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Abstract 

Background SARS-CoV-2 infection during pregnancy is known to be associated with poor pregnancy outcomes, 
including pre-eclampsia (PE), prematurity, perinatal and maternal mortality. Data on the burden of SARS-CoV-2 infec-
tion among pregnant women and their offspring in Sub-Saharan Africa is limited. We aimed to estimate SARS-CoV-2 
seroprevalence and determine PE biomarkers in Mozambican pregnant women with perinatal loss.

Methods A cross-sectional study was conducted among women who had a fetal or an early neonatal death 
at the Maputo Central Hospital (MCH), Mozambique. Anti-SARS-CoV-2 IgG/IgM were determined in maternal 
and umbilical cord blood and PE biomarkers (sFlt-1 and PIGF) in maternal blood. SARS-CoV-2 RT-PCR was performed 
in placenta and fetal lung biopsies from participants found to be SARS-CoV-2 seropositive.

Results A total of 100 COVID-19 unvaccinated women were included in the study from March 2021 to April 2022. 
Total SARS-CoV-2 antibodies were detected in 68 [68%; 95CI (58 – 76)] maternal and 55 [55%; 95CI (54 – 74)] cord 
blood samples. SARS-CoV-2 IgM was detected in 18 cord blood samples and a positive placental RT-PCR in three 
of these participants. The proportion of women with moderate to high sFlt-1/PIGF ratio was higher in SARS-CoV-2 
seropositive women than in those seronegative (71.2% vs 28.8%, p = 0.339), although the difference was not statisti-
cally significant.

Conclusions SARS-CoV-2 seroprevalence among Mozambican women with perinatal loss was high during the sec-
ond pandemic year, and there was evidence of vertical transmission in stillbirths. Findings also suggest that maternal 
SARS-CoV-2 infection may increase the risk of developing PE.
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Background
The Coronavirus 2019 (COVID-19) pandemic nega-
tively affected maternal and neonatal health globally, 
largely due to the disruption of prenatal follow-up of 
pregnancies, limited services and diagnostics– espe-
cially in countries with fragile health systems [1, 2]. 
SARS-CoV-2 infection in pregnancy is associated with 
adverse outcomes such as pre-eclampsia (PE), pre-
term birth and perinatal and maternal mortality [3, 4]. 
Despite evidence of increased morbidity and mortality, 
data on the burden of SARS-CoV-2 infection among 
pregnant women and their offspring in Sub-Saharan 
Africa (SSA) remain limited.

Maternal SARS-CoV-2 infection and pregnancy com-
plications such as PE have overlapping clinical features 
(hypertension, proteinuria, endothelial and multi-organ 
complications), which may have led to misdiagnosis 
and mismanagement of patients during the pandemic 
[3]. PE is one of the leading causes of maternal and per-
inatal mortality in SSA [5]. Although the cause remains 
uncertain, it is suggested that abnormal placentation 
and excessive production of anti-angiogenic factors 
such as the soluble fms-like tyrosine kinase 1 (sFlt-1) 
play a key role in the development and progression of 
PE [3, 6]. A PE-like syndrome in pregnant women with 
SARS-CoV-2 can be differentiated using PE biomarkers 
and SARS-CoV-2 diagnostic tests [3, 6, 7]. A high ratio 
of sFlt-1 to placental growth factor (PIGF) is predictive 
of PE and/or fetal growth restriction (FGR) [3, 6], and 
can be used in distinguishing SARS-CoV-2 cases and 
guiding clinical intervention [1, 3].

Like many African countries, Mozambique has 
experienced four waves of the COVID-19 pandemic 
and reported 233,842 confirmed COVID-19 cases as 
of August 11, 2024 [8]. However, the extent of SARS-
CoV-2 exposure in pregnant women and their babies 
during the subsequent waves of the pandemic is poorly 
known. Pregnant women have been an effective senti-
nel population for serological surveillance in assessing 
the burden of several infectious diseases in the general 
population [9, 10]. Serological analysis of infectious 
diseases serves to strengthen case surveillance and 
generate information on disease circulation and immu-
nity [10, 11]. Therefore, the detection and monitoring 
of anti-SARS-CoV-2 immunoglobulins (Ig) in high-risk 
populations is of paramount importance. In this study, 
we estimated the seroprevalence of SARS-CoV-2 in 
Mozambican pregnant women with perinatal loss and 
their offspring, during the second year of the COVID-
19 pandemic.

