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Abstract

Background: Coronavirus disease 2019 (COVID-19) is a relatively new disease with high morbidity and
mortality. Information about the prevalence of infections in pregnancy could help identify herd immunity,
project epidemics, and decide policy guidelines.

Objectives: The aim of this study was to determine the infection susceptibility risk of COVID-19 in
pregnancy, to determine the prevalence of COVID-19 antibodies (IgG & IgM), and to evaluate the
determinants of COVID-19 antibody positivity in pregnancy.

Materials and methods: This was an analytical cross-sectional study involving 258 consenting pregnant
women recruited at Irrua Specialist Teaching Hospital, Edo State, Nigeria. Of these, 179 participants were
recruited from the antenatal clinic, and 79 from the gynecology emergency unit. A structured questionnaire
was administered at baseline. Venous blood was obtained at enrolment to test for total antibodies using
ELISA. A nasopharyngeal swab was simultaneously obtained for COVID-19 PCR for all participants.
Umbilical cord blood was taken after delivery in those who had positive serology. Socio-demographic
variables and clinical presentation of respondents were considered as exposure variables, and this was
cross-tabulated with outcome variables in bivariate analysis using chi-square with a level of significance at a
P-value less than 0.05. Variables in bivariate analysis of chi-square that have a P-value less than 0.2 were
entered into a logistic regression using multivariate logistic models.

Results: The study detected active COVID-19 infections among 7.4% (19/258) of the study participants. The
study demonstrated a seroprevalence of COVID-19 antibodies in 62.4% (161/258) of the participants at
recruitment and showed a strong correlation between working in the healthcare setting and living in an
urban environment. Our study also reported 5.3% (8/152) of cord blood antibody positivity among study
participants. The concentration of maternal immunoglobulin strongly and positively correlated with cord
blood seropositivity.

Conclusion: Prevalence estimates are an underestimate of the actual proportion of pregnant women with
prior COVID-19 exposure as observed in the study discrepancy of confirmed PCR infection and evidence of
previous infection from serology. The study also highlighted a low efficiency of placental transfer of COVID-
19 antibodies at birth among those who were seropositive at baseline and showed that maternal antibody
levels play an important role in determining the efficiency of placenta transfer of COVID-19 antibodies in
pregnancy.

Categories: Pediatrics, Family/General Practice, Obstetrics/Gynecology
Keywords: polymerase chain reaction, antibody transfer, covid-19, pregnancy, seroprevalence

Introduction

COVID-19, a potentially severe acute respiratory infection, is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [1,2]. COVID-19 manifestation spans from symptomatic to
asymptomatic, with a majority of the infections going undiagnosed and unreported [3]. Consequently,
relying solely on clinically apparent cases significantly underestimates the true infection rates. The
existence of asymptomatic or subclinical infections raises concerns due to their potential for propagating the
infection, which poses significant challenges to public health efforts. Serologic tests detect COVID-19-
specific antibodies, indicating previous exposure regardless of symptom severity [4,5]. Monitoring
seropositivity in a population reveals the infection extent. In pregnancy, viral infections pose risks due to
altered immune status, increasing vulnerability to adverse outcomes [6]. Viral infections such as influenza,
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Lassa fever, and Ebola have elevated mortality rates for pregnant women and fetuses [7-9].

Despite extensive COVID-19 research, significant knowledge gaps remain, especially regarding pregnancy,
with limited studies in Africa. Unfortunately, pregnant women are often excluded from the research on
vaccines and treatments for emerging infectious diseases due to concerns about fetal risks, despite the
threats posed by COVID-19 to mothers and healthcare workers [10,11]. It is crucial to recognize pregnant
women as a unique and vulnerable group deserving specific research attention for COVID-19 and other
emerging diseases. Moreover, understanding its effects during pregnancy remains limited, with emerging
evidence suggesting a substantial portion of pregnant women are asymptomatic [12]. While numerous
COVID-19 vaccines are in development, lacking comprehensive epidemiological data hampers trial design,
with gaps in understanding seroprevalence, infection rates, high-risk groups, disease presentations, and
antibody kinetics. It is also approximated that 80% of infections are mild or asymptomatic [13]. Therefore,
relying solely on confirmed cases may underestimate the true disease burden and infection fatality rate.
Serological tests are, therefore, recommended for the detection of specific antibodies, as this will provide an
accurate estimate of infections [14-20]. A recent New York City-based study conducted between March and
April 2020 found that 36% of the suspected COVID-19 pregnant patients tested positive [21]. In sub-Saharan
Africa, asymptomatic pregnant women are rarely tested, hindering disease burden assessment. Pregnant
women's frequent interactions heighten risks for healthcare workers and the public, warranting their
classification as a "special group" in COVID-19 interventions. Nigeria's testing is mainly for symptomatic
patients, potentially underestimating the COVID-19 disease burden. Philadelphia research reported 1.4%
PCR-confirmed COVID-19 cases in pregnant women, contrasting serological studies showing a higher 6.2%
exposure rate [22-26]. A Nigerian household seroprevalence survey revealed higher infection rates than
national data, particularly in asymptomatic cases [25]. This survey found COVID-19 antibodies in 23%
(Lagos state) and 9% (Gombe state), indicating substantial exposure [25]. Seroprevalence surveys effectively
estimate population exposure.

Serology testing is gaining importance in detecting COVID-19 exposure and transmission. Patients typically
show positive IgG or IgM antibody results within 19 days of SARS-CoV-2 exposure, even after negative PCR
results [27-31]. Pregnant women and neonates have unique immune systems shaped by maternal-fetal
interactions. The extent of passive transfer of COVID-19 antibodies is underexplored, with cases of
neonates born to mothers with differing serologic statuses raising uncertainties [32-36], including
asymptomatic women's ability to transfer antibodies [36]. Presently, COVID-19 detection is reliant on PCR
tests, which analyze respiratory samples for ongoing infections [37], and serology, which examines blood for
past infections [37]. Thus, a positive PCR test confirms active COVID-19 presence [38], while a positive
antibody test indicates prior infection [38]. Currently, the gold standard diagnosis is positive RT-PCR results
from respiratory specimens [39,40]. Combining RT-PCR, clinical symptoms, and serological testing ensures
timely and accurate diagnosis, especially in pregnant women. COVID-19 lacks sufficient pregnancy-related
data. Serological tests are crucial for understanding viral exposure, especially in pregnant women, who
consistently engage with healthcare workers during prenatal care and delivery, offering insights into
community exposure. Therefore, there is a need to ascertain asymptomatic infections in pregnant women
and the immunity proportion among previously infected individuals. Monitoring antibody seropositivity
(IgG and IgM) can gauge infection extent and incidence, aligning with WHO guidelines. Further, it

is acknowledged that pregnant women are increasingly vulnerable to viral infections, with attendant risks of
severe maternal and fetal outcomes. As such, conducting the study on pregnant Nigerian women enables the
evaluation of clinical and epidemiological patterns, alongside the COVID-19 and obstetric outcomes in
pregnant women visiting Nigerian hospitals for prenatal care services.

