [36], encouraging vaccination of pregnant women. Nevertheless, 

some reports have noted that maternal and infant IgG antibody levels decrease over time [34, 36]. 

Therefore, additional studies are necessary to confirm the magnitude, duration, and efficacy of the 

vaccine-induced humoral immune response. 

Objective 
This study aimed to analyze the IgG antibody response against the SARS-CoV-2 spike protein, the 

primary target of neutralizing antibodies, in vaccinated mothers and their infants at delivery and 2-3 

months of age. 
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Materials and Methods 
Study design 
We conducted a prospective study on pregnant women who were vaccinated with two doses of the 

COVID-19 vaccine, or one dose if they had previously been infected with SARS-CoV-2, at least one 

month before delivery. Some women were also vaccinated within 2-3 months after delivery. The 

study included their infants. All participants were from the Hospital General Universitario Gregorio 

Marañón (HGUGM) in Madrid, Spain, and were recruited within the GESNEO-COVID Cohort [37, 

38].  

The baseline for the study was at the time of delivery, between September 2021 and December 2021. 

At this point, we collected 93 serum samples from mothers and babies. The end of the follow-up 

period was 2 to 3 months post-partum, between December 2021 and March 2022. At this time, serum 

samples were only available from 53 mothers and infants, those who returned to the HGUGM 

pediatric care facility 2-3 months after delivery.  

The HGUGM Ethics Committee approved the study (Ref.: IRB 00006051), which was conducted in 

accordance with the Declaration of Helsinki. All participants provided their informed consent before 

enrollment. 

Clinical data and samples 
Epidemiological and clinical data from mothers and babies were collected from the hospital's 

electronic medical records. Serum samples from mothers were obtained via venipuncture at the time 

of delivery and again 2-3 months later. Serum samples from babies were collected either from heel 

blood (concurrent with blood collection for metabolic tests) or via venipuncture within 48 hours of 

life. All samples were received, processed, and stored in the laboratory of the HGUGM Microbiology 

Service. 

Previous SARS-CoV-2 infection 
Serum samples from mothers and infants at delivery and 2-3 months post-partum were tested for 

SARS-CoV-2 infection by detecting antibodies (IgM/IgA/IgG) against the SARS-CoV-2 N protein 

using a commercial enzyme-linked immunosorbent assay (ELISA) (Platelia SARS-CoV-2 Total Ab, 

Bio-Rad Laboratories Inc., Hercules, California, USA). A sample was considered positive when the 

optical density ratio between the test and control samples included in the kit was greater than 1 (ratio 

≥1.0). The sensitivity and specificity of this cut-off are 94.7% and 97.5%, respectively [39]. Previous 

infections were differentiated from recent infections based on anti-N antibody data (IgM/IgA/IgG) in 

the series of available samples. When a sample was positive for anti-N antibodies at delivery, it was 

considered positive. If a mother or infant had a negative sample at delivery but tested positive at 2-3 

months after delivery, this indicated an infection during the follow-up period. 

Immunoassay for anti-SARS-CoV-2 S IgG quantification 
A complete description of the materials and protocols for antibody quantification is given in Martin-

Vicente et al. [21]. 

Briefly, the plasmid pαH, encoding the S protein ectodomain (residues 1-1208) of SARS-CoV-2 

2019-nCOV (GenBank: MN908947) stabilized in the prefusion conformation, was kindly provided 

by Dr. Jason McLellan (University of Texas at Austin, USA) [40]. Mutagenesis was performed to 

create a HexaPro construct that enabled high-yield production of a stabilized prefusion spike protein 

[41]. The ectodomain of this protein includes the following substitutions: glycine at residue 614 

(D614G), a "GSAS" substitution at the furin cleavage site (residues 682–685), and proline at residues 

817, 892, 899, 942, 986, and 987. Throughout this text, we will be referred to this protein as B.1. The 

SARS-CoV-2 S Omicron (B.1.1.529) HexaPro construct contains the natural cleavage site “RRAR” 

(residues 682-685) and the following Omicron specific mutations: A67V, Δ69-70, T95I, 

G142D/Δ143-145, Δ211/L212I, ins214EPE, G339D, S371L, S373P, S375F, K417N, N440K, 

G446S, S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, 

N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, and L981F. Additionally, a plasmid 

encoding the ACE2 SARS-CoV-2 cell receptor (residues 1-165) was also constructed and fused to a 

StrepTag. 
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Antibody titers to the S protein were determined in an ELISA assay by incubating serial 1:3 dilutions 

of serum samples, starting from a 1:50 dilution and ending at a 1:36450 dilution, with the purified S 

protein ectodomain. One phase exponential decay least-squares fit curves, and the area under the 

curve (AUC) were calculated using GraphPad Prism 9.0. Antibody inhibition of the ACE2-S protein 

interaction was tested by ELISA. A pool of sera from individuals negative for anti-S antibodies, 

collected in 2016, was used as a control. After subtracting the background, the percentage of 

inhibition was calculated as [1 - (OD493 test serum / OD493 control serum)] x 100 %. 