Methods
Study design and population
This cross-sectional study aimed to determine the 
prevalence of SARS-CoV-2 antibodies (total Ig, IgM 
and IgG) in maternal and cord blood of women who 
experienced perinatal deaths and their offspring; and to 
assess the prevalence of clinical PE and angiogenic bio-
markers (sFlt-1, PIGF) and its association with mater-
nal SARS-CoV-2 serostatus. In addition, we analyzed 
post-mortem biopsies of fetal tissue of participants 
with SARS-CoV-2 positivity and ascertained the causes 
of death. The study included pregnant women who had 
a fetal or an early neonatal death at the Maputo Cen-
tral Hospital (MCH). MCH is a 1500-bed government-
funded quaternary hospital located in Maputo city, and 
has a yearly record of approximately 8000 births and 
400–500 perinatal deaths. This study was conducted 
before the roll-out of COVID-19 vaccine for pregnant 
women in the country.

Study procedures
All pregnant women who had experienced a fetal or early 
neonatal death (defined as newborn dying within the first 
12 h of life in the study) at the MCH were invited to par-
ticipate in the study. All study procedures were explained 
and if in agreement, participants signed informed con-
sent forms. Demographic, clinical, and obstetric informa-
tion were recorded accordingly. Peripheral venous blood 
was then collected from the mother and umbilical cord 
blood from their offspring for serological analysis (SARS-
CoV-2 antibodies and PE biomarkers). Fetal tissues and 
placental biopsies were collected by minimally invasive 
tissue sampling (MITS) technique from all participants, 
to further analyze the causes of death [12].

Laboratory methods
The Atellica® IM SARS-CoV-2 Total chemiluminescent 
immunoassay analyzer (COV2T, Siemens Healthcare 
Diagnostics Inc.) was used for semi-qualitative deter-
mination of total SARS-CoV-2 Ig to the spike protein of 
SARS-CoV-2, with a reported specificity of 99.8% and 
sensitivity of 100% [13]. A total SARS-CoV-2 antibody 
titer level of < 1 U/mL was considered non-reactive (neg-
ative). In all reactive (positive) samples, anti SARS-CoV2 
IgG and IgM were also determined using the Siemens 
Atellica® IM SARS-CoV-2 IgG (sCOVG, Siemens Health-
care Diagnostics Inc.) and the quantitative Suspen-
sion Array Technology (qSAT) assays based on xMAP 
Luminex platform, respectively. sCOVG was used for the 
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qualitative and quantitative detection of IgG antibodies 
The manufacturer reported a specificity of 99.9% and sen-
sitivities of 96.41% at least 21 days post-PCR testing [14]. 
qSAT assays have been reported to have a specificity of 
100% and sensitivity of 95.78% or 95.65% (≥ 14—21 days 
since symptom onset) [15]. In women with positive total 
Ig, the levels of IgM and IgG of 0.99 U/mL  and below 
were considered negative.

Before fixation, samples from the  maternal side, fetal 
side, umbilical cord and membranes of the placenta were 
collected for microbiological analysis. The placenta was 
then examined according to the Amsterdam placental 
workshop consensus [16]. After undergoing fixation in 
formalin for 24 h, the three full-thickness samples from 
the central two-thirds of the placental disk, umbilical 
cord, amniotic membranes and of any grossly visible 
lesions were collected for histological analysis. All post-
mortem tissue specimens obtained by MITS underwent 
microbiological and histological analyses by microbiolo-
gists and pathologists at the Barcelona Hospital Clinic 
laboratory (Spain), using routine histopathology, immu-
nohistochemistry and microbiology methods described 
elsewhere [17]. Additionally, confirmatory SARS-CoV-2 
RT-PCR tests were performed on fetal lung and placen-
tal (fetal side) tissue of participants and offsprings with 
positive SARS-CoV-2 antibodies (total Ig and IgM) as per 
the World Health Organization (WHO) guidelines [18]. 
rRT-PCR was performed using LightMix ModularDx 
Kit SARS-CoV (COVID19) E-gene (Tib Molbiol, Roche 
Diagnostics) with Roche LightCycler® 480 II according to 
manufacturer’s instructions.