This study’s objectives include the estimation of COVID-19 seropositivity during pregnancy and antibody
transfer at delivery; the determination of the COVID-19 infection rates among symptomatic pregnant
women presenting for antenatal care in the study area, as well as ascertaining the incidence of
asymptomatic COVID-19 infections among pregnant women within the same region; establishing the
prevalence of COVID-19 antibodies (IgG and IgM) in symptomatic and asymptomatic pregnant women; and
the evaluation of the proportion of respondents with COVID-19 cord blood seropositivity, shedding light on
the potential transmission of antibodies from seropositive mothers to their newborns.

Materials And Methods

Study area, study population and design, and sampling technique

This study was conducted at Irrua Specialist Teaching Hospital (ISTH) in Irrua, Edo State, Nigeria. ISTH,
established in 1991, is one of Edo State's federal tertiary hospitals, serving as a referral center for the region.
It receives patients from various healthcare institutions and plays a vital role in diagnosing and managing
emerging infectious diseases such as COVID-19, Lassa fever, monkeypox, Marburg, and yellow fever. ISTH
conducts reverse-transcription polymerase-chain-reaction (RT-PCR) testing and serves patients from all
over Nigeria. Participants included pregnant women attending ISTH's antenatal clinic and seropositive
mothers. This analytical cross-sectional study involved recruitment at two stages: baseline (enrollment) and
delivery (cord blood sampling). A multi-stage sampling method was used for participant selection.

Selection criteria (inclusion and exclusion criteria)
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Inclusion criteria included (a) pregnant women aged >18 years, attending the antenatal clinic or presenting
at the Maternal and Child Health Unit (MCH) Casualty Unit at ISTH Irrua; (b) women who intend to deliver at
Irrua Specialist Teaching Hospital at full term; and (c) pregnant women who test seropositive at recruitment
and consent to cord blood sampling upon delivery. The exclusion criteria included (a) pregnant women
below 18 years of age and (b) pregnant women who declined participation in the study. By adhering to these
selection criteria, the study aims to gather meaningful insights into the susceptibility, seropositivity, and
antibody transfer dynamics of COVID-19 among pregnant women in the specified region.

Outcome measures

The primary outcome measures of this study encompass various aspects: (a) the prevalence of COVID-19
infection in pregnant women, encompassing both symptomatic and asymptomatic cases; (b) the
seroprevalence of COVID-19 antibodies within the study population; and (c) the COVID-19 seropositivity in
cord blood among mothers who tested seropositive. The secondary outcome revolves around understanding
the factors associated with COVID-19 seropositivity in pregnant women and cord blood.

Recruitment at baseline

Participants entered the study via the MCH, which serves a diverse group of pregnant women, including
those receiving antenatal care, those with pregnancy-related complaints, and those in labor. Pregnant
women accessed the unit through various routes, including the antenatal clinic (for routine care), the
emergency unit (for complaints such as fever or respiratory symptoms), or the labor ward (for those in labor).
Symptomatic patients occasionally came directly through their antenatal clinics. Weekly records showed the
MCH attended to at least 222 antenatal care seekers and about 98 gynecological emergency cases. The
antenatal clinic operated from Monday to Thursday, while the gynecological emergency unit was open all
week.

Determination of the sample size, sampling frame, and proportionate
random sampling per unit

Sample size calculations considered a 95% confidence level and a two-sided type 1 error of 0.05. The
estimated seroprevalence of COVID-19 in Nigeria was 18.5% across four states. Using the formula N =27 "
2pg/d * 2, where N represents the minimum sample size, Z is the critical value (1.96 for 95% confidence), p is
the prevalence (18.5%), q is the complementary probability (0.815), and d is the degree of accuracy (0.05).
The initial sample size (N) was computed as 232 subjects. Accounting for a 10% non-response rate, the
adjusted sample size (ns) became 256 participants.

Our sampling frame encompassed patients accessing the antenatal clinic and gynecological emergency unit,
totaling 320 women weekly. Proportionate sampling over four weeks projected 888 women from the
antenatal clinic and 392 from the gynecological emergency unit. Combining both units, 1,280 women were
expected over four weeks, and the study's sample size was set at 258 participants.

For the gynecological emergency unit, the proportionate allocation was calculated by dividing its projected
participants by the total projected for both units and then multiplying by the study's sample size, resulting in
79 participants. Similarly, for the antenatal clinic, proportionate allocation yielded 179 participants. In total,
179 participants were recruited from the antenatal clinic, and 79 from the gynecological emergency unit.

Systematic sampling for recruitment of study participants

The sampling interval (nth number) was determined by taking a percentage of the desired participants to be
seen over the four-week period. For the gynecological emergency unit, every 20th patient presenting to the
unit was selected (79/392 X 100 = 20th patient), and the same was done for the antenatal clinic (179/888 X
100 = 20th patient). The first participant was selected through simple random sampling via balloting. The
initial 20 patients received a bag containing 20 tallies, with 19 labeled "No" and one labeled "Yes." In our
study, the sixth patient was the first to be recruited, followed by every 20th patient thereafter. When a
selected participant did not meet the eligibility criteria, was absent during data collection, or opted out, the
next eligible participant was recruited. Trained healthcare staff, including doctors and nurses at ISTH's
Maternal and Child Health Unit, also identified eligible participants during their visits and consultations at
the unit.

Study visits

This study was conducted between September 2021 and July 2022. During enrollment, a structured
questionnaire collected baseline data, including socio-demographics (age, gender, parity, education, risk
exposure history), and recorded presenting symptoms such as fever, cough, and loss of smell. COVID-19
PCR and serology tests were performed, along with cord blood collection for serology. Gestational age was
determined using ultrasound and the last menstrual period. For seropositive mothers, newborns' cord blood
was sampled at birth.
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Characteristics

Total sample size

Age (years)
<25
26-30

31-35

Questionnaires were administered face-to-face in English, with translated versions for non-English
speakers. All participants received standard antenatal and post-natal care per hospital protocols.
Symptomatic participants exhibited acute illness with symptoms such as fever or respiratory distress, while
asymptomatic participants had routine antenatal visits without complaints.

Sample collection, processing, and storage

Upon enrollment, 7.5 mL of venous blood was collected for total antibody assessment via ELISA, while a
nasopharyngeal swab was taken for COVID-19 RT-PCR. Immunoglobulin-positive individuals had 7.5 mL of
umbilical cord blood collected post-delivery, stored in serum separator tubes, and processed in a dedicated
molecular laboratory.