Statistical analysis 
Figures were generated with GraphPad Prism 9.0 (GraphPad Software, Inc., San Diego, CA, USA). 

The Y axis of the figures was transformed to a logarithmic scale (log10) to compress it. 

Statistical analysis was performed with IBM SPSS Statistics 25.0 (SPSS INC, Armonk, NY, USA) 

and Stata 15.0 (StataCorp, Texas, USA). The significance level was set at p<0.05 (two-tailed). The 

Kolmogorov-Smirnov test was used for evaluating data normality, finding that the antibody level 

variables had a non-normal distribution. Data were presented as follows: absolute counts 

(percentages) for categorical variables and median (interquartile range, IQR=P25th; P75th) for 

continuous variables. The Mann-Whitney U test was used to calculate differences between 

independent groups, and the Wilcoxon test for dependent groups. Correlation analysis was performed 

using the Spearman test. Generalized Linear Models (GLM) with a gamma distribution (log-link) 

were used to assess the association between various factors, such as previous SARS-CoV-2 infection 

and the timing of COVID-19 vaccination, and anti-SARS-CoV-2 S IgG levels. The GLM with a 

gamma distribution and log-link is an alternative way of analyzing right-skewed continuous variables. 

This test provides the arithmetic mean ratio (AMR) and the 95% confidence interval (95% CI). GLMs 

were also adjusted by the participant´s characteristics, including age at delivery, comorbidities 

(hypothyroidism, diabetes, hypertension, preeclampsia, and others), and gestational age.  
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Results 
Patient characteristics 
The clinical characteristics of mother-child dyads after COVID-19 vaccination are shown in Table 

1. Among the mothers, 11.8% (11/93) tested positive for anti-N antibodies (IgM/IgA/IgG) at the time 

of delivery. At 2-3 months after delivery, 39.6% (21/53) tested positive for anti-N antibodies. Among 

these, 18.8% (10/53) became positive during the follow-up period. As for the infants, 20.7% (11/53) 

tested positive for anti-N antibodies (IgM/IgA/IgG) at 2-3 months after delivery, with 11.3% (6/53) 

acquiring positivity during the follow-up period. All SARS-CoV-2 infections were asymptomatic or 

had mild symptoms; none required hospital admission. 

Table 1. Clinical characteristics of mothers and their infants. 

Parameters Values 

A) Mothers  

No. 93 

Age (years) 34.8 (32.2; 39.1) 

Country of birth   

     Spain 74 (79.6%) 

     Latin American Countries 15 (16.1%) 

     Other 4 (4.3%) 

Comorbidities  

     Hypertension 5 (5.4%) 

     Diabetes 8 (8.6%) 

     Hypothyroidism 8 (8.6%) 

     Preeclampsia 6 (6.5%) 

     Other 3 (3.2%) 

SARS-CoV-2 Infection (+)  

     Pre-perinatal (pre-pregnancy and pregnancy) 11 (11.8%) 

     Postnatal (n=53) 21 (39.6%) 

B) Newborns  

No. 93 

Gestational age (weeks) 39.7 (38.3; 40.4) 

Mode of delivery  

     Vaginal 81 (87.1%) 

     Cesarean 12 (12.9%) 

Sex (male) 53 (57.0%) 

Breastfeeding 88 (94.6%) 

Condition at birth  

     APGAR1 9 (9; 9) 

     APGAR5 10 (10; 10) 

     Weight (gr.) 3.300 (3.000; 3.500) 

     Height (cm) 50 (49; 51) 

     Head circumference (cm) 34 (33; 35) 

SARS-CoV-2 Infection (+)  

     Postnatal (n=53) 11 (20.7%) 

 

Statistics: Values are expressed as the median (Q1; Q3) and absolute count (percentage). 
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Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; APGAR, 

Appearance, Pulse, Grimace, Activity, and Respiration; APGAR1, 1-minute APGAR; APGAR5, 5-

minute APGAR. 

