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A B S T R A C T   

There is inadequate screening for SARS-COV-2 during pregnancy. We aimed to determine the impact of maternal 
and neonatal cord blood SARS-COV-2 antibodies and placental transfer ratios in a region with a low screening 
plan. 

We performed a blind study in one of the SARS-CoV-2 epicenters in South America. 32% of pregnant women 
were serological positive. Importantly, there is an efficient passive immunization of the fetus to SARS-CoV-2. We 
report high incidence of SARS-CoV-2 infection during pregnancy, which is higher than officially reported. 
Therefore the need of active immunization to enhance maternal protection and fetal passive immunization.   

1. Introduction 

Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2), 
the cause of the Coronavirus Diseases of 2019 (COVID-19), is respon
sible for the global pandemic of 2020 and 2021 with over 107 million 
confirmed cases and over 2.3 million deaths [1]. Ecuador is one of the 
most heavily impacted countries with an official report of 507,020 cases 
(2873 confirmed cases per 100,000) and 32,000 deaths (185.12 
deaths/100,000) [2]. However, due to the lack of testing, these numbers 
are likely an underestimate. 

Most of Ecuador’s SARS-CoV-2 cases were concentrated in the 
Guayas and Los Rios provinces and their capitals: Guayaquil and 
Babahoyo [2]. The seroprevalence of SARS-CoV-2 for the rural popula
tion of the coastal Ecuador region was over 70% [3]. Unfortunately, 
there was no SARS-CoV-2 seroprevalence data from individual cities, 
such as Babahoyo. Thus, a major drawback of this data is the assumption 
that infections were uniform within cities; thus questioning the real 
extent of the infection in Ecuador. 

An important population that deserves meticulous consideration 
during the COVID-19 pandemic is pregnant women. Current data sug
gest that maternal complications due to COVID-19 appear to be similar 

to reproductive aged non-pregnant women, although a subset of preg
nant women may be at increased risk for admission to an intensive care 
unit, need for respiratory support, and death [4]. Additionally, there 
may be an increased risk of preterm birth, low birth weight, and ce
sarean deliveries although vertical transmission is considered rare 
[5–9]. 

Infections during pregnancy have consequences for both the mother 
and fetus [10,11]. Thus, monitoring infections during pregnancy is 
essential to generate understanding and establishing interventions per
taining to the protection of both mother and fetus. Unfortunately, sur
veillance of SARS-CoV-2 infections in pregnant women has been poorly 
implemented, especially in vulnerable countries, such as Ecuador. 

The newborn’s immunological protection heavily depends on 
transplacental delivery of maternally-derived antibodies. The extent to 
which maternal antibodies are produced in response to SARS-CoV-2 
infection during pregnancy and the extent to. which they cross the 
placenta are critical in understanding the degree of passive protection 
that is afforded to the newborn [12]. To our knowledge, studies of 
transplacental transfer of maternal SARS-CoV-2–specific antibodies to 
newborns is limited to a few reports that are mainly located in the 
United States [12]. 
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The objectives of this study were twofold: 1) determine the sero
prevalence of SARS-CoV-2 specific antibodies in pregnant women in a 
location where regular screening is not implemented and 2) define the 
rate of transplacental antibody transfer. In this study, we report a high 
rate of SARS-CoV-2 infection during pregnancy and a highly effective 
transfer of maternal IgG antibodies to SARS-CoV-2 across the placenta 
and to the fetus. Our results can be extrapolated to suggest a potential 
benefit for vaccination during pregnancy. 

2. Methods 

2.1. Study population 

This study followed the Strengthening the Reporting of Observa
tional Studies in Epidemiology (STROBE) reporting guidelines. This was 
retrospective study done with samples sent for tests that were originally 
not related to this study. A consent waiver was approved since samples 
were not collected for the study and the samples used were defined as 
dischargeable material. 

