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Condensation: SARS-CoV-2 antibody levels in pregnant mothers correlate with 25 

presence of maternal symptoms and passive immunity in neonates. 26 

Short Title: SARS-CoV-2 antibody in mothers and neonates 27 

AJOG at a Glance: 28 

A. Why was the study conducted?  29 

• Studies on the serologic response to SARS-CoV-2 viral infection have been 30 

focused on the general population but the timing and level of serologic response 31 

in pregnant women are not well characterized. 32 

• The passive transmission of maternal antibodies to neonates have not been 33 

systematically studied at scale. 34 

B. What are the key findings? 35 

• Asymptomatic pregnant women mount a lower serologic response than 36 

symptomatic pregnant women. 37 

• The timing of IgM and IgG antibody response level peaks at 15 days and 30 days 38 

post COVID-19 symptoms onset, respectively. 39 

• Maternal IgG antibodies positively correlates with and predicts antibody levels in 40 

the neonates. 41 

C. What does this study add to what is already known? 42 

• A comprehensive semiquantitative analysis of the levels and timing of IgM and 43 

IgG in the pregnant women  44 

• Mothers with higher antibody levels exhibit higher likelihood of transferring 45 

antibodies to their neonates   46 
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STRUCTURED ABSTRACT: 47 

Background: Pregnant women and their neonates represent two vulnerable 48 

populations highly susceptible to viral infections with an interdependent immune system. 49 

The immune response of pregnant women to SARS-CoV-2 and the interplay of how the 50 

maternal immune response affects neonatal passive immunity have not been 51 

systematically studied.  52 

Objectives: We characterized the serologic response in pregnant women and studied 53 

how this serologic response correlates with maternal clinical presentation and with the 54 

rate and level of passive immunity from mothers to neonates. 55 

Study Design: Between March 22-May 31, 2020, women giving birth who tested 56 

positive for semi-quantitative IgM or IgG detection in a New York City Hospital were 57 

included in the study. Retrospective chart review of the cases that met inclusion criteria 58 

was conducted for presence of COVID19 symptoms and use of oxygen support. 59 

Serology levels between the symptomatic and asymptomatic patients were compared 60 

with Welch’s two sample t-test. Further chart review of the same patient cohort was 61 

conducted in order to identify dates of self-reported onset of COVID-19 symptoms, and 62 

the timing of the peak of IgM and IgG antibody levels after symptoms onset were 63 

visualized using local polynomial regression smoothing (LOESS) on log2-scaled 64 

serological values. To study the neonatal serology response, cord blood samples of 65 

neonates born to a subset of all serology positive pregnant women were tested for 66 

serology. Maternal antibody levels of serology-positive vs. serology-negative neonates 67 

were compared with the Welch’s two sample t-test. The relationship between 68 

quantitative maternal and quantitative neonatal serologic data was studied using 69 
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Pearson correlation and linear regression. Multiple linear regression analysis was 70 

conducted using maternal symptoms, maternal serology levels, and maternal use of 71 

oxygen support to determine predictors of neonatal IgG levels. 72 

Results: Eighty-eight serology positive pregnant women were included in this study. 73 

Antibody levels are higher in symptomatic pregnant women compared to asymptomatic 74 

pregnant women. Serology studies in 34 women with symptom onset data reveal that 75 

maternal IgM and IgG levels peak around 15 and 30 days post COVID-19 symptoms 76 

onset, respectively. Furthermore, studies of fifty neonates born to a subset of serology 77 

positive women show that passive immunity in the form of IgG is conferred upon 78% of 78 

all neonates. Presence of passive immunity is dependent on maternal antibody levels, 79 

and levels of neonatal IgG correlate with maternal IgG levels. Maternal IgG levels and 80 

maternal use of oxygen support were predictive of neonatal IgG levels. 81 

Conclusions: We demonstrate that maternal serologies correlate with symptomatic 82 

maternal infection, and higher levels of maternal antibodies are associated with passive 83 

immunity. Maternal IgG levels and maternal use of oxygen support, a marker of disease 84 

severity, predict neonatal IgG levels. These data will further guide the screening for this 85 

unique linked population of mothers and their babies, and can aid in developing 86 

maternal vaccination strategies. 87 

Keywords: 88 

antibody levels; asymptomatic infection; baby; convalescent infection; cord blood; 89 

COVID19 infection; mother; mother-baby dyads; passive immunity; predictor; 90 

prevalence; symptomatic infection; time course   91 
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INTRODUCTION: 92 