 

Table 2 provides detailed information about COVID-19 vaccination among the mothers in the study. 

All vaccine antigens used were based on the Wuhan-Hu-1 strain. In the first dose, 66 (71%) received 

the Pfizer BNT162b2 mRNA vaccine, 26 (27.9%) received the Moderna mRNA-1273 vaccine, and 

1 (1.1%) received the Oxford-AstraZeneca ChAdOx1-S vaccine. Additionally, 79 (84.9%) of the 

mothers received a second dose before delivery, and 6 (11.3%) received a third dose at 2-3 months 

post-partum (before sample collection). 

Table 2. Characteristics of COVID-19 vaccination. 

Parameters Values 

No. 93 

SARS-CoV-2 vaccine  

     First dose  

          Pfizer-BioNTech (BNT162b2) 66 (71.0%) 

          Moderna (mRNA-1273) 26 (27.9%) 

          Oxford-AstraZeneca (ChAdOx1-S) 1 (1.1%) 

     Second dose (n =79)  

          Pfizer-BioNTech (BNT162b2) 57 (72.2%) 

          Moderna (mRNA-1273) 22 (27.8%) 

     Third dose (n=6)  

          Pfizer-BioNTech (BNT162b2) 4 (66.7%) 

          Moderna (mRNA-1273) 2 (33.3%) 

SARS-CoV-2 vaccine before pregnancy (n=6)  

     One dose 3 (50%) 

          Pfizer-BioNTech (BNT162b2) 2 (66.7%) 

          Moderna (mRNA-1273) 1 (33.3%) 

     Two doses 3 (50%) 

          First dose  

               Pfizer-BioNTech (BNT162b2) 2 (66.7%) 

               Moderna (mRNA-1273) 1 (33.3%) 

          Second dose  

               Pfizer-BioNTech (BNT162b2) 2 (66.7%) 

               Moderna (mRNA-1273) 1 (33.3%) 

SARS-CoV-2 vaccine during pregnancy  

     One dose 14 (15.1%) 

          Pfizer-BioNTech (BNT162b2) 10 (71.4%) 

          Moderna (mRNA-1273) 4 (28.6%) 

     Two doses 79 (84.9%) 

          First dose  

               Pfizer-BioNTech (BNT162b2) 56 (70.9%) 

               Moderna (mRNA-1273) 22 (27.8%) 

               Oxford-AstraZeneca (ChAdOx1-S) 1 (1.3%) 

          Second dose  

               Pfizer-BioNTech (BNT162b2) 57 (72.2%) 

               Moderna (mRNA-1273) 22 (27.8%) 
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SARS-CoV-2 vaccine after childbirth (n=53)  

     One dose 7 (13.2%) 

          Pfizer-BioNTech (BNT162b2) 5 (71.4%) 

          Moderna (mRNA-1273) 2 (28.6%) 

     Two doses 40 (75.5%) 

          First dose  

               Pfizer-BioNTech (BNT162b2) 30 (75.0%) 

               Moderna (mRNA-1273) 9 (22.5%) 

               Oxford-AstraZeneca (ChAdOx1-S) 1 (2.5%) 

          Second dose  

               Pfizer-BioNTech (BNT162b2) 31 (77.5%) 

               Moderna (mRNA-1273) 9 (22.5%) 

     Three doses 6 (11.3%) 

          First dose  

               Pfizer-BioNTech (BNT162b2) 5 (83.3%) 

               Moderna (mRNA-1273) 1 (16.7%) 

          Second dose  

               Pfizer-BioNTech (BNT162b2) 5 (83.3%) 

               Moderna (mRNA-1273) 1 (16.7%) 

          Third dose  

               Pfizer-BioNTech (BNT162b2) 4 (66.7%) 

               Moderna (mRNA-1273) 2 (33.3%) 

 

Statistics: Values are expressed as absolute count (percentage). 

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 

 

Serum anti-SARS-CoV-2 S antibodies in mothers and infants against the B.1 

lineage  
Similar high anti-SARS-CoV-2 S IgG titers against the B.1 variant were observed at birth and 2-3 

months post-partum in mothers (Figure 1A). However, the IgG antibody titers decreased significantly 

in infants at 2-3 months post-partum (p<0.001; Figure 1B). As a result, the median titer of infants 

was three times higher than that of the mothers at childbirth (p<0.001; Supplementary Figure 1A), 

but it decreased to 2.3 times lower at 2-3 months post-partum (p<0.001; Supplementary Figure 1B). 