The study included 100 serum samples collected from pregnant 
women at the time of delivery along with corresponding neonatal cord 
blood. Serum samples were collected for routine screening and blood 
typing. Neonatal cord blood samples were collected only for blood 
typing. 

All samples were deidentified prior to testing. Clinical information 
and demographics were collected by reviewing electronic records that 
did not have any personal identifiers. Maternal illness was determined 
by the definition from the US Centers for Disease Control and Prevention 
(CDC): 1) asymptomatic: no symptoms related to shortness of breath 
radiographic evidence of pneumonia and normal oxygenation. 2) 
Symptomatic: shortness of breath or radiographic evidence of pneu
monia with or without administration of supplement oxygen. 

2.2. Antibody measurements 

Levels of IgG and IgM SARS-CoV-2 specific nucleocapsid and spike 
antigens were determined using specific enzyme linked immunosorbent 
assay (ELISA) (DiaPro, Milano, Italy Cat number COV19G.CE and 
COV19 M.CE) according manufacturer’s instructions. 

2.3. Statistical analysis 

IgM and IgG values of were plotted as continuous variables and 
expressed as the median (interquartile range) with error bars repre
senting 95% confidence intervals. The relationship between the 
maternal and neonatal serologic data was determined using Pearson 
correlation and linear regression. 

Maternal/fetal transfer ration was defined as fetal divided by 
maternal antibody levels: 

TR =
Fetal− IgG ​ (MFI)

Maternal− IgG ​ (MFI) ​ per ​ Beharier ​ et ​ al[13]. 

3. Results 

3.1. Demographics 

Patient clinical characteristics and demographics are summarized in 
Sup.Table 1. All serum specimens were collected from Babahoyo, 
Ecuador with a high incidence of COVID-19 infection but with low 
screening rate of pregnant women. Race and ethnicity were relatively 
homogeneous with 100% of participants being Hispanic women. 

3.2. Incidence of SARS-CoV-2 IgM and IgG in pregnant women 

To determine the incidence of SARS-CoV-2 infection in pregnant 
women in a population where regular testing for SARS-CoV-2 was not 

implemented (NP-PCR), we evaluated the presence of SARS-CoV-2 
nucleocapsid and spike protein IgG and IgM antibodies in blood sam
ples from 100 patients that were collected at the time of delivery from 
September 3, 2020 to January 31, 2021 for reasons that were non- 
related to this study. Matched maternal-cord blood sera were available 
for all the 100 patients, which were also analyzed. The average age of 
the studied cohort was 24.8 years (range 16–41 years) and there were no 
reports of pregnancy complications (Sup Table 1). 

From the 100 recruited pregnant women: 32 were seropositive for 
SARS-Cov-2; 22 were IgM and 2 were IgG seropositive (Fig. 1A); 11 were 
IgM positive but IgG negative, suggestive of a recent infection at the 
third trimester, close to the time of delivery; 10 were only IgG positive, 
suggestive of an infection early or before pregnancy; 11 were IgM and 
IgG positive (Fig. 1A). 

Table 1 
Demographics.  

Characteristics of Pregnant Women Number (Percent) 

Total 100 (100) 
Age Average: 24.8 
16–19 yr 3 (3) 
20–24 yr 21 (21) 
25–34 yr 63 (63) 
35–45 yr 13 (13) 
Pregnancies Average: 2.19 
1 28 (28) 
2 42 (42) 
3 13 (13) 
>4 17 (17) 
Delivery  
Vaginal 18 (18) 
C-Section 82 (82) 
Blood Type  
O 75 (75) 
A 20 (20) 
B 5 (5) 
RH Factor  
+ 89 (95.7) 
– 4 (4.3) 
Covid Related Symptoms  
None 93 (94.89) 
Mild 2 (2.04) 
Severe 3 (3.06) 
Pregnancy Complications  
No 100 (100) 
Yes 0 (0) 