Questionnaires were completed in a consulting room, with forms and containers labeled with unique
identification, date, and time. Full personal protective equipment (PPE), including aprons, gloves, face
shields, and N95 masks, was worn throughout. Translation into the local language was provided as needed.

COVID-19 testing procedures

The nasopharyngeal swab was inserted into the nostril for 20 seconds to absorb secretions and then placed in
sterile tubes containing viral transport media (VTM). The VTM tube was securely wrapped in absorbent
material and inserted into a leak-proof secondary container, which was further enclosed in a centrifuge or
falcon tube and a zip-lock bag labeled with a biohazard sign. COVID-19 samples were transported with ice-
cold packs. RealStar® SARS-CoV-2 RT-PCR Kit RUO (Altona Diagnostics, Hamburg, Germany) was used for
COVID-19 PCR, while total antibody levels were assessed using the Wantai SARS-CoV-2 Ab ELISA
diagnostics (Wantai BioPharm, Beijing, China).

Data analysis

Data analysis was conducted using Statistical Product and Service Solutions (SPSS, version 25.0) (IBM SPSS
Statistics for Windows, Armonk, NY). The analysis involved descriptive and bivariate analyses, along with
multivariate analysis using logistic regression models. Initially, a descriptive analysis was performed to
understand the key characteristics of participating pregnant women. Summary statistics, including mean,
standard deviation, median, interquartile range, range, frequency, and proportions, were used as appropriate
measures.

In the analytical process, socio-demographic and clinical presentation variables were considered exposure
variables. These variables were cross-tabulated with outcome variables (seropositive and seronegative
respondents) in a bivariate analysis using the chi-square test, with a significance level set at P < 0.05.
Variables with a P-value less than 0.2 in the bivariate chi-square analysis were selected for inclusion in the
multivariate logistic regression model.

Results
Study participants and characteristics

A total of 258 study participants were enrolled in the investigation, with 179 originating from the antenatal
clinic and 79 from the gynecology emergency unit. Among these participants, 152 pregnant women
presented without any symptoms, while 106 pregnant women exhibited symptoms at the time of
recruitment. The average age of the study participants was 30.6 * 4.0 years, with an age range spanning from
18 to 44 years. Pregnant women aged between 26 and 30 years accounted for 37.0% of the entire study
cohort.

Furthermore, a substantial portion of the participants (69.8%) had experienced at least one previous
pregnancy, with the majority currently in either their second or third trimester. Education levels were
notable among the participants, as 54.7% had successfully completed secondary school. In terms of
residence, 68.2% of the participants hailed from rural areas. Comprehensive information detailing the
baseline characteristics of the study participants is available in Table 7 below. These characteristics serve as
essential context for the subsequent analyses and findings of the study.

N %
258 100
53 20.5
95 36.8
69 26.7
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36-40 41 15.9
Mean age * SD [range] 306 £4-01[18 — 44] -

Gestational age (weeks)

<13 8 3.1
14-27 116 45
>28 134 52
Median [IQR] 2508 - 36] -

Area of residence

Lives in a rural area 176 68.2

Lives in Urban Area 82 S

Educational level

No formal education 6 23
Primary 58 22.5
Secondary 141 54.7
Tertiary 53 20.5
Occupation

Trading 126 48.9
Civil/public service 50 19.4
Health Care Workers 28 10.9
Farming 20 7.8
Housewife 12 4.7
Artisan 9 3.5
Others 13 5
Parity

0 46 17.8
1-4 180 69.8
25 32 12.4
Total number of symptomatic pregnant women recruited 106 411
Total number of asymptomatic pregnant women recruited 152 58.9
HIV 7 2.7
Hepatitis B infected participants 2 0.8

TABLE 1: Baseline characteristics of pregnant women

Others: House-help, cosmetic shop worker, security guard, casual laborers, contract workers in hotels and restaurants.
HIV = human immunodeficiency virus, IQR = interquartile range; n = number of pregnant women recruited into the study; SD = standard deviation

COVID-19 positivity rate among study participants (n=258)

The analysis revealed that the incidence of COVID-19 RT-PCR positivity among the study participants was
calculated to be 7.4%, with 19 out of 258 participants testing positive for the virus. Among these 19 positive
cases, it was observed that seven individuals (36.8%) were asymptomatic at the time of testing, whereas 12
participants (63.2%) presented with symptoms indicative of COVID-19 during their recruitment into the
study. This breakdown (see Figure I below) highlights the varying clinical presentations of COVID-19 within
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the cohort of participants under investigation.

COVID-19 positive respondents

Asymptomatic COVID-19 positive subjects I

Symptomatic COVID-19 positive subjects I

0 50 100 150 200 250 300

FIGURE 1: COVID-19 rates among the study participants

Of the overall study size of 258, 152 study participants did not present with symptoms (see Table 2 below),
the incidence of coronavirus disease was 4.6%, and about 95.4% was negative for RT-PCR.

Asymptomatic respondents (n=152) Sum of frequency Sum of percentage
COVID-19 Positive 7 4.6

COVID-19 Negative 145 95.4

Grand Total 152 100

TABLE 2: Result of asymptomatic respondents

Among the study participants who presented with coronavirus-related symptoms (see Tables 3-4 below), 106
of them were ill, presenting to the antenatal or emergency unit with these symptoms, 12 tested positive,

and 94 negative to RT-PCR. The prevalence of coronavirus disease infection among symptomatic pregnant
women recruited in the maternal and child health unit was 11.3%, and about 88.7% were negative using real-

time PCR.
Variables Sum of frequency Sum of percentage
COVID-19 PCR Negative 94 88.7
COVID-19 PCR Positive 12 11.3
Grand Total 106 100

TABLE 3: Study participants who presented with coronavirus-related symptoms

PCR = Polymerase chain reaction
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Symptoms N=106 Proportion of COVID-19 PCR Positives in symptomatic patients n =12
Cough 88 10 (83.3)

Fever 72 8 (66.7)

Fatigue 71 8 (66.7)

Chest pain 57 9(75.0)

Diarrhea 22 4 (33.3)

Loss of smell 11 6 (50.0)

Difficulty with breathing 09 2(16.7)

Visual blurring 04 1(8.3)

TABLE 4: Common presenting clinical symptoms among the study participants

N = number of symptomatic participants, n = number of symptomatic participants with confirmed coronavirus disease, PCR = polymerase chain reaction

Seroprevalence of COVID-19 among the study participants

The overall seroprevalence at enrolment of participants over the study period was 164/258 (63.57%), and
10.6% (17/161) of seropositive participants had active COVID-19 infection and reported COVID-19 PCR
positive at the time of recruitment. The mean age among seropositive mothers was 29.8 £ 5.2 years (range:
18-40) and was not significantly different from that of seronegative mothers (P=0.435). In a multivariable
logistic regression, working in a healthcare setting (aOR=6.01 (95%CI=1.83-44.8), P=0.02) and living in an
urban environment (95%CI=2.66 (1.00-4.79), P=0.046) were significantly associated with COVID-19
immunoglobulin seropositivity (Table 5).