A similar pattern of results was observed when evaluating the antibody capacity to inhibit the binding 

of ACE2 to S (Figures 1C & 1D, Supplementary Figures 1C & 1D). 
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Figure 1. (A-B), IgG antibody levels against SARS-CoV-2 S protein (B.1 lineage) at childbirth and 

2-3 months post-partum in maternal serum (A) and infant serum (B). (C-D), Inhibition of ACE-S 

interaction titers (B.1 lineage) at childbirth and 2-3 months post-partum in maternal serum (C) and 

infant serum (D). Statistics: Differences were calculated by the Wilcoxon test, and only p-values 

<0.05 are shown. Medians are represented by a horizontal bar. Abbreviations: AUC, Area under the 

curve; IgG, anti-SARS-CoV-2 S IgG 

These findings agree with the high correlation observed between IgG antibody titers and the capacity 

to inhibit the ACE2-S interaction in all cases (Figure 2). Additionally, a high correlation was 

observed between IgG antibody titers of mothers and infants, particularly at delivery (r=0.860, 

p<0.001) (Supplementary Figure 2). Furthermore, the average ratio of IgG antibody levels between 

infant and maternal sera was 3.7, indicating quantitative transplacental transfer of antibodies from 

mother to fetus. 
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Figure 2. Correlation between IgG antibody levels against SARS-CoV-2 S protein (B.1 lineage) and 

its capacity to inhibit the ACE2 receptor-S protein interaction in maternal (A, B) and infant (C, D) 

serum at childbirth (A, C) and 2-3 months post-partum (B, D). Statistics: Correlation analysis was 

performed using the Spearman test. Abbreviations: AUC, the area under the curve; IgG, anti-SARS-

CoV-2 S IgG; ACE2, angiotensin-converting enzyme 2.  

 

Serum anti-SARS-CoV-2 S antibodies in mothers and infants against the 

Omicrom variant  
IgG antibody levels against the S protein of the Omicron variant were determined only at 2-3 months 

post-partum and compared to the levels against the B.1 lineage (Figure 3). The median IgG antibody 

titers were 3.3 times lower against Omicron than against B.1 in mothers (p<0.001; Figure 3A) and 

3.7 in infants (p<0.001; Figure 3B). The median inhibition titers of the ACE2-S interaction were also 

lower against Omicron than against the B.1 lineage in mothers (p<0.003; Figure 3C). Infants also 

had lower values against Omicron than the B.1 lineage (Figure 3D), but statistically significant 

differences were not achieved. 

A good correlation was observed between IgG antibody titers and inhibition of the ACE2-S 

interaction, particularly in mothers (r=0.818, p<0.001; Figure 3E). As observed with the B.1 lineage, 

IgG levels against Omicron were lower in infants than in mothers (2.6 times, p<0.02; Supplementary 

Figure 3A). However, the differences between the inhibition titers of mothers and infants were not 
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significant, and many individuals without antibodies with detectable inhibition capacity were found 

(Supplementary Figure 3B). A positive correlation was observed between IgG titers against 

Omicron of mothers and infants (Supplementary Figure 3C). Similar results were obtained for the 

inhibition titers (Supplementary Figure 3D). 

 
Figure 3. Comparison of IgG antibody levels against SARS-CoV-2 S protein (A, B) and ACE2-S 

inhibition titers (C, D) between B.1 and Omicron variants in maternal (A, C) and infant serum (B, D) 

at 2-3 months post-partum. Correlation between anti-SARS-CoV-2 S IgG titers and inhibition titers 

to the Omicron variant in mother (E) and infant (F) serum. Statistics: Differences were calculated by 

the Mann-Whitney U test. Only p-values <0.05 are shown, and medians are represented by a 

horizontal bar. Correlation analysis was performed using the Spearman test. Abbreviations: AUC, 

the area under the curve; IgG, anti-SARS-CoV-2 S IgG. 

 

Factors associated with anti-SARS-CoV-2 S IgG levels 
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The influence of previous SARS-CoV-2 infection and the timing of COVID-19 vaccination on anti-

SARS-CoV-2 S IgG levels is shown in Figure 4 (full description provided in Supplementary Table 

1). 