As the novel SARS-CoV-2 virus spread rapidly through New York City in March 93 

2020 – at that time the global epicenter of the disease – the obstetric unit within a New 94 

York City hospital implemented universal testing of all women admitted to labor and 95 

delivery to screen this uniquely vulnerable patient population. During this peak of the 96 

pandemic, 10-15% of all women admitted to New York City area labor and delivery units 97 

tested positive for SARS-CoV-2 by RT-PCR testing.1,2 An updated report from the CDC 98 

in October 2020 found that pregnant women with symptomatic COVID-19 infection were 99 

at increased risk of ICU admission, invasive ventilation, extracorporeal membrane 100 

oxygenation, and death.3 Further prospective and retrospective studies have shown that 101 

pregnant women infected with SARS-CoV-2 are at increased risk of other morbidities as 102 

well, including higher rates of cesarean delivery, increased post-partum complications 103 

(including fever, hypoxia, and hospital readmissions post-discharge), as well as 104 

placental pathology including fetal vascular malperfusion; however it should be noted 105 

that the risk of preterm birth may still require further study.4–11 106 

There has been a recent interest in serology testing as a means of detecting 107 

exposure to SARS-CoV-2, limiting disease spread, and potentially predicting 108 

outcomes.12–14 Studies have reported that nearly 100% of patients with confirmed 109 

SARS-CoV-2 will test positive for IgG and/or IgM within 19 days of exposure, even after 110 

RT-PCR results reverted to negative.15–17 Some data suggests that high levels of IgG 111 

are associated with more severe illness,18 while asymptomatic patients are more likely 112 

to convert to seronegative in the convalescent phase of infection.19 The protective 113 

nature of antibodies against SARS-CoV-2 against future infection is still unclear.20  114 
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Pregnant women and their neonates have a unique interdependent immune 115 

system. The interactions between the maternal immune system and fetal placenta result 116 

in changes that alter both innate and adaptive host responses to infections.21 For this 117 

reason, current studies on the serologic responses to SARS-CoV-2 may not be 118 

applicable to the pregnant population. Studies to date have demonstrated the rate of 119 

seropositivity in pregnant women,22,23 but a detailed analysis of the timing and levels of 120 

response in these pregnant patients have not been well characterized. 121 

Passive transfer of antibodies against SARS-CoV-2 has not been systematically 122 

studied beyond the demonstration of neonatal antibodies in a small number of cases, 123 

and it is not clear whether these antibodies are protective against disease.24 There have 124 

been reports of transplacental transmission of SARS-CoV-2 as well as symptomatic 125 

neonates who tested positive for SARS-CoV-2 born to PCR positive mothers.25–30 126 

However, in these cases, the serologic status of the mother was either negative or not 127 

reported. A small case series demonstrated the presence of antibodies in RT-PCR 128 

negative asymptomatic neonates born to symptomatic women.31 However, the rate of 129 

transfer of maternal antibodies from mother to neonate and whether even asymptomatic 130 

women may transfer antibodies to neonates is not yet established.32 In this paper, we 131 

aimed to systematically explore the serologic responses of mothers and neonates, in 132 

both symptomatic and asymptomatic cases.  133 

 134 

MATERIALS AND METHODS: 135 

STUDY POPULATION 136 
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Eighty-eight pregnant women who tested positive for SARS-CoV-2 specific antibodies 137 

(serology positive) at a single institution in New York City were included in this study. 138 

67/88 women were identified to be serology positive from universal serology testing of 139 

all women giving birth between April 18, 2020 and May 31, 2020. An additional 21/88 140 

women were identified to be serology positive between March 22 and April 17, 2020 141 

after undergoing testing due to suspicion of SARS-CoV-2 infection or exposure. 142 

Neonates born to these mothers were also included in this study and underwent 143 

serology testing on cord blood. 144 

LABORATORY TESTING 145 

Patients were tested for IgM and IgG antibodies against SARS-CoV-2 on serum or 146 

plasma of peripheral blood (mothers) or on plasma from cord blood (neonates) using a 147 

fluorescence-based reporting system which allows for semi-quantitative detection of 148 

anti-SARS-CoV-2 antibodies using the clinical testing Pylon 3D platform (ET HealthCare, 149 