Total COVID-19 antibodies for symptomatic patients Frequency (n=258) Percent (%)
Positive 37 34.9
Negative 69 65.1
Total COVID-19 antibodies for asymptomatic patients Frequency (n=152) Percent (%)
Positive 109 7.7
Negative 45 29.6

TABLE 5: Prevalence of COVID-19 antibodies

Prevalence of COVID-19 antibodies in cord blood

Table 6 below indicates the overall seroprevalence of COVID-19 infection at enrollment of participants
during the study period, including participants with positive and active PCR COVID-19 infection.

Prevalence of COVID-19 antibodies in cord blood Frequency (n=152) Percent (%)
Cord blood COVID-19 seropositivity
Positive 8 5.3

Negative 144 94.7

TABLE 6: Prevalence of COVID-19 antibodies in cord blood
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Transplacental transfer

Our study demonstrated a transplacental transfer of COVID-19 antibodies of 5.3% among seropositive

mothers in the third trimester. Nine of the seropositive women were missing (lost to follow-up at delivery).

There were variable factors associated with this seropositivity (see Table 7 below).

n=number of

N= ber of P-val OR P-val
Variables number o seropositive 95% ClI vaiue . ‘_Ia ue
respondents crude adjusted adjusted
respondents
<25=53 30 1.01 (0.98-1.08) 0.246 - -
26-30 = 95 68 1-46 (0.24-9.3) 0.643 - -
Age
31-35=69 39 0.83(0.34-6.2) 0.341 - -
36-40 = 41 24 0.53 (0.16-1.58) 0.283 - -
<13=8 5) 0.97 (0.95-1.02) 0.26 - -
Gestational age 14-27 =116 71 1.24 (1.14-2.91) 0.425 - -
>28=134 85 1.62 (0.96-3.42) 0.262 - -
1.12
0=46 28 1.62 (1.06-4.81) 0.443 (0.42- 0.441
8.76)
Parity
1-4 =180 121 1.15(1.01-1.32) 0.143 - -
25=32 12 - 0.336 - -
Reference 1.83 152
Self-reported prior history of No =216 155 (0.84-4.7) 0.132 (0.90- 0.103
treatment for COVID-19 2.55)
Yes =42 6 - - - -
2:32
Healthcare worker 28 17 6.01 (1.83-44.8) 0.002 (1.18- 0.016
4.60)
3.21
Urban = 82 67 2.66 (1.00-4.79) 0.043 (1.02- 0.047
Area of residence 5.80)
Rural = 176 94 - - - -
Viral illness in pregnancy (HIV No =249 159 0.53 (0.16-1.58) 0.267 - -
and/or HBsAg) Yes = 09 2 R R R R
Self-reported history of treatment No =214 132 1.60 (0.83-3.20) 0.374 ” B
for febrile illness Yes = 44 29 R R R R

TABLE 7: Factors associated with COVID-19 immunoglobulin seropositivity

For statistical significance, P<0.05

ClI = confidence interval; GA = gestational age; n = number of seropositive women; N = total number of women who were enrolled in the study (258); OR
= odds ratio; n = number of seropositive participants, (-): intentionally left blank

Analysis of the effect of different factors on the placenta transfer of
COVID-19 antibodies (cord blood seropositivity)

Our study reported 5.3% (8/152) of cord blood antibody positivity among study participants (see Table 8
below). The concentration of maternal immunoglobulin strongly and positively correlated with cord blood
seropositivity. Nine of the participants who were seropositive at baseline were missing at delivery (lost to
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Variables

Positive history of COVID-19 infection

Maternal immunoglobulin concentration

(reference index)

follow-up).

P-value [95% CI] [95% CI]
N=8 [95% CI] crude . Rk
crude adjusted adjusted
Reference 0.012 (-0.62 to
No =7 0.968 - -
-0.65)
Yes =1 - - - -
Reference -0.12 (-0.19 to -0.112 (-0.19 to -
High =8 ( 0.009 ( 0.007

-0.02) 0.03)

> 37 weeks Reference 0.017 (-0.39 to

0.976 - -
=6 0.43)
Gestational age at birth
< 37 weeks
=2
Reference 0.074 (-0.45 to
Viral illness in pregnancy (HIV and/or HBsAg) No =8 0.59) ( 0.782 - -
Ref 0.081 (-0.12 t
Male = 3 eterence (01210 4 451 - -

Sex at birth

0.29)

Female=5 - - - -

TABLE 8: Factor associated with cord blood antibody positivity among the study participants

For statistical significance, P<0.05.

ClI = confidence interval; OR = odds ratio; n = number of cord blood antibody positive participants; HIV = human immunodeficiency viruses; HBsAg =
hepatitis B surface antigen; (-): "intentionally left blank"

Discussion
COVID-19 seroprevalence among pregnant women

The relentless spread of coronavirus disease across Nigeria has impacted various demographics, including
pregnant women, adults, and children, during multiple waves of the pandemic. To accurately gauge the
infection's reach and grasp its true burden, it becomes imperative to establish a dependable estimate of
COVID-19-specific antibodies. Vulnerabilities of pregnant women and children to viral infections
underscore the necessity of their inclusion in studies focusing on emerging and re-emerging infectious
diseases.

Our investigation revealed a noteworthy seroprevalence of COVID-19 immunoglobulins (total IgG and IgM)
at 62.4% among pregnant women attending antenatal care at Irrua Specialist Teaching Hospital in Edo State,
Nigeria. This finding suggests a susceptibility risk of 37.6% within the studied pregnant population.
Interestingly, this risk contrasts significantly with the susceptibility risk of 78% reported in the general West
African population and an alarming 94% among pregnant women in a meta-analysis of African COVID-19
seroprevalence studies published in 2022 [41]. Notably, the aforementioned study acknowledged limitations
due to the scarcity of available data.

Our results align with the conclusions drawn by Price et al. [42] from a study conducted in Haiti, where a
seroprevalence of 56.7% was reported among a group of pregnant hospital patients. It is worth noting that
our findings contribute to the mounting evidence suggesting that the actual number of COVID-19 cases in
Nigeria may surpass the officially reported figures, both within the West African region and certain parts of
Europe [43].