Characteristics of Newborn Babies Number (Percent) 
Total 100 (100) 
Gender  
Male 55 (55) 
Female 45 (45) 
Ballard  
<36 16 (16.16) 
37–39 70 (70.71) 
>40 13 (13.13) 
Blood Type  
O 77 (77) 
A 17 (17) 
B 4 (4) 
AB 2 (2) 
RH Factor  
+ 99 (99) 
– 1 (1) 
APGAR Scores (Average)  
1” 7.42 
5” 8.42 
10” 8.65 
Birth Complications  
No 100 (100) 
Yes 0 (0) 
Birth Weight  
Low 2 (2.04) 
Normal 96 (97.96)  
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3.3. Correlation between symptoms and seroprevalence 

A retrospective chart analysis of all 32 SARS-CoV-2 seropositive 
pregnant women showed that 12.5% (4/32) were symptomatic with 
COVID-19 like symptoms, whereas 87.5% (28/32) were asymptomatic. 

Both asymptomatic and symptomatic pregnant women showed detect
able IgG and/or IgM (Fig. 1B). Although not statistically significant, we 
did observe a correlative trend between IgG levels and symptomatic 
women (0.4136 p-value = 0.0623). No correlation was observed be
tween symptoms and IgM levels (0.2379 p-value = 0.2863) (Fig. 1C). 

Fig. 1. Incidence of SARS-CoV-2 Specific IgM and IgG in Pregnant Women. A. IgG and IgM sero-prevalence in pregnant women. 100 pregnant women were 
evaluated for IgG and IgM antibodies against Sars-CoV-2.68 patients were negative, 10 patients were IgG positive, 21 patients were IgG and IgM positive, and 11 were 
IgM only positive. B. Correlation Between Seroprevalence and Symptoms. Comparation of the IgG serology in symptomatic and asymptomatic pregnant women. 
IgG levels were higher in symptomatic pregnant women although it did not reach statistical significance. No differences were observed for IgM between symptomatic 
and asymptomatic pregnant women. C. Assessment of Neonatal Cord Blood SARS-CoV-2 IgG Antibodies: Determination of IgG antibodies to SARS-COV-2 in cord 
blood samples showed 21 serologic-positive and 79 negative. The 21 serologic positive samples correspond to the 21 positive mothers. 

Fig. 2. Maternal Transfer of IgG Antibodies. A. Linear regression of maternal and newborn IgG to SARS-CoV-2. B. The Violin Plot was constructed using R’s 
GGPlot2 library. The plotted values are the IgG Transfer Ratios of seropositive pairs of mothers and newborns (Newborn IgG/Mother IgG). The lowest value is 0.22, 
and the highest is 5.68. The mean is 1.41 and the standard deviation is 1.17, with most values located between 1 and 2. C. Impact of the Type of Delivery on Serologic 
Evaluation in the New Born. 
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3.4. Newborn passive immunization of IgG 

To evaluate the degree of passive immunization to the fetus in SARS- 
CoV-2 infected pregnant women, we first analyzed the cord blood of the 
21 identified SARS-CoV-2 IgG serology positive mothers (Fig. 1C). 
Twenty-one cord blood samples were IgG positive and positively 
correlated with the 21 IgG serology positive mothers (Pearson correla
tion coefficient = 0.4719 (p-value = 0.0308) and Fig. 2A). From the 11 
IgM serologically positive mothers, the corresponding cord blood sam
ples were IgG negative. We did not observe IgG in cord bloods obtained 
from serology-negative mothers (Fig. 1C). 

3.5. Efficiency of IgG transfer from mother to fetus 

Since we observed 100% transfer of IgG to COVID-19 specific 
nucleocapsid and spike protein from the mother to the infant, we eval
uated whether the efficiency of transfer is similar between all the studied 
patients. We defined relative efficiency based on titer levels detected in 
the cord blood relative to the maternal titers. 5/21 samples showed 
relatively inefficient transfer of IgG SARS-CoV-2 antibodies from 
mothers to the cord blood (Sup.Table 2; Fig. 2B). Only 2/21 showed a 
high efficiency in antibody transfer (patient B073 and BO96) charac
terized by higher titers in the infant compared to the mother (Sup. 
Table 2; Fig. 2B). 14/21 samples showed similar levels of IgG to SARS- 
CoV-2 specific nucleocapsid and spike proteins between the mother and 
infant (Sup.Table 2 and Fig. 2A and B). 