 
Figure 4. Impact of previous SARS-CoV-2 infection and the timing of COVID-19 vaccination during 

pregnancy or the follow-up on anti-SARS-CoV-2 S IgG levels. Statistic: The statistics were 

performed using Generalized Linear Models with gamma distribution and logarithmic link. Values 

are expressed as the adjusted arithmetic mean ratio (aAMR) and 95% confidence interval (95%CI). 

Significant differences are shown in bold. Abbreviations: protein S, protein spike; COVID-19, 

coronavirus disease 2019; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; AUC, 

Area under the Curve. 
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For mothers at birth (Figure 4, section A), those with a history of previous SARS-CoV-2 infection 

(adjusted AMR (aAMR)=2.52; p=0.002) or those who received the 1st or 2nd dose of the COVID-19 

vaccine during the last trimester of pregnancy (aAMR=2.08 (p<0.001) and aAMR=2.6 (p<0.001), 

respectively) exhibited higher IgG anti-SARS-CoV-2 S titers against the B.1 lineage. Furthermore, 

the 2nd dose of the COVID-19 vaccine during the last trimester of pregnancy was associated with 

increased levels of ACE2 binding inhibition (aAMR=4.91; p=0.002). 

For babies at childbirth (Figure 4, section B), factors linked to higher levels of anti-SARS-CoV-2 S 

IgG response against the B.1 included receiving the 1st dose of the COVID-19 vaccine during the last 

trimester of pregnancy (aAMR=1.57 (p=0.024) for IgG levels and aAMR=1.87 (p=0.039) for ACE2 

binding inhibition) and receiving the 2nd dose of the COVID-19 vaccine during the last trimester of 

pregnancy (aAMR=2.51 (p<0.001) for IgG levels and aAMR=2.69 (p=0.011) for inhibition of ACE2 

binding). 

For mothers at 2-3 months post-partum (Figure 4, section C & D), a history of previous SARS-CoV-

2 infection was associated with higher titers of anti-SARS-CoV-2 S IgG (aAMR=2.2; p=0.040) and 

increased ACE2 binding inhibition levels (aAMR=2.59; p=0.027) against the B.1 lineage (Figure 4, 

section C). Similarly, for the Omicron variant (Figure 4, section D), a previous SARS-CoV-2 

infection was also associated with elevated titers of anti-SARS-CoV-2 S IgG (aAMR=2.36; p=0.042) 

and higher ACE2 binding inhibition levels (aAMR=6.61; p=0.035). 

For infants at 2-3 months post-partum and the B.1 lineage (Figure 4, section E), receiving the 1st 

dose of the COVID-19 vaccine during the last trimester of pregnancy (aAMR=3.19; p<0.001) and the 

2nd dose of the COVID-19 vaccine during the last trimester of pregnancy or 2-3 months post-partum 

(aAMR=2.4; p=0.013) were associated with higher levels of anti-SARS-CoV-2 S IgG against the B.1 

lineage. Furthermore, previous SARS-CoV-2 infection (aAMR=6.48; p=0.004), receiving the 1st dose 

of COVID-19 vaccine during the last trimester of pregnancy (aAMR=3.78; p<0.05), and the 2nd dose 

of COVID-19 vaccine in the last trimester of pregnancy or 2-3 months post-partum (aAMR=8.85; 

p=0.016) were linked to increased ACE2 binding inhibition levels against the B.1 lineage. 

For infants at 2-3 months post-partum and the Omicron variant (Figure 4, section F), receiving the 

1st dose of the COVID-19 vaccine during the last trimester of pregnancy (aAMR=3.32; p<0.001) and 

the 2nd dose of the COVID-19 vaccine during the last trimester of pregnancy or 2-3 months post-

partum (aAMR=2.99; p=0.005) were associated with higher levels of anti-SARS-CoV-2 S IgG 

against the Omicron variant. Furthermore, a history of previous SARS-CoV-2 infection was linked 

to elevated levels of ACE2 binding inhibition against the Omicron variant (aAMR=14.97; p=0.009). 
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Discussion 
Pregnant women and their babies are vulnerable to SARS-CoV-2 infection [42]. Therefore, studies 

on the immune response after vaccination, including the analysis of antibody levels, their 

transplacental transfer to the fetus, and the durability and amplitude of the anti-SARS-CoV-2 S IgG 

response, are relevant for better protecting both the mothers and newborns. This study addressed these 

issues in pregnant women who received monovalent COVID-19 mRNA vaccines based on the 

Wuhan-Hu-1 strain. The main findings were as follows: i) at delivery, most mothers had high levels 

of anti-SARS-CoV S antibodies against the B.1 lineage, which were efficiently transferred to the 

fetus; ii) these antibodies were capable of inhibiting the ACE2-S interaction; iii) while anti-SARS-

CoV-2 S antibody levels remained high after 2-3 months post-partum in mothers, they decreased 

significantly in infants; iv) anti-SARS-CoV-2 S antibody levels against the Omicron variant were 

substantially lower than those against the B.1 lineage; v) previous infection with SARS-CoV-2 or 

COVID-19 vaccination near delivery positively influenced anti-SARS-CoV-2 S antibody levels. 