In Nigeria, lax adherence to social distancing guidelines and mask-wearing protocols has been evident [41-
44]. Overcrowded urban marketplaces and public transportation, coupled with limited alternatives, may have
fostered a situation where a significant portion of the population, including pregnant women, was exposed
to symptomatic and asymptomatic COVID-19 infections. In many instances, these cases might have been
resolved through over-the-counter supportive treatments, a common scenario in Nigeria. While inadequate
infection control measures could have contributed to the surge in COVID-19 seropositivity among pregnant
individuals, the extent to which this exposure translates to the development of protective herd immunity
remains uncertain and warrants further exploration.
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Understanding COVID-19 incidence and seroprevalence

Following the successive waves of the COVID-19 pandemic, various regions in Nigeria have witnessed
outbreaks of respiratory symptoms and febrile illnesses. However, due to limited testing resources,
uncomfortable testing methods, and social stigma surrounding testing, these outbreaks remained
unconfirmed as COVID-19 cases. This points to a significant underestimation of the actual COVID-19
numbers, potentially by several orders of magnitude. In our study, we observed a COVID-19 incidence rate
of 7.4%, with rates of 4.6% among asymptomatic individuals and 11.3% among pregnant patients with febrile
or respiratory symptoms. These figures stand in stark contrast to the peak periods of each pandemic wave,
during which over 20-50% of patients presenting with respiratory symptoms tested positive for COVID-19 in
our institution [44]. It is plausible that prior exposures may have conferred some level of protection against
severe clinical manifestations, as indicated by the notable proportion of pregnant women with positive
antibody results. However, this hypothesis requires thorough investigation.

Our findings did not indicate a significant association between age, gestational age, parity, and antibody
seropositivity among respondents. Of particular interest is the lack of a significant correlation in
seropositivity between study participants who reported treating COVID-19 during pregnancy and those
managed for febrile illness. Nevertheless, a significant correlation was observed between urban dwellings
and COVID-19 immunoglobulin seropositivity. Moreover, working within a healthcare setting demonstrated
a significant association with COVID-19 seropositivity. Strikingly, population-based studies in Greece [45]
and Spain [46] found higher seroprevalence rates in relation to age and urban living, even though overall
COVID-19 antibody seropositivity remained low. This difference can be attributed to the elevated exposure
risk to infectious diseases within healthcare environments, as reaffirmed by this study's findings, consistent
with previous reports [47,48].

We also examined umbilical cord immunoglobulin levels among 5.3% of the 152 respondents sampled at
delivery. A notable correlation between increasing maternal antibody concentration and cord blood COVID-
19 seropositivity was observed. Interestingly, only eight respondents displayed placental transfer of
immunoglobulin antibodies, as demonstrated by umbilical cord blood testing. It is worth noting that
immunologic memory of COVID-19-specific antibodies, CD4+ T cells, CD8+ T cells, and memory B-cells,
lasts between five to eight months based on cell lineage. However, this study's design lacked seroconversion
studies, which would have necessitated repeat maternal blood sampling at delivery for those who tested
positive at baseline. Such studies would have been vital in determining seroconversion status, representing
a notable limitation in our research. Factors such as maternal conditions or infections, such as HIV infection
and placental malaria, are known to influence antibody transfer efficiency [49-51], particularly given the
malaria endemicity in many parts of Nigeria. A future approach could involve incorporating malaria rapid
diagnostic tests or microscopy to identify malaria parasites in the sampled blood. Furthermore, neither HIV
nor hepatitis B infections correlated positively with maternal or cord blood COVID-19 seropositivity,
highlighting a complex interplay of factors in this context.

Strengths and limitation of this study

Among the notable strengths of this study includes the observation that it employed a structured
questionnaire to gather comprehensive baseline data from 258 pregnant women, facilitating diverse
participant inclusion and robust assessment of demographics and clinical characteristics. Employing both
RT-PCR and serology tests enhanced disease prevalence understanding by identifying active infections and
prior exposure, presenting a holistic view of COVID-19 within the cohort. The cross-sectional study design,
complemented by logistic regression, explored factors affecting COVID-19 antibody seropositivity and
placental transfer, enhancing association identification and confounding control. Focusing on pregnant
women addresses a crucial research gap, providing insights into COVID-19's unique impact on this
vulnerable group. Including symptomatic and asymptomatic participants and cord blood analysis adds depth
to the findings, informing maternal-fetal health considerations. Leveraging real-world hospital data
enhances external validity, allowing findings to be relevant to similar healthcare settings [51].

Nonetheless, these limitations warrant consideration: The sample size might not fully represent diverse
populations. The participant composition introduces selection bias, limiting generalizability. The cross-
sectional design prevents causal inference, warranting longitudinal approaches. Self-reported data raise
recall bias possibilities. Lost follow-up participants and test inaccuracies introduce potential bias.
Uncontrolled confounding variables might influence associations. The single-center setting and lack of
follow-up visits limit broad context understanding. External factors such as public health measures and
variants were unaccounted for. In conclusion, the study's strengths provide valuable insights, yet its
limitations call for cautious interpretation and application in broader contexts and settings.

Conclusions

This study serves to gauge the prevalence of COVID-19 infection within the pregnant population attending
the Maternal and Child Health Unit of Irrua Specialist Teaching Hospital in Edo State, Nigeria. Our findings
shed light on a crucial matter: prevalence estimates appear to underreport the true proportion of pregnant

women who have previously encountered COVID-19. This incongruence is vividly exemplified by the stark

contrast between confirmed PCR infection cases and the indications of past infection from serological
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evidence. Furthermore, a significant insight emerged concerning the efficiency of placental transfer of
COVID-19 antibodies during birth, especially among those who displayed seropositivity at the study's
commencement. This study underscores that maternal antibody levels wield a substantial influence over the
effectiveness of COVID-19 antibody transfer through the placenta during pregnancy. In essence, this
investigation contributes vital evidence regarding the epidemiological burden of COVID-19 in the context of
pregnancy. By pairing these findings with economic and societal burden modeling, our study offers the
means to estimate the disease's impact over both the short and long terms. Moreover, this wealth of
information aids in the strategic allocation of resources, supports the design and implementation of
monitoring and evaluation protocols for disease control policies targeted at the pregnant population, and
ultimately facilitates effective planning for the challenges posed by COVID-19.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Irrua Specialist Teaching
Hospital (ISTH) Health Research Ethics Committee issued approval ISTH/HREC/20212303/171. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Evbayekha EO, Okorare O, Okobi EO, et al.: A year retrospective study on the morbidity and mortality
pattern of covid-19 patients in an isolation facility in Benin City, Nigeria. [JSCIA. 2021, 2:659-63.
10.51542/ijscia.v2i4.33

2. LaiCC, Liu YH, Wang CY, et al.: Asymptomatic carrier state, acute respiratory disease, and pneumonia due
to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): facts and myths. ] Microbiol Immunol
Infect. 2020, 53:404-12. 10.1016/j.jmii.2020.02.012