Palo Alto, CA). This platform utilizes a fluorescence-based reporting system which 150 

allows for semi-quantitative detection of anti-SARS-CoV-2 IgG and IgM with a specificity 151 

of 99.4% and 98.8% for IgM and IgG, respectively.8 Antibody levels were expressed as 152 

log2(value) + 1.  153 

STATISTICAL ANALYSES 154 

To study the association of symptoms with serologic results, retrospective chart review 155 

was conducted in order to identify symptoms at the time of serology testing. Patients 156 

with any of the following COVID19 symptoms (self-reported fever, cough, sore throat, 157 

rhinorrhea, shortness of breath, diarrhea, other gastrointestinal symptoms, myalgias, 158 

loss of sense of taste or smell) reported before or at the time of admission were 159 
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categorized as symptomatic;4,24 those without any of the listed symptoms were 160 

categorized as asymptomatic. IgM and IgG values of symptomatic and asymptomatic 161 

patients were plotted as continuous variables and are expressed as the median (IQR) 162 

with error bars representing 95% confidence. The serology levels between the 163 

symptomatic and asymptomatic patients were compared with Welch’s two sample t-test. 164 

P value of < 0.05 was considered statistically significant.  165 

To study the time course of antibody response at the cohort level, retrospective chart 166 

review was conducted in order to identify dates of first COVID-19 symptoms. 34 of the 167 

88 pregnant women had documentation of specific dates of onset of COVID-19 168 

symptoms. IgM and IgG antibody levels were correlated to the number of days elapsed 169 

from the date of COVID-19 symptoms onset using local polynomial regression 170 

smoothing (LOESS) on log2-scaled serological values. 171 

We studied the relationship between quantitative maternal IgG and quantitative 172 

neonatal IgG using Pearson correlation and linear regression. To understand if maternal 173 

antibody levels are different between the pregnant women that gave birth to serology 174 

positive neonates vs. those who gave birth to serology negative neonates, maternal 175 

antibody levels of serology-positive vs. serology-negative neonates were compared 176 

using Welch’s two sample t-test. 177 

Retrospective chart review was conducted to identify 5 women that required oxygen 178 

support (3 women needed nasal canula, 2 women needed non-rebreather) during their 179 

hospital course likely as a marker of disease severity. Multiple linear regression analysis 180 

was conducted to predict neonatal IgG levels from maternal symptoms (present or 181 

absent), maternal IgG level, maternal IgM level, and maternal use of oxygen support. 182 

Jo
urn

al 
Pre-

pro
of



  

 

  

 

9

 

Statistical analyses were performed using R 3.6.1, RStudio 1.1.463, and 183 

SPSS1.0.0.1461  software statistics.  184 

 185 

This study was approved by the institutional review board, protocols 20-03021682 and 186 

20-04021792. A waiver of consent was granted by the institutional review board. 187 

 188 

RESULTS: 189 

We identified 88 pregnant women with positive SARS-CoV-2 IgM or IgG (10 190 

women IgM positive; 24 IgM and IgG positive; 54 women IgG positive). Retrospective 191 

chart analysis of all 88 serology positive mothers showed that 42.0% (37/88) were 192 

symptomatic while 58.0% (51/88) of serology positive patients were asymptomatic 193 

(Figure 1). Both asymptomatic and symptomatic pregnant women mounted a detectable 194 

IgM and IgG response; however, IgG levels were significantly higher in the symptomatic 195 

mothers compared to asymptomatic mothers (p=0.029) (Figure 1).  196 

 Of all 88 serology positive pregnant women, 34 women had documentation of 197 

specific dates of the first COVID-19 symptoms. Analysis of these 34 data points for the 198 

elapsed time from the date of symptom onset in relation to antibody levels demonstrates 199 

that at the cohort level, IgM levels peak around 15 days post symptom onset, while IgG 200 

levels started to peak around 30 days post symptom onset and could last over 90 days 201 

(Figure 2).  202 

To better understand passive immunity, we analyzed 50 neonates born to a 203 

subset of our cohort of 88 pregnant women with positive serologic results. Of the 50 204 

neonates, 78% (39/50) had positive serologic findings (born to 14 IgM and IgG positive 205 
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mothers, 24 IgG positive mothers, and 1 IgM positive mother that was right at the limit of 206 

detection for both IgM and IgG).  All 39 neonates had IgG only, and none of the 207 

neonates had IgM (Figure 3A). RT-PCR analysis of the 39 serology positive neonates 208 

showed that 29/39 (74%) neonates were RT-PCR negative, but 10/39 neonates were 209 

not tested due to lack of sample capture. To study the factors that dictate passive 210 

immunity of SARS-CoV-2 antibodies, we analyzed the IgG levels of these mothers and 211 

neonates. Neonates with SARS-CoV-2 specific IgG were born to mothers with 212 

significantly higher IgG levels than neonates without IgG (p=1.7e-11) (Figure 3B); and of 213 

the 39 serology positive neonates, we find that IgG levels positively correlate to 214 

maternal IgG levels (Figure 3C). A multiple linear regression analysis was conducted to 215 

show that maternal IgG levels (p<0.0005) and oxygen supplementation in a limited 216 

number of patients (p=0.001) were predictive of neonatal IgG levels. However, maternal 217 