Maternal serum levels of PE biomarkers (sFlt-1 and 
PIGF) were measured in serum with Elecsys® Immu-
noassays using the Cobas 6000 analyzer system (Roche 
Diagnostics, Penzberg, Germany). The intra- and inter-
assay coefficients of variation for both biomarkers were 
lower than 4 and 8%, respectively.

Determination of the cause of death
The fetal cause of death was established by a panel of spe-
cialists comprising pathologists, obstetricians, and pedia-
tricians (with expertise in neonatology) that reviewed 
all clinical and laboratory information of study par-
ticipants. Using the WHO application of International 
Classification of diseases- 10 (ICD-10) to deaths during 
the perinatal period (ICD-PM), immediate and underly-
ing causes in the causal chain of events leading to death 
were assigned. Maternal conditions were included in the 
sequence of events that led to fetal or neonatal death 
[17]. In stillbirths, the causes of death were classified 
as: (1) congenital malformations, (2) congenital infec-
tion, (3) intrauterine hypoxia, (4) disorders related with 

pregnancy and fetal development. For neonates, the 
causes of death were classified into: (1) perinatal asphyxia 
or hypoxia 2) infectious diseases, (2) intrapartum compli-
cations, (3) preterm complications, (4) congenital malfor-
mations, (5) other conditions.

Statistical analysis and definitions
SARS-CoV-2 seropositivity was defined as the yielding a 
positive result in any antibody tests against SARS-CoV-2 
(total Ig, IgG and/or IgM). Fetal SARS-CoV-2 infec-
tion was classified as confirmed, possible, unlikely, or 
not infected using the Shah’s Classification System for 
Maternal–Fetal-Neonatal SARS-CoV-2 Infections [19]. 
For cases of congenital infection in fetal death defining 
a ‘confirmed’ case requires the detection of SARS-CoV-2 
by PCR (positive PCR) from either fetal or placental tis-
sue [19]. The sFtl-1/PIGF ratio cut-offs were catego-
rized as normal/low risk (< 38) and moderate to high 
risk (≥ 38) [6]. Gestational hypertension was defined as 
systolic blood pressure ≥ 140  mm Hg or diastolic blood 
pressure of ≥ 90 mm Hg or more, or both, on two occa-
sions at least 4 h apart after 20 weeks of gestation [20]. 
Clinical PE was defined as new onset hypertension (sys-
tolic blood pressure ≥ 140  mmHg and/or diastolic pres-
sure ≥ 90  mmHg) with new onset proteinuria and/or 
evidence of multi-organ dysfunction; and eclampsia as 
generalized seizures together with PE criteria [20].

Participant´s demographic, clinical and obstetric vari-
ables included age, area of residence (Maputo city and 
outside Maputo city), history of gestational hyperten-
sion during current pregnancy, infectious diseases (HIV, 
tuberculosis, syphilis) and antenatal care history. Gravid-
ity was categorized as primigravida (first pregnancy) and 
multigravida (≥ 2 pregnancies). Regarding the offspring, 
the gestational age at birth was reported as completed 
weeks and grouped into < 28 weeks (extremely preterm); 
28–31 weeks (very preterm); 32–36 weeks (moderate to 
late preterm); and ≥ 37 weeks (term); type of death (fetal 
and neonatal) and birth weight were included. Birth 
weight was categorized as extremely low (< 1000 g), very 
low (1000  g – 1499  g), low (1500  g – 2499  g) and nor-
mal birth weight (≥ 2500  g). Unless specified otherwise, 
the term offspring is used to refer to both fetuses and 
neonates.