3. Grant MC, Geoghegan L, Arbyn M, Mohammed Z, McGuinness L, Clarke EL, Wade RG: The prevalence of
symptoms in 24,410 adults infected by the novel coronavirus (SARS-CoV-2; COVID-19): a systematic review
and meta-analysis of 148 studies from 9 countries. PLoS One. 2020, 15:10.1371/journal.pone.0234765

4. Meyer B, Drosten C, Miiller MA: Serological assays for emerging coronaviruses: challenges and pitfalls .
Virus Res. 2014, 194:175-83. 10.1016/j.virusres.2014.03.018

5.  Zhao], Yuan Q, Wang H, et al.: Antibody responses to SARS-CoV-2 in patients of novel coronavirus disease
2019. Clin Infect Dis. 2020, 71:2027-34. 10.1093/cid/ciaa344

6. Furukawa NW, Brooks JT, Sobel J: Evidence supporting transmission of severe acute respiratory syndrome
coronavirus 2 while presymptomatic or asymptomatic. Emerg Infect Dis. 2020,
26:10.3201%2Feid2607.201595

7. Bhalerao-Gandhi A, Chhabra P, Arya S, Simmerman JM: Influenza and pregnancy: a review of the literature
from India. Infect Dis Obstet Gynecol. 2015, 2015:867587. 10.1155/2015/867587

8. Okogbenin S, Okoeguale |, Akpede G, et al.: Retrospective cohort study of Lassa fever in pregnancy,
Southern Nigeria. Emerg Infect Dis. 2019, 25:1494-500. 10.3201/eid2508.181299

9. Bebell LM, Oduyebo T, Riley LE: Ebola virus disease and pregnancy: a review of the current knowledge of
Ebola virus pathogenesis, maternal, and neonatal outcomes. Birth Defects Res. 2017, 109:353-62.
10.1002/bdra.23558

10.  Vetter P, Eckerle I, Kaiser L: Covid-19: a puzzle with many missing pieces . BMJ. 2020, 368:m627.
10.1136/bmj.m627

11.  WuZ, McGoogan JM: Characteristics of and important lessons from the coronavirus disease 2019 (COVID-
19) outbreak in China: summary of a report of 72 314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020, 323:1239-42. 10.1001/jama.2020.2648

12.  Breslin N, Baptiste C, Gyamfi-Bannerman C, et al.: Coronavirus disease 2019 infection among asymptomatic
and symptomatic pregnant women: two weeks of confirmed presentations to an affiliated pair of New York
City hospitals. Am ] Obstet Gynecol MFM. 2020, 2:100118. 10.1016/j.ajogmf.2020.100118

13.  Eckerle I, Meyer B: SARS-CoV-2 seroprevalence in COVID-19 hotspots. Lancet. 2020, 396:514-5.
10.1016/50140-6736(20)31482-3

14.  Stringhini S, Wisniak A, Piumatti G, et al.: Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva,
Switzerland (SEROCoV-POP): a population-based study. Lancet. 2020, 396:313-9. 10.1016/50140-
6736(20)31304-0

15. Adams ER, Ainsworth M, Anand R, et al.: Evaluation of antibody testing for SARS-Cov-2 using ELISA and
lateral flow immunoassays [PREPRINT]. medRxiv. 2020, 2:1-24. 10.1101/2020.04.15.20066407

16. "Immunity passports” in the context of COVID-19 . (2020). Accessed: November 30, 2023:
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19.

17.  AbbasiJ: The promise and peril of antibody testing for COVID-19 . JAMA. 2020, 323:1881-3.
10.1001/jama.2020.6170

18. Sethuraman N, Jeremiah SS, Ryo A: Interpreting diagnostic tests for SARS-CoV-2. JAMA. 2020, 323:2249-51.
10.1001/jama.2020.8259

19. Robbiani DF, Gaebler C, Muecksch F, et al.: Convergent antibody responses to SARS-CoV-2 infection in
convalescent individuals. Nature. 2020, 584:437-2.

2023 Okoeguale et al. Cureus 15(11): e49730. DOI 10.7759/cureus.49730 110f 13


https://dx.doi.org/10.51542/ijscia.v2i4.33
https://dx.doi.org/10.51542/ijscia.v2i4.33
https://dx.doi.org/10.1016/j.jmii.2020.02.012
https://dx.doi.org/10.1016/j.jmii.2020.02.012
https://dx.doi.org/10.1371/journal.pone.0234765
https://dx.doi.org/10.1371/journal.pone.0234765
https://dx.doi.org/10.1016/j.virusres.2014.03.018
https://dx.doi.org/10.1016/j.virusres.2014.03.018
https://dx.doi.org/10.1093/cid/ciaa344
https://dx.doi.org/10.1093/cid/ciaa344
https://dx.doi.org/10.3201%2Feid2607.201595
https://dx.doi.org/10.3201%2Feid2607.201595
https://dx.doi.org/10.1155/2015/867587
https://dx.doi.org/10.1155/2015/867587
https://dx.doi.org/10.3201/eid2508.181299
https://dx.doi.org/10.3201/eid2508.181299
https://dx.doi.org/10.1002/bdra.23558
https://dx.doi.org/10.1002/bdra.23558
https://dx.doi.org/10.1136/bmj.m627
https://dx.doi.org/10.1136/bmj.m627
https://dx.doi.org/10.1001/jama.2020.2648
https://dx.doi.org/10.1001/jama.2020.2648
https://dx.doi.org/10.1016/j.ajogmf.2020.100118
https://dx.doi.org/10.1016/j.ajogmf.2020.100118
https://dx.doi.org/10.1016/S0140-6736(20)31482-3
https://dx.doi.org/10.1016/S0140-6736(20)31482-3
https://dx.doi.org/10.1016/S0140-6736(20)31304-0
https://dx.doi.org/10.1016/S0140-6736(20)31304-0
https://dx.doi.org/10.1101/2020.04.15.20066407
https://dx.doi.org/10.1101/2020.04.15.20066407
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19
https://dx.doi.org/10.1001/jama.2020.6170
https://dx.doi.org/10.1001/jama.2020.6170
https://dx.doi.org/10.1001/jama.2020.8259
https://dx.doi.org/10.1001/jama.2020.8259
https://www.nature.com/articles/s41586-020-2456-9

Cureus

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Isho B, Abe KT, Zuo M, et al.: Persistence of serum and saliva antibody responses to SARS-CoV-2 spike
antigens in COVID-19 patients. Sci Immunol. 2020, 5:10.1126/sciimmunol.abe5511

Fox NS, Melka S: COVID-19 in pregnant women: case series from one large New York City obstetrical
practice. Am ] Perinatol. 2020, 37:1002-4. 10.1055/5-0040-1712529

City provides update on COVID-19 for Wednesday, June 3, 2020 . (2020). Accessed: April 23, 2023:
http://www.phila.gov/2020-06-03-city-provides-update-on-covid-19-for-wednesday-june-3-2020/
El-Ghitany EM, Hashish MH, Farghaly AG, Omran EA, Osman NA, Fekry MM: Asymptomatic versus
symptomatic SARS-CoV-2 infection: a cross-sectional seroprevalence study. Trop Med Health. 2022, 50:98.
Zeng F, Dai C, Cai P, et al.: A comparison study of SARS-CoV-2 IgG antibody between male and female
COVID-19 patients: a possible reason underlying different outcome between sex. ] Med Virol. 2020, 92:2050-
4.10.1002/jmv.25989

NCDC and NIMR release findings of COVID-19 household seroprevalence surveys in four states of Nigeria .
(2021). Accessed: November 30, 2023: https://ncdc.gov.ng/news/323/ncdc-and-nimr-release-findings-of-
covid-19-household-seroprevalence-surveys-in-four-stat....