Recent studies have shown that COVID-19 vaccination induces even higher levels of anti-SARS-

CoV-2 S antibodies than natural infection and that these antibodies are efficiently transferred to the 

fetus in pregnant women [19, 34, 43, 44]. Anti-SARS-CoV-2 S antibodies have been reported to 

correlate with the inhibition of the ACE2-S interaction and neutralizing activity [18, 21]. The present 

study also demonstrated a high correlation between anti-S IgG titers and ACE2-S inhibition in both 

mothers and infants at delivery and 2-3 months post-partum. These findings support the observation 

that COVID-19 vaccination during pregnancy protects both mothers and infants against severe 

infections [23, 45]. In addition, the infections observed in mothers and infants 2-3 months after birth, 

during the period when the highly contagious Omicron variant was circulating in the country, were 

asymptomatic or mild (data not shown). 

Our study observed a median IgG transfer ratio of approximately three, which is higher than what is 

typically seen after SARS-CoV-2 infection [21]. Due to efficient transplacental transfer, anti-SARS-

CoV-2 S antibody levels in infants correlated very well with maternal antibody levels, as previously 

seen after SARS-CoV-2 infection [46-48] and vaccination [31, 49, 50]. However, despite mothers 

maintaining high antibody titers 2-3 months post-partum, median antibody levels in infants decreased 

sixfold, suggesting that infants may become more vulnerable to SARS-CoV-2 infection after this 

period [51]. Consequently, Burns et al. [51] reported that antibody-mediated protection against 

SARS-CoV-2 completely waned in infants by six months of age. Furthermore, although mothers 

maintained high antibody levels 2-3 months after delivery, the effectiveness of the vaccine decreased 

5-6 months after the second dose, highlighting the need for a booster dose [52].  

Given that the highest levels of anti-SARS-CoV-2 S at birth correlate with extended infection-free 

periods in infants [51], it is imperative to develop an optimized vaccination schedule to increase 

antibody levels in pregnant women and newborns. Some studies have reported that the majority of 

maternal IgGs are transferred to the fetus during the last four weeks of pregnancy [44, 53, 54]. This 

aligns with our findings, which show higher antibody levels in infants born to mothers vaccinated 

during the last trimester of pregnancy. Therefore, optimizing vaccination schedules, considering the 

number of vaccine doses and the administration period, particularly in the last trimester of pregnancy, 

can increase the antibody levels acquired by infants, as observed in this study and others [34, 44, 49, 

55, 56]. Vaccination should be performed even after SARS-CoV-2 infection, as combined immune 

stimulation (infection and vaccination) leads to increased antibody titers, as observed in this study 

and elsewhere [55, 57, 58]. 

Finally, we found substantially lower antibody levels against the Omicron variant than against the 

B.1 lineage. The high number of mutations in the Omicron S protein could explain the lower levels 

of antibodies that recognize this variant and its resistance to neutralization by vaccine-induced 

antibodies [59]. The decreased immunity against new variants not fully covered by the current vaccine 

is expected to increase vulnerability to SARS-CoV-2 infection, particularly in infants. Consequently, 

Burns et al. [51] observed an abrupt increase in infant-infected cases during the emergence of 

Omicron. Other studies also found reduced neutralizing antibody titers against the Delta variant in 
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vaccinated women and their newborns' serum  [44, 60]. These results highlight the importance of 

updating the vaccine formulation according to the circulating variants. 