Quantitative variables were expressed as mean ± stand-
ard deviation (SD) for data that follows the normal distri-
bution and other cases were described using the median 
and interquartile range (IQR). Categorical variables were 
expressed as frequencies and percentages. Seropreva-
lence was reported as a ratio of seropositive participants 
to the total number of study participants or samples 
tested, with a 95% confidence interval (95CI). The Chi-
square and Fisher´s exact test were used to compare the 
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prevalence of clinical and biomarkers of PE between 
pregnant women according to their SARS-CoV-2 serosta-
tus. For non-parametric data, Wilcoxon rank sum test 
were used. Odds ratios were calculated to assess the 
strength of associations. All statistical analyses were 
performed using Stata v 16.0 software, with a two-sided 
p-value of < 0.05 considered statistically significant.

Results
Between March 2021 and April 2022, a total of 102 eligi-
ble women were invited to participate in the study; two of 
them declined consent and 100 women were enrolled in 
the study. The study flow chart is shown in Fig. 1. A total 
of 100 maternal and 85 cord blood samples were analyzed 
for SARS-CoV-2 total Ig and RT-PCR was performed on 
fetal-side placental and fetal lung tissues of participants 
who tested positive for total Ig and IgM.

Table  1 presents baseline characteristics of partici-
pants; the mean maternal age was 29  years (SD ± 6.74), 
16% were HIV-infected, 40% had a history of hyperten-
sion, 58 had PE and nine had eclampsia. Among their 
offspring, 98 were stillbirths and two were early neonatal 
deaths.

The prevalence of SARS-CoV-2 antibodies in mater-
nal and cord blood is presented in Table 2. SARS-CoV-2 
total Ig was detected in 68 out of 100 maternal blood 
samples [68%; 95% CI: 57.9–77] and in 55 out of 85 
cord blood samples analysed [64.7%; 95% CI: 53.6–74.8] 
(with 15 cord blood samples having insufficient volume 

for testing). For specific Ig isotypes, 60 out of 66 mater-
nal samples were positive for IgM [90.9%; 95% CI: 81.2–
96.6], and 53 out of 66 samples were positive for IgG 
[90.9%; 95% CI: (81.2–96.6)]. Notably, 49 of these samples 
[49/66; 74.2%; 95%CI: (62 – 84.2)] had both IgM and IgG 
antibodies. Among the 55 SARS-CoV-2 seropositive cord 
blood samples, IgM was detected in 18 out of 35 samples 
[51.4%; 95% CI: (34 – 68.6)], and IgG was detected in 19 
out of 27 samples [70.4%; 95% CI: (49.8 – 86.2)]. Eleven 
cord blood samples [52.3%; 95%CI: (29.8 – 74.9)] tested 
positive for both IgM and IgG, while the remaining sam-
ples had insufficient volume for comprehensive anti-
SARS-CoV IgM and/or IgG analyses.

Among the 68 placental biopsies tested, 3 (4.4%) were 
positive for SARS-CoV-2 by RT-PCR, while all 55 fetal 
lung biopsies were negative (see Supplementary Material, 
Table S1). These three positive biopsies corresponded to 
three out of the 18 stillborn fetuses with positive IgM in 
cord blood. The immediate cause of death of these three 
cases was intrauterine hypoxia in two and pneumonia in 
the third. Overall, for the 100 offspring included in the 
study, the most common causes of death were intrauter-
ine hypoxia (68%) and pneumonia (24%) (Table 3).

Table  4 shows the prevalence of clinical PE and 
sFlt-1/PIGF ratio in pregnant women by SARS-CoV-2 
serostatus. Although the difference was not statisti-
cally significant, the proportion of women with clini-
cal PE was higher in women who were SARS-CoV-2 
seropositive (49/68; 72.1%) than in those who were 

Fig. 1 Study profile
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seronegative (17/32; 27.9%). Angiogenic biomarkers 
showed a similar pattern with a higher proportion of 
SARS-CoV-2 seropositive women having a moderately 
to significantly elevated sFlt-1/PIGF ratio (≥ 38) than 
those who were seronegative [71.2% (47/68) versus 
28.8% (19/32), p = 0.339].