Zullo F, Di Mascio D, Saccone G: Coronavirus disease 2019 antibody testing in pregnancy . Am J Obstet
Gynecol. 2020, 2:100142. 10.1016%2Fj.ajogmf.2020.100142

Yang HS, Racine-Brzostek SE, Lee WT, et al.: SARS-CoV-2 antibody characterization in emergency
department, hospitalized and convalescent patients by two semi-quantitative immunoassays. Clin Chim
Acta. 2020, 509:117-25. 10.1016/j.cca.2020.06.004

Long QX, Liu BZ, Deng HJ, et al.: Antibody responses to SARS-CoV-2 in patients with COVID-19. Nat Med.
2020, 26:845-8. 10.1038/s41591-020-0897-1

Zhang B, Zhou X, Zhu C, et al.: Immune phenotyping based on the neutrophil-to-lymphocyte ratio and IgG
level predicts disease severity and outcome for patients with COVID-19. Front Mol Biosci. 2020, 7:157.
10.3389/fmolb.2020.00157

Long QX, Tang XJ, Shi QL, et al.: Clinical and immunological assessment of asymptomatic SARS-CoV-2
infections. Nat Med. 2020, 26:1200-4. 10.1038/s41591-020-0965-6

Winter AK, Hegde ST: The important role of serology for COVID-19 control . Lancet Infect Dis. 2020,
20:758-9. 10.1016/S1473-3099(20)30322-4

Pettirosso E, Giles M, Cole S, Rees M: COVID-19 and pregnancy: a review of clinical characteristics, obstetric
outcomes and vertical transmission. Aust N Z ] Obstet Gynaecol. 2020, 60:640-59. 10.1111/ajo.13204
Vivanti AJ, Vauloup-Fellous C, Prevot S, et al.: Transplacental transmission of SARS-CoV-2 infection. Nat
Commun. 2020, 11:3572. 10.1038/s41467-020-17436-6

Alzamora MC, Paredes T, Caceres D, Webb CM, Valdez LM, La Rosa M: Severe COVID-19 during pregnancy
and possible vertical transmission. Am ] Perinatol. 2020, 37:861-5. 10.1055/s5-0040-1710050

Zeng H, Xu C, Fan ], Tang Y, Deng Q, Zhang W, Long X: Antibodies in infants born to mothers with COVID-
19 pneumonia. JAMA. 2020, 323:1848-9. 10.1001/jama.2020.4861

Toner LE, Gelber SE, Pena JA, Fox NS, Rebarber A: A case report to assess passive immunity in a COVID
positive pregnant patient. Am ] Perinatol. 2020, 37:1280-2. 10.1055/s-0040-1715643

Floriano I, Silvinato A, Bernardo WM, Reis JC, Soledade G: Accuracy of polymerase chain reaction (PCR) test
in the diagnosis of acute respiratory syndrome due to coronavirus: a systematic review and meta-analysis.
Rev Assoc Med Bras (1992). 2020, 66:880-8. 10.1590/1806-9282.66.7.880

U.S. Food and Drug Administration. COVID-19 test basics. (2020). Accessed: November 25, 2020:
https://www.fda.gov/consumers/consumer-updates/covid-19-test-basics.

Jin YH, Cai L, Cheng ZS, et al.: A rapid advice guideline for the diagnosis and treatment of 2019 novel
coronavirus (2019-nCoV) infected pneumonia (standard version). Mil Med Res. 2020, 7:4. 10.1186/s40779-
020-0233-6

Zou L, Ruan F, Huang M, et al.: SARS-CoV-2 viral load in upper respiratory specimens of infected patients .
N Engl ] Med. 2020, 382:1177-9. 10.1056/NEJMc2001737

Hajissa K, Islam MA, Hassan SA, Zaidah AR, Ismail N, Mohamed Z: Seroprevalence of SARS-CoV-2
antibodies in Africa: a systematic review and meta-analysis. Int ] Environ Res Public Health. 2022, 19:7257.
10.3390/ijerph19127257

Price R, Cho J, Nelson S: SARS-CoV-2 Seroprevalence at an Urban Hospital in Haiti . Cureus. 2022,
14:e27690. 10.7759/cureus.27690

Byambasuren O, Dobler CC, Bell K, Rojas DP, Clark ], McLaws ML, Glasziou P: Comparison of seroprevalence
of SARS-CoV-2 infections with cumulative and imputed COVID-19 cases: systematic review. PLoS One.
2021, 16:e0248946. 10.1371/journal.pone.0248946

Asogun DA, Adomeh DI, Ehimuan J, et al.: Molecular diagnostics for lassa fever at Irrua specialist teaching
hospital, Nigeria: lessons learnt from two years of laboratory operation. PLoS Negl Trop Dis. 2012, 6:e1839.
10.1371/journal.pntd.0001839

Bogogiannidou Z, Vontas A, Dadouli K, et al.: Repeated leftover serosurvey of SARS-CoV-2 IgG antibodies,
Greece, March and April 2020. Euro Surveill. 2020, 25:10.2807/1560-7917.ES.2020.25.31.2001369

Pollan M, Pérez-Gomez B, Pastor-Barriuso R, et al.: Prevalence of SARS-CoV-2 in Spain (ENE-COVID): a
nationwide, population-based seroepidemiological study. Lancet. 2020, 396:535-44. 10.1016/S0140-
6736(20)31483-5

Goenka M, Afzalpurkar S, Goenka U, et al.: Seroprevalence of COVID-19 amongst health care workers in a
tertiary care hospital of a metropolitan city from India. ] Assoc Physicians India. 2020, 68:14-9.

Miiller SA, Wood RR, Hanefeld J, El-Bcheraoui C: Seroprevalence and risk factors of COVID-19 in healthcare
workers from 11 African countries: a scoping review and appraisal of existing evidence. Health Policy Plan.
2022, 37:505-13. 10.1093/heapol/czab133

Cumberland P, Shulman CE, Maple PA, et al.: Maternal HIV infection and placental malaria reduce
transplacental antibody transfer and tetanus antibody levels in newborns in Kenya. J Infect Dis. 2007,
196:550-7. 10.1086/519845

de Moraes-Pinto MI, Verhoeff F, Chimsuku L, et al.: Placental antibody transfer: influence of maternal HIV
infection and placental malaria. Arch Dis Child Fetal Neonatal Ed. 1998, 79:F202-5. 10.1136/fn.79.3.£202

2023 Okoeguale et al. Cureus 15(11): e49730. DOI 10.7759/cureus.49730

12 0f 13


https://dx.doi.org/10.1126/sciimmunol.abe5511
https://dx.doi.org/10.1126/sciimmunol.abe5511
https://dx.doi.org/10.1055/s-0040-1712529
https://dx.doi.org/10.1055/s-0040-1712529
http://www.phila.gov/2020-06-03-city-provides-update-on-covid-19-for-wednesday-june-3-2020/
http://www.phila.gov/2020-06-03-city-provides-update-on-covid-19-for-wednesday-june-3-2020/
https://tropmedhealth.biomedcentral.com/articles/10.1186/s41182-022-00490-9
https://dx.doi.org/10.1002/jmv.25989
https://dx.doi.org/10.1002/jmv.25989
https://ncdc.gov.ng/news/323/ncdc-and-nimr-release-findings-of-covid-19-household-seroprevalence-surveys-in-four-states-of-nigeria
https://ncdc.gov.ng/news/323/ncdc-and-nimr-release-findings-of-covid-19-household-seroprevalence-surveys-in-four-states-of-nigeria
https://dx.doi.org/10.1016%2Fj.ajogmf.2020.100142
https://dx.doi.org/10.1016%2Fj.ajogmf.2020.100142
https://dx.doi.org/10.1016/j.cca.2020.06.004
https://dx.doi.org/10.1016/j.cca.2020.06.004
https://dx.doi.org/10.1038/s41591-020-0897-1
https://dx.doi.org/10.1038/s41591-020-0897-1
https://dx.doi.org/10.3389/fmolb.2020.00157
https://dx.doi.org/10.3389/fmolb.2020.00157
https://dx.doi.org/10.1038/s41591-020-0965-6
https://dx.doi.org/10.1038/s41591-020-0965-6
https://dx.doi.org/10.1016/S1473-3099(20)30322-4
https://dx.doi.org/10.1016/S1473-3099(20)30322-4
https://dx.doi.org/10.1111/ajo.13204
https://dx.doi.org/10.1111/ajo.13204
https://dx.doi.org/10.1038/s41467-020-17436-6
https://dx.doi.org/10.1038/s41467-020-17436-6
https://dx.doi.org/10.1055/s-0040-1710050
https://dx.doi.org/10.1055/s-0040-1710050
https://dx.doi.org/10.1001/jama.2020.4861
https://dx.doi.org/10.1001/jama.2020.4861
https://dx.doi.org/10.1055/s-0040-1715643
https://dx.doi.org/10.1055/s-0040-1715643
https://dx.doi.org/10.1590/1806-9282.66.7.880
https://dx.doi.org/10.1590/1806-9282.66.7.880
https://www.fda.gov/consumers/consumer-updates/covid-19-test-basics
https://www.fda.gov/consumers/consumer-updates/covid-19-test-basics
https://dx.doi.org/10.1186/s40779-020-0233-6
https://dx.doi.org/10.1186/s40779-020-0233-6
https://dx.doi.org/10.1056/NEJMc2001737
https://dx.doi.org/10.1056/NEJMc2001737
https://dx.doi.org/10.3390/ijerph19127257
https://dx.doi.org/10.3390/ijerph19127257
https://dx.doi.org/10.7759/cureus.27690
https://dx.doi.org/10.7759/cureus.27690
https://dx.doi.org/10.1371/journal.pone.0248946
https://dx.doi.org/10.1371/journal.pone.0248946
https://dx.doi.org/10.1371/journal.pntd.0001839
https://dx.doi.org/10.1371/journal.pntd.0001839
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.31.2001369
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.31.2001369
https://dx.doi.org/10.1016/S0140-6736(20)31483-5
https://dx.doi.org/10.1016/S0140-6736(20)31483-5
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3689618
https://dx.doi.org/10.1093/heapol/czab133
https://dx.doi.org/10.1093/heapol/czab133
https://dx.doi.org/10.1086/519845
https://dx.doi.org/10.1086/519845
https://dx.doi.org/10.1136/fn.79.3.f202
https://dx.doi.org/10.1136/fn.79.3.f202

Cureus

51.  Ogolla S, Daud II, Asito AS, et al.: Reduced transplacental transfer of a subset of Epstein-Barr virus-specific
antibodies to neonates of mothers infected with Plasmodium falciparum malaria during pregnancy. Clin
Vaccine Immunol. 2015, 22:1197-205. 10.1128/CVI1.00270-15

2023 Okoeguale et al. Cureus 15(11): e49730. DOI 10.7759/cureus.49730 13 0f 13


https://dx.doi.org/10.1128/CVI.00270-15
https://dx.doi.org/10.1128/CVI.00270-15

	Maternal Seroprevalence and Placental Transfer of COVID-19 Antibodies in Pregnancy: A Hospital-Based Study
	Abstract
	Introduction
	Materials And Methods
	Study area, study population and design, and sampling technique
	Selection criteria (inclusion and exclusion criteria)
	Outcome measures
	Recruitment at baseline
	Determination of the sample size, sampling frame, and proportionate random sampling per unit
	Systematic sampling for recruitment of study participants
	Study visits
	Sample collection, processing, and storage
	COVID-19 testing procedures
	Data analysis

	Results
	Study participants and characteristics
	TABLE 1: Baseline characteristics of pregnant women

	COVID-19 positivity rate among study participants (n=258)
	FIGURE 1: COVID-19 rates among the study participants
	TABLE 2: Result of asymptomatic respondents
	TABLE 3: Study participants who presented with coronavirus-related symptoms
	TABLE 4: Common presenting clinical symptoms among the study participants

	Seroprevalence of COVID-19 among the study participants
	TABLE 5: Prevalence of COVID-19 antibodies

	Prevalence of COVID-19 antibodies in cord blood
	TABLE 6: Prevalence of COVID-19 antibodies in cord blood

	Transplacental transfer
	TABLE 7: Factors associated with COVID-19 immunoglobulin seropositivity

	Analysis of the effect of different factors on the placenta transfer of COVID-19 antibodies (cord blood seropositivity)
	TABLE 8: Factor associated with cord blood antibody positivity among the study participants


	Discussion
	COVID-19 seroprevalence among pregnant women
	Understanding COVID-19 incidence and seroprevalence
	Strengths and limitation of this study

	Conclusions
	Additional Information
	Disclosures

	References


