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Background: Coronavirus disease 2019 (COVID-19) is a respiratory illness caused by SARS-CoV-2 (severe acute respiratory 
syndrome coronavirus 2). The pandemic potential of the virus along with its severity posed a threat to all individuals particularly 
pregnant women. Multiple studies suggested the possibility of vertical transmission of COVID-19 with variable findings.
Aim: This study aims to assess the frequency of COVID-19 vertical transmission and identify maternal and neonatal complications.
Materials and Methods: A retrospective study of 17 months for all pregnant women attending for delivery who tested positive using 
SARS-CoV-2 polymerase chain reaction (PCR) (n = 80) and their neonates (n = 81) who were tested by both SARS-CoV2 PCR and 
viral IgG and IgM antibodies detection using immunochromatography. A matched control group of PCR negative mothers (n = 51) 
was included. All testing was done within 24–48 hours, and the neonates of positive mothers were immediately and completely 
separated from their mothers as per the hospital policy.
Results: A total of 263 individuals were included in the study. Out of 80 SARS-CoV2 PCR positive mothers, 4 (5%) had PCR 
positive neonates and one (1.3%) had SARS-CoV2 IgM positive neonates. The commonest presentation of COVID-19 in mothers 
were cough (11.4%) and dyspnea (10%). In addition, the need for ICU admission and antibiotics usage was significantly higher in 
SARS-CoV2 PCR positive mothers (p value 0.042, 0.003 respectively). On the other hand, neonates of SARS-CoV2 PCR positive 
mothers had a higher risk of low birth weight and NICU admission (p value < 0.001).
Conclusion: This study, with its unique infection control protocol for managing SARS-CoV2 PCR-positive mothers and the use of 
immunological testing for neonates, provides evidence for in-utero SARS-CoV2 transmission, and interpretation of the results should 
be in conjunction with the WHO categorization of the timing of mother-to-fetal transmission. Further studies are needed to assess the 
impact of viral genetic evolution on the risk of maternal–fetal transmission.
Keywords: SARS-CoV-2, in-utero, transmission, IgM, PCR

Introduction
Coronavirus disease 2019 (COVID-19) is a highly communicable respiratory illness caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) first originated in Wuhan, China, in December 20191 and rapidly causing 
a pandemic declared by the WHO as public health emergency of international significance on January 31, 2020.2 This 
virus is mainly transmissible via respiratory droplet, or contaminated fomite.3 In addition, vertical transmission has been 
a hot area of research to facilitate our understanding of the risk of transmission and its complications on both the mother 
and the newborn and to plan efficient infection control measures.4–8

Vertical transmission of SARS-CoV-2 from pregnant mothers to their newborns can occur in utero, intrapartum or 
postpartum.9 In utero transmission requires the presence of viremia, which has been documented particularly in severe 
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COVID-19 in 12.7% (27/212) of serum samples tested.10 In addition, the presence of transmembrane protease serine 2 
(TMPRSS2) and cell-membrane associated angiotensin-converting enzyme 2 (ACE-2) viral receptors on placental tissue 
facilitate this transmission.11 Recent report of histopathological evidence of in utero transmission using autopsy analysis 
of a case of intrauterine death in COVID-19 infected mother demonstrated the detection of viral nucleic acid and viral 
antigens in multiple tissue including placenta, umbilical cord, brain, lung and liver, but direct viral cytopathological 
changes were not evident in these tissues.12 Therefore, the mere detection of virus in the placenta and even cord blood 
was not highly correlated with neonatal infection13 and the need for further testing of neonatal peripheral blood was 
highlighted. On the other hand, Intrapartum transmission is possible as a result of exposure to maternal blood, vaginal 
secretion or faecal contamination in normal vaginal delivery14,15 and even exposure to respiratory aerosol at the time of 
delivery. Postnatal transmission follows the same common respiratory mode of transmissions since the baby will be 
exposed to the external environment and is at risk for SARS-CoV-2 infection. Since the distinction between these is 
crucial for better understanding of the viral pathogenesis, the World Health Organization (WHO) issued the WHO 
Categorization of the timing of mother-to-foetal transmission of SARS-CoV-2 to improve the interpretation and guide 
clinical testing.9 In order to diagnose in utero, intrapartum or early postnatal transmission, three criteria must be fulfilled 
including evidence of maternal infection, in utero exposure, viral persistence/ immune response.9

With the accumulation of evidences to support the possibility of vertical transmission, the detection of virus in 
maternal blood, vagina, and stool and the published evidence of in utero, intrapartum and postnatal transmission,15 we 
aim to retrospectively investigate the frequency of maternal to fetal SARS-CoV-2 transmission using maternal and 
neonatal SARS-CoV-2 PCR and neonatal IgG and IgM antibody tests done as part of patient management plan at King 
Fahad Hospital of the University, AL Khobar, Saudi Arabia, between June 2020 and Oct 2021 and evaluate pregnant 
mothers and neonatal clinical presentations and complications associated with COVID-19 infections.

Materials and Methods
Study Design
A retrospective study of 17 months duration from June 2020 to October 2021 was conducted in King Fahad Hospital of 
University (KFHU), Eastern Region, Saudi Arabia, which is a secondary care hospital with 550 beds. A search in the 
hospital electronic patient data system identified all pregnant women attending for delivery during the study period who 
were tested using SARS-CoV2 polymerase chain reaction (PCR) as per the hospital policy at that time. All pregnant 
women who were SARS-CoV-2 PCR-positive (n = 80) and their neonates (n = 81, 1 one set of twins) were included in 
the study. In addition, a randomly selected matched group of SARS-CoV-2 negative mothers who presented in the same 
study period and whose neonates were tested using SARS-CoV-2 PCR (n = 51) were included as control group with their 
neonates (n = 51). All pregnant women and their neonates who were not screened using SARS-CoV-2 PCR at admission 
were excluded from the study.

The samples tested included maternal and neonatal nasopharyngeal swabs for SARS-CoV-2 PCR and neonatal whole 
blood samples for SARS-CoV-2 IgG and IgM antibody testing. Maternal screening was done upon admission, and all neonatal 
tests were performed simultaneously within 24–48 hours after delivery as per the hospital policy. Neonates of SARS-CoV-2 
PCR negative mothers were only screened with SARS-CoV-2 PCR and those with SARS-CoV-2 PCR positive mothers were 
screened with both SARS-CoV-2 PCR and SARS-CoV-2 IgG and IgM antibody testing. As per the hospital policy during the 
pandemic, to minimize postnatal SARS-CoV-2 transmission from the mother to their newborn babies, all mothers with 
positive SARS-CoV-2 PCR tests were separated from their neonates for 14 days postnatally and not allowed to breast feed.

SARS-CoV-2 Molecular Testing Using Polymerase Chain Reaction (PCR)
At King Fahad Hospital of University (KFHU) the Xpert Xpress SARS-CoV-2 test using the GeneXpert Instrument Systems 
(Cepheid, USA) that detect the small envelope (E) glycoprotein and the nucleocapsid (N) protein was used in accordance with 
manufacturer’s instructions. The samples that were sent to Dammam Regional Lab were tested using a variety of PCR platforms 
including Kingfisher Flex Purification RNA DNA Extraction System 96 Well (Thermo Fisher, USA), Logix Smart SARSCoV-2 
(COVID-K-002) Test Kit on LightCycler® Real-Time PCR Systems reverse transcriptase PCR (Roche, Switzerland) and the 
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PowerChek™ 2019-nCoV Real-time PCR Kit (Kogene, Korea), in accordance with Saudi ministry of health regulations and 
manufacturers’ instructions.

SARS-CoV-2 IgM and IgG Antibody Testing Using Immunochromatography
Neonatal samples were tested using BIOSYNEX COVID-19 BSS (Whole Blood, Serum or Plasma) (Biosynex, France) 
at King Fahad Hospital of University (KFHU) according to the manufacturer’s instructions. It is a rapid qualitative 
membrane-based test that detects IgG and IgM antibody to spike protein Receptor Binding Domain (RBD). Test 
sensitivity for IgM and IgG is 92.6% and 100%, and specificity is 99.2%, and 99.5%, respectively.

Statistical Analysis
Data were analysed using the chi-square and Fisher’s exact tests on Excel and SPSS-23 software. The chi-squared test 
was used to determine whether there is a significant association between