Discussion
To our knowledge, this is the first study to report SARS-
CoV-2 vertical transmission in stillbirths in the African 
region. We observed a high seroprevalence of SARS-
CoV-2 among unvaccinated Mozambican pregnant 
women with perinatal loss during the second year of the 

Table 1 Demographic and clinical characteristics of study participants

a Only one twin was included in the study

Values are number n (%) unless indicated otherwise

Women N = 100
Age, mean (SD) 29.29 (6.74)

Gestational age, mean (SD) 34.20 (0.392)

Area of residence

 Maputo city 64 (64.0)

 Outside Maputo city 36 (36.0)

Gravidity

 Primigravida 22 (22.2)

 Multigravida 62 (77.8)

Pregnancy type

 Singleton 99 (99.0)

  Multiplea 1 (1.0)

Hemoglobin (g/dL), mean(SD) [n] 11.4 (0.28) [49]

History of severe anemia (< 7 g/dL) 4 (4.0)

HIV infection 16 (16.0)

Tuberculosis 1 (1.0)

Syphilis 1 (1.0)

History of gestational hypertension during current pregnancy 40 (40.0)

Systolic arterial blood pressure at admission(mmHg), mean (SD) [n] 146.8 (31.17) [100]

Diastolic arterial blood pressure at admission (mmHg), mean (SD) [n] 97.8 (20.30) [100]

Preeclampsia 58 (58.0)

Eclampsia 9 (9.0)

Mode of delivery

 Vaginal 89 (89.0)

 Caesarean section 11 (11.0)

Preterm delivery 72 (72.0)

Offspring, N N = 100
Male 67 (67.0)

Gestagional age at birth, weeks

 Extremely preterm (< 28) 3 (3.0)

 Very preterm (28–31) 27 (27.0)

 Moderate to late preterm (32–36) 42 (42.0)

 Term (≥ 37) 28 (28.0)

Birth weight (grams), mean(SD) [n] 1887.59 (940.1) [100]

 Extremely low birth weight (< 1000) 11 (11.0)

 Very low birth weight (1000—1499) 28 (28.0)

 Low birth weight (1500—2499) 27 (27.0)

 Normal birth weight ≥ 2500 34 (34.0)

Type of death

 Fetal 98 (98)

 Neonatal 2 (2)
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COVID-19 pandemic. The study findings also support 
the evidence of increased sFlt-1/PIGF ratio in SARS-
CoV-2 seropositive pregnant women.

SARS-CoV-2 seroprevalence among the study women 
was 68%, much higher than the rates reported during 
the first year of the pandemic in pregnant women of the 
same province which ranged from 9.2% to 11.3% [21, 22]. 
Similar increasing trends in SARS-CoV-2 seroprevalence 
were reported in neighboring countries during subse-
quent COVID-19 epidemic waves [23–25]. During the 
second year of the pandemic, seroprevalence estimates 
among pregnant women in South Africa was 64%, and 
82.1% in unvaccinated pregnant women in Kenya [24, 
25]. In Malawi, a multicenter study found a prevalence 

of COVID-19 infection of 60%, 70%, and 53% among 
expectant mothers during the second, third, and fourth 
waves, respectively [23]. This is also consistent with the 
high seropositivity rate (72.7%) reported among Indian 
pregnant women during the same period [26].