3.6. Type of delivery and seroprevalence 

Since we aimed to study the passive immunization from mother to 
fetus, we evaluated the possibility of contamination at the time of de
livery. We performed a retrospective chart analysis of all 32 serologi
cally positive mothers and found that 24 women (75%) gave birth 
through cesarian delivery, whereas 8 women (25%) had vaginal de
livery. More importantly, we did not observe significant differences 
between the IgG levels in the cord blood of neonates born from cesarian 
or vaginal delivery (p-value 0.6598 for IgG); confirming the presence of 
passive immunization from the mother to the fetus (Fig. 2C). 

4. Discussion 

We present for the first time a complete matching cohort with 32 
IgG/IgM positive mothers and their respective neonates. We report two 

important clinical observations associated with SARS-CoV-2 infection 
during pregnancy. First, we show a high incidence of infected pregnant 
women in areas lacking appropriate screening programs. Second, we 
show data that suggests an efficient passive immunization of the fetus to 
SARS-CoV-2 during pregnancy. 

Pregnant women are particularly vulnerable to the effects of socio
economic crisis that were generated by the pandemic. This vulnerability 
is evidenced in the high rate of pregnant women being infected, without 
their knowledge of the infection. From the 100 patients evaluated, none 
were diagnosed as SARS-CoV-2 positive by any test. Although, as 
determined in this study, 32% were serologically positive to SARS-CoV- 
2. Our study, shows a high incidence of SARS-CoV-2 infection in preg
nant women, which is relevant considering the potential implications of 
the infection to future maternal and infant health [5,14]. 

Our findings demonstrate that pregnant women can efficiently 
respond to SARS-CoV-2 and do not develop major symptomatology; 
consequently, demonstrating the opposite of immune suppression. In 
addition, the rate of seroprevalence in the newborns demonstrate an 
active communication between the maternal immune system and fetus. 
A second aspect that is essential to consider is the role of the placenta 
during infections. Pregnant women represent an immunologically 
unique population, because their immune system is influenced by sig
nals originating from the placenta [15,16]. We, and others, have shown 
that the placenta functions as an immune modulatory organ that regu
lates immune responses both at the implantation site and systemically. 
The placenta functions as an immunological barrier preventing viral 
transfer to the fetus, but allows transfer immunological components, 
such us immunoglobulins. 

The presence of maternal IgG in the newborn provides an advantage 
for protection. In this study, although higher than other reports [17], we 
observe an efficient transfer of IgG specific to SARS-CoV-2 from the 
maternal side to the fetal side, which cannot be justified as contamina
tion of maternal blood at the time of delivery. Seventy percent of the 
studied patients gave birth by cesarian section, which prevents potential 
contamination. 

In conclusion, the risk of infection and developing other complica
tions are high during pregnancy. The best prevention for protecting the 
mother from SARS-CoV-2 infection is vaccination; which, by the data 
shown here, will provide the fetus and neonate a strong and effective 
protection to SARS-CoV-2 infection through passive placenta transfer of 
SARS-CoV-2 specific antibodies. 

High percentage of the patients underwent cesarean section. There 
were no differences on neonatal IgG levels observed between vaginal 
delivery or cesarean section. 
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2.193 3.227 1.471500228 B059 RN077 
1.714 4.284 2.499416569 B060 RN078 
1.931 3.554 1.840497152 B063 RN080 
12.19 12.87 1.055783429 B064 RN081 
11.55 5.604 0.485194805 B066 RN082 
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1.135 1.467 1.292511013 B071 RN084 
13.57 8.351 0.615401621 B072 RN085 
2.242 12.73 5.677966102 B073 RN086 
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