Study limitations 
This study has several limitations that must be taken into account. First, the sample size is small, 

limiting statistical power and increasing the risk of false positive results. Second, this study had a 

prospective design that introduced some unavoidable biases, such as the loss of follow-up for some 

samples at 2-3 months. This occurred because some infants were examined in other hospitals or 

primary care centers. Third, the study did not include a control group of non-pregnant vaccinated 

women. Fourth, although we analyzed IgM/IgA/IgG levels in the breast milk of vaccinated pregnant 

women, we found low IgG levels in only a few mothers and negligible IgM and IgG values in all 

samples (data not shown), which precluded further analysis. Probably, a more sensitive assay would 

have detected IgG in more pregnant women. A positive correlation between serum and breast milk in 

vaccinated women has been observed for anti-S IgG antibody levels. However, median anti-S IgG 

antibody levels were more than 200 times lower in milk than in serum [25, 61].  

Conclusions 
COVID-19 mRNA vaccines generate high anti-SARS-CoV-2 S titers in pregnant women, which are 

efficiently transferred to the fetus. These antibodies inhibit ACE2-S interaction. However, it is crucial 

to carefully design immunization schedules and formulations due to the rapid decrease in antibody 

levels, especially in infants. Factors to consider were the number of doses, the administration period, 

previous SARS-CoV-2 infection, and circulating variants. 
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Supplementary Materials 
 

 
Supplementary Figure 1. Comparison of serum IgG antibody levels against the SARS-CoV-2 S 

protein (B.1 lineage) (A & B) and ACE2-S interaction inhibition titers (C & D) between mothers and 

infants at childbirth (A & C) and at 2-3 months postpartum (B & D). Statistics: Differences were 

calculated by the Mann-Whitney U test, and only p-values <0.05 are shown. Medians are represented 

by a horizontal bar. Abbreviations: AUC, Area under the ROC curve; IgG, anti-SARS-CoV-2 S IgG; 

ACE2, angiotensin-converting enzyme 2. 
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Supplementary Figure 2. Correlation between serum IgG antibody levels against the SARS-CoV-2 

S protein (B.1 lineage) between mothers and infants at childbirth (A) and at 2-3 months postpartum 

(B). Statistics: Correlation analysis was performed using the Spearman test. Abbreviations: AUC, 

the area under the ROC curve; IgG, anti-SARS-CoV-2 S IgG. 

  



25 

 
Supplementary Figure 3. Comparison of serum IgG antibody levels against the SARS-CoV-2 S 

protein (Omicron variant) (A & C) and ACE2-S interaction inhibition titers (B & D) between mothers 

and infants at 2-3 months postpartum. Correlation between serum IgG antibody levels (C) and ACE2-

S interaction inhibition titers (D) between mothers and infants at 2-3 months postpartum (Omicron 

variant). Statistics: Differences were calculated by the Mann-Whitney U test, and only p-values 

<0.05 are shown. Medians are represented by a horizontal bar. Correlation analysis was performed 

using the Spearman test. Abbreviations: AUC, Area under the ROC curve; IgG, anti-SARS-CoV-2 

S IgG; ACE2, angiotensin-converting enzyme 2. 
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Supplementary Table 1. Impact of previous SARS-CoV-2 infection and the timing of COVID-19 

vaccination during pregnancy or the follow-up on anti-SARS-CoV-2 S IgG levels. 

A) Mothers in childbirth: B.1 lineage Unadjusted analysis Adjusted analysis 

Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  2.52 (1.39 - 4.58) 0.002 2.52 (1.39 - 4.58) 0.002 

1st dose in the last trimester  2.08 (1.39 - 3.12) <0.001 2.08 (1.39 - 3.12) <0.001 

2nd dose in the last trimester  2.39 (1.49 - 3.83) <0.001 2.6 (1.68 - 4.02) <0.001 

Competition assay (AUC)     
Previous SARS-CoV-2 infection  3.52 (0.98 - 12.73) 0.055 3.52 (0.98 - 12.73) 0.055 

1st dose in the last trimester  1.61 (0.71 - 3.66) 0.259 1.69 (0.75 - 3.77) 0.203 

2nd dose in the last trimester  3.19 (1.16 - 8.78) 0.025 4.91 (1.77 - 13.65) 0.002 

B) Babies in childbirth: B.1 lineage     

Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  1.74 (0.96 - 3.13) 0.067 1.74 (0.96 - 3.13) 0.067 

1st dose in the last trimester  1.57 (1.06 - 2.32) 0.024 1.57 (1.06 - 2.32) 0.024 

2nd dose in the last trimester  2.3 (1.47 - 3.59) <0.001 2.51 (1.65 - 3.82) <0.001 

Competition assay (AUC)     