The study findings show the presence of SARS-CoV-2 
IgM antibodies in the cord blood of 18 stillborn fetuses 
with confirmed SARS-CoV-2 infection of the fetal side 
placenta tissue in three of these cases. Given that mater-
nal IgM antibodies do not cross the placental barrier, 
these findings suggest in utero transmission [18]. It could 
be hypothesized that placental exosomes may have trig-
gered an adaptive immune response to SARS-CoV-2 
in the fetuses [27]. However, maternal SARS-CoV-2 

Table 2 Seroprevalence of anti SARS-CoV-2 immunoglobulins in maternal and cord blood samples

95CI 95% Confidence Interval
a Two maternal blood samples out of the 68 that tested total Ig positive had insufficient volume for anlysing the IgM and IgG serotypes
b Total Ig were analyzed in 85 available cord blood samples; the IgM and IgG were analyzed in remaining 35 and 27 samples, respectively, out of the 55 with positive Ig 
total ¡

Maternal blooda Cord bloodb

Positive Positive

n N % (95CI) n N % (95CI)

Total Ig 68 100 68 (57.9—77) 55 85 64.7 (53.6 – 74.8)

By Isotopes
 IgM 60 66 90.9 (81.2–96.6) 18 35 51.4 (34 – 68.6)

 IgG 53 66 80.3 (68.7 – 89.1) 19 27 70.4 (49.8 – 86.2)

Table 3 Identified causes of perinatal death in study participants by MITS

a One congenital malformation of limbs, one gastrochisis as main fetal cause of death and one congenital CNS malformation as contributing condition to cause of 
death
b 22 pneumonia cases had maternal chorioamnionitis and evidence of inflammation in fetal lung tissue and two cases fetal lung inflammation only; in nine 
pneumonia cases, the following pathogens were isolated: Mycoplasma (one case), Streptococcus agalactiae (seven cases) and Staphylococcus aureus (one case)
c Four fetal meconium aspirations and one macrosomia
d Cord compression

Immediate cause n [% (95 CI)] Comorbid or 
antecedent cause n 
(% [95CI])

Perinatal deaths, N = 100
Stillbirths (n = 98)
 Congenital birth  defectsa 2 (2% [0.5 – 7.8]) 1 (5.2% [0.6 – 32.5])

 Congenital Infection 25 (25% [17.4 – 34.5]) 8 (42.1% [21.5 – 65.9])

 Pneumoniab 24 (24% [16.6 – 33.4]) 4 (21.1% [7.5 – 46.5])

 Cytomegalovirus 1 (1% [0.1 – 6.9]) 4 (21.1% [7.5 – 46.5])

 Disorders related to length of gestation and fetal  growthc 5 (5% [2.1 – 11.6]) 0

Umbilical cord  complicationsd 0 (0) 2 (10.5% [2.3 – 36.1])

 Intrauterine hypoxia 66 (66% [56.1 – 74.7]) 3 (15.8% [4.7 – 41.3])

Early neonatal deaths (n = 2)
 Intrauterine hypoxia and asphyxia 2 (2% [0.5 – 7.8])
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infection with placental involvement has also been asso-
ciated with intrauterine transmission of the virus [28, 
29]. For instance, two cases of vertical transmission were 
reported in neonates born to mothers with COVID-
19 where viral RNA was detected on placental samples 
[28]. Similar findings, with syncytiotrophoblast infection 
were reported in South Africa [29]. Although placen-
tal infection with SARS-CoV-2 does not always result in 
fetal infection, it is a likely risk factor for maternal–fetal 
transmission [30]. A recent study conducted in Italy in 
25 expectant mothers with SARS-CoV-2 infection and 24 
controls found significantly lower levels of Interferon-γ 
(IFN-γ) in both peripheral and cord blood of SARS-CoV-
2-positive mothers with mild symptoms, suggesting that 
infection can affect the fetal microenvironment in the 
absence of severe maternal symptoms and can increase 
susceptibility to infection [31]. While vertical transmis-
sion of SARS-CoV-2 is reported to range from 1 to 4%, 
[18, 30], positivity rates and timing of exposure have been 
described to vary between regions [32].