IgM levels and maternal symptoms were not predictive of neonatal IgG levels (p=0.290 218 

and p=0.506, respectively). Model statistics: F(4, 45)=36.686, p<0.0005, R^2=0.826. 219 

 220 

COMMENT:  221 

Principal Findings: IgG antibody response in symptomatic pregnant women was 222 

significantly higher compared to the asymptomatic pregnant women. In pregnant 223 

women, IgM and IgG levels peaked at 15 days and 30 days post COVID-19 symptoms 224 

onset, respectively. Passive immunity in the form of IgG was demonstrated in 78% of 225 

neonates, and serology levels in mothers correlated with serology levels of matched 226 

neonates. Serology levels in mothers, and oxygen supplementation in a limited number 227 

of mothers, predicted serology levels in the matched neonates.  228 
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Results: This study provides semi-quantitative and separate IgM and IgG data for a 229 

cohort of 88 pregnant women as well as 50 of their neonates.  The timing of IgM 230 

response and IgG response among pregnant women mirrors that seen in the general 231 

population and the expected classic pattern of IgM and IgG antibody response to 232 

infections.15–17,33 Asymptomatic women mount an immune response, albeit weaker than 233 

symptomatic women, which is consistent with similar findings in non-pregnant 234 

individuals.9 Passive immunity has been demonstrated in small cohorts or case studies, 235 

but our semi-quantitative study on a large mother-baby dyad cohort demonstrates that 236 

there is a  correlation between maternal antibody levels and the amount of IgG 237 

demonstrated in neonatal cord blood. Furthermore, we demonstrate that maternal IgG 238 

and maternal oxygen supplementation—a marker of disease severity--predict neonatal 239 

IgG. 240 

Clinical Implications: We found that both symptomatic and asymptomatic women 241 

mounted a detectable antibody response; however, symptomatic women mounted a 242 

higher IgG response. Since asymptomatic non-pregnant patients are more likely to 243 

convert to seronegative in the convalescent phase of infection,19 and since a large 244 

cohort of the pregnant women are also asymptomatic, these data hint at a potential 245 

faster conversion to seronegative in many pregnant women implying that even women 246 

with documented infections could be antibody negative by the time of birth particularly if 247 

they were infected early in their pregnancies. Whether the antibodies are protective, and 248 

if so, at what antibody levels are correlated with protection as well as how long that 249 

protection lasts are critical next areas of investigation.  250 
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We demonstrate that the timeline of antibody response in pregnant women is 251 

similar to that of the non-pregnant patient population and does not deviate from classic 252 

patterns of IgM and IgG response. 15–17,33  Given the difficulty to enroll pregnant women 253 

in vaccination studies, these data confirming the classic patterns of IgM and IgG 254 

response in SARS-CoV-2 infection may enable the ability to work off of frameworks 255 

from previously established maternal vaccination protocols.  256 

This study strongly suggests that maternal SARS CoV-2 specific IgG is 257 

transferred to the neonate particularly when the mother has a high IgG level. This 258 

implies that maternal SARS CoV-2 infection stimulates IgG antibody production that 259 

readily crosses the placenta, consistent with other maternal infections. These data 260 

suggest that if the mother mounts an antibody response secondary to a vaccination 261 

against SARS-CoV-2, then those antibodies could also cross the placenta into the 262 

neonate, potentially protecting both the mother and her neonate(s) from future infection. 263 