Previous SARS-CoV-2 infection  1.88 (0.72 - 4.94) 0.200 1.88 (0.72 - 4.94) 0.200 

1st dose in the last trimester  1.87 (1.03 - 3.38) 0.039 1.87 (1.03 - 3.38) 0.039 

2nd dose in the last trimester  2.04 (0.9 - 4.65) 0.089 2.69 (1.26 - 5.76) 0.011 

C) Mothers at 2-3 months postpartum: B.1 lineage    

Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  2.2 (1.04 - 4.68) 0.040 2.2 (1.04 - 4.68) 0.040 

1st dose in the last trimester  0.84 (0.47 - 1.51) 0.565 0.84 (0.47 - 1.51) 0.565 

2nd dose in the last trimester or postpartum  0.71 (0.35 - 1.46) 0.350 0.81 (0.4 - 1.61) 0.541 

Competition assay (AUC)     
Previous SARS-CoV-2 infection  2.29 (0.89 - 5.94) 0.087 2.59 (1.11 - 6.05) 0.027 

1st dose in the last trimester  1.04 (0.5 - 2.18) 0.913 1.06 (0.53 - 2.12) 0.876 

2nd dose in the last trimester or postpartum  0.8 (0.31 - 2.02) 0.631 0.92 (0.4 - 2.13) 0.850 

D) Mothers at 2-3 months postpartum: Omicron variant    

Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  2.39 (1.01 - 5.65) 0.048 2.36 (1.03 - 5.4) 0.042 

1st dose in the last trimester  0.88 (0.47 - 1.66) 0.689 0.92 (0.49 - 1.7) 0.778 

2nd dose in the last trimester or postpartum  0.7 (0.31 - 1.57) 0.387 0.86 (0.39 - 1.89) 0.707 

Competition assay (AUC)     

Previous SARS-CoV-2 infection  7.12 (1.06 - 47.85) 0.044 6.61 (1.14 - 38.44) 0.035 

1st dose in the last trimester  0.53 (0.16 - 1.74) 0.296 0.68 (0.25 - 1.83) 0.441 

2nd dose in the last trimester or postpartum  0.63 (0.16 - 2.46) 0.508 0.94 (0.28 - 3.15) 0.920 

E) Infants at 2-3 months postpartum: B.1 lineage    

Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  0.97 (0.43 - 2.2) 0.936 0.93 (0.42 - 2.05) 0.847 

1st dose in the last trimester  3.35 (1.92 - 5.86) <0.001 3.19 (1.84 - 5.53) <0.001 

2nd dose in the last trimester or postpartum  2.61 (1.18 - 5.76) 0.018 2.4 (1.2 - 4.79) 0.013 

Competition assay (AUC)     

Previous SARS-CoV-2 infection  4.26 (0.97 - 18.82) 0.056 6.48 (1.83 - 22.96) 0.004 

1st dose in the last trimester  3.7 (0.91 - 15.1) 0.068 3.78 (1 - 14.33) 0.050 

2nd dose in the last trimester or postpartum  4.87 (1.15 - 20.6) 0.031 8.85 (1.5 - 52.22) 0.016 

F) Infants at 2-3 months postpartum: Omicron variant    
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Titration assay (AUC) AMR (95%CI) p aAMR (95%CI) p 

Previous SARS-CoV-2 infection  1.25 (0.51 - 3.04) 0.628 1.29 (0.56 - 3) 0.553 

1st dose in the last trimester  3.28 (1.74 - 6.2) <0.001 3.32 (1.77 - 6.25) <0.001 

2nd dose in the last trimester/postpartum  2.81 (1.21 - 6.54) 0.016 2.99 (1.39 - 6.4) 0.005 

Competition assay (AUC)     
Previous SARS-CoV-2 infection  15.8 (1.94 - 128.66) 0.010 14.97 (1.98 - 113.17) 0.009 

1st dose in the last trimester 3.56 (0.84 - 15.18) 0.086 3.31 (0.79 - 13.79) 0.101 

2nd dose in the last trimester or postpartum  2.2 (0.31 - 15.75) 0.432 2.1 (0.31 - 14.3) 0.448 

 

Statistic: The statistics were performed using GLMs with gamma distribution and logarithmic link. 

Values are expressed as the arithmetic mean ratio (AMR) and 95% confidence interval (95%CI). 

Significant differences are shown in bold. 

Abbreviations: protein S, protein spike; COVID-19, coronavirus disease 2019; SARS-CoV-2, 

Severe Acute Respiratory Syndrome Coronavirus 2; AUC, Area under the ROC Curve. 

 