Although the mechanisms of maternal–fetal transmis-
sion are not well understood, severe SARS-CoV-2 infec-
tion and anti-SARS-CoV-2 IgM positivity in pregnant 
women have been associated with increased placenta 
abnormalities or insufficiency [30, 32, 33]. Evidence 
shows that placental trophoblast necrosis together with 
chronic histiocytic intervillositis are common findings 
in placentas associated with intrauterine SARS-CoV-2 
transmission [34]. This placental inflammation can trig-
ger a severe fetal inflammatory response syndrome, 
leading to fetal hypoxia, blood vessel damage, and 
blood–brain barrier compromise [34, 35]. In our study 
population, intrauterine hypoxia accounted for most of 
the perinatal deaths. Additionally, emerging variants of 
SARS-CoV-2 and their impact on immunomodulatory 
responses in pregnancy may also increase transmissibility 

from mother to fetus, emphasizing the need to better 
understand fetal and neonatal vulnerability to SARS-
CoV-2 infection [31, 36].

Apart from the adverse maternal and fetal outcomes 
that are associated with SARS-CoV-2 infection in preg-
nancy, this research found a marked increase of sFlt-1/
PIGF ratio in SARS-CoV-2 seropositive women com-
pared to those who were seronegative. Consistent with 
other studies, high angiogenic imbalance increases the 
likelihood of developing PE during pregnancy [37, 38]. 
A meta-analysis of 28 studies involving 790,954 pregnant 
women, found that women with SARS-CoV-2 infection 
were more likely to develop PE with severe features (OR 
1.76; 95CI [1.18 to 2.63]), eclampsia (OR 1.97; 95CI [1.01 
to 3.84]), and HELLP syndrome (OR 2.10; 95CI [1.48 to 
2.97]) than uninfected women [39]. Furthermore, SARS-
CoV-2 infection in the first or second trimester may 
increase the risk of having PE later in pregnancy [37]. 
However, some studies observed a higher angiogenic 
imbalance in pregnant women with hypertensive disor-
ders (HDP) and no SARS-CoV-2 infection compared to 
those with infection. This can be attributed to the sever-
ity of the underlying hypertensive disorder and placental 
insufficiency that this group of women had and not nec-
essarily with SARS-CoV-2 infection [40]. To date, sFlt-1/
PIGF ratio is considered not to be a good predictor of 
severity of SARS-CoV-2 infection, but it is a reliable pre-
dictor of PE [37, 38].

A potential study limitation to consider, is the fact that 
some serum samples had insufficient volume, resulting in 
incomplete testing of positive blood samples for SARS-
CoV-2 specific IgM and IgG antibodies—especially for cord 
blood. Despite this limitation, the study findings provide 
unique data on congenital SARS-CoV-2 infection in still-
borns and significantly contributes to the scarce body of 
literature on SARS-CoV-2 epidemiology in the SSA region.

Table 4 Prevalence of preeclampsia and sFlt-1/PIGF ratio by maternal SARS-CoV-2 serostatus in study participants

a Chi-square
b Wilcoxon rank sum test
c Logistic regression

sFlt-1 soluble Fms-like tyrosine kinase 1; PIGF- Placenta growth factor

SARS-CoV-2 
seronegative 
n (%)
N = 32

SARS-CoV-2 
seropositive 
n (%)
N = 68

p-value OR [95%CI] p-valuec

Clinical Preeclampsia, (N = 100) 0.209a 1.8 [0.73 – 4.26] 0.207

 No 15 (41.7) 19 (59.4)

 Yes 17 (27.9) 49 (72.1)

sFlt-1/PIGF ratio, (N = 100)
 Median (IQR) 58.2 (2.19–1163.7) 131.8 (0.4–2439) 0.205b 1.01 [0.99- 1.002] 0.199

 Normal/Low (< 38) 13 (38.2) 21 (61.8) 0.337a 1.5 [0.64 – 3.67] 0.339

 Moderate to high (≥ 38) 19 (28.8) 47 (71.2)
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Conclusions
SARS-CoV-2 seroprevalence was high among unvac-
cinated pregnant women during the second year of the 
pandemic in this area of southern SSA, with increased PE 
biomarkers in women with SARS-CoV-2 antibodies. Fur-
ther research is required to fully understand the impact 
of SARS-CoV-2 exposure on fetal and neonatal health.
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