It is not known how protective this maternally derived IgG antibody is for the neonate 264 

and how long the protection lasts. 265 

Research Implications: Using the methodologies described here, a larger cohort of 266 

mothers could be tested, and serial studies on the same mothers could be conducted in 267 

order to understand the timeline of antibody production and clearance. Follow-up 268 

studies on neonates could be conducted to study whether maternal antibodies provide 269 

protection, and would allow better understanding of the clearance curve of the 270 

antibodies post birth. These studies will ultimately inform the potential benefit of 271 

maternal vaccination when it becomes available.  272 
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Strengths and Limitations: Our study has multiple strengths. Our cohort is large with 273 

consistent clinical data available. In addition, we utilized semi-quantitative independent 274 

analysis of both IgM and IgG in mothers and their matched neonates. A limitation is that  275 

we did not have data on all neonates born to our serology positive cohort due lack of 276 

sample capture given that this was not a prospective collection study.  277 

The inclusion of serology positive women both from those identified from 278 

universal serology testing as well as those identified due to suspicion for COVID-19 279 

infection may contribute sampling bias of more severe patients; however, analysis done 280 

on only the cohort of patients identified from the universal serology testing also led to 281 

the same rate of symptomatic vs. asymptomatic women. The findings on serologic 282 

differences between symptomatic and asymptomatic women is limited by the fact that 283 

we only captured symptoms data on 34 women and there may be lack of data capture 284 

or recall bias. The serologic difference may also be due to differences in the timing of 285 

their infections. Asymptomatic women maybe have a lower IgG antibody level due to a 286 

more recent infection compared to women who were symptomatic, and thus these 287 

women may in time develop both higher antibody levels as well as symptoms. The data 288 

on timing of serologic response from symptom onset are dependent on self-reported 289 

dates of symptoms which introduces recall bias and are more representative of the 290 

symptomatic populations. The analysis from the time of symptom onset fails to capture 291 

the delay between when a woman becomes infected until when she becomes 292 

symptomatic; however, it is difficult to ascertain true timing of infection in a clinical study 293 

setting. Given the lack of serial sampling of each individual patient to study the time 294 
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course of serologic response, we rely on the overall trend of the entire cohort of 295 

pregnant women. 296 

The majority of our neonate samples utilized cord blood which may risk maternal 297 

blood contamination; however, we believe these findings are not due to maternal blood 298 

contamination because 1) these samples were utilized for neonatal blood typing without 299 

any issues or maternal blood typing confusion, 2) none of the neonates born to IgM 300 

positive mothers tested IgM positive as would be expected if contamination did occur, 301 

and 3) peripheral blood samples available in some neonates served as confirmation that 302 

the presence of IgG was not due to maternal blood contamination (data not shown).  303 

The findings on predictors of neonatal serology levels are limited by clinical data 304 

capture, and the sample size may obscure other predictors of neonatal serology 305 

response. In addition, the data on maternal oxygen supplementation used in the 306 

multiple linear regression analysis was limited to a small number of patients, and we 307 

suspect that oxygen supplementation in the mothers is a marker of disease severity. 308 

Conclusions. These data on the timing of the IgG and IgM response following infection 309 

and the duration of the antibody response during pregnancy may help inform the use of 310 

a protective vaccine for pregnant women. Our findings suggest that maternal 311 

vaccination that stimulates maternal IgG response may confer protection to the neonate. 312 

Furthermore, a certain level of maternal IgG may be necessary to transfer sufficient 313 

antibody to the neonate.   314 
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 423 

FIGURE LEGENDS: 424 

Figure 1: IgG and IgM levels in symptomatic and asymptomatic pregnant women. 425 

Comparison of the level of IgG (A) and IgM (B) serology values in asymptomatic (beige, 426 

N=51) and symptomatic (green, N=37) pregnant women. All positive serology cutoff is 1 427 

(dashed line). Values are shown on log2 scale. 428 

Figure 2: Timing of Serologic Response in Pregnant women. 429 
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Serologic results were plotted as a function of time to better understand the timing of 430 

antibody response. A, IgG (blue) and IgM (red) values per pregnant woman plotted as a 431 

function of elapsed time from first COVID-19 symptoms. All positive serology cutoff is 1 432 

(dashed line). Values are shown on log2 scale. Data is plotted as a LOESS curve for 433 

each group. Shaded regions indicate 95% confidence intervals derived during LOESS. 434 

Fig. 3: Passive immunity and the serology levels in neonates. 435 

Neonates were tested for serology in order to understand the rate of passive immunity 436 

and the pattern of passive immunity between mother to child. A, Neonates that are 437 

serology negative (beige) vs. IgG positive (purple). No neonates were IgM positive. B, 438 

Maternal IgG antibody levels grouped by those mothers who gave birth to serology 439 

positive neonates (purple, N=39) or the mothers that gave birth to serology negative 440 

neonates (beige, N=11). C, IgG levels of mothers vs. IgG levels of neonates. All positive 441 

serology cutoff is 1 (dashed line). Values are shown on log2 scale. 442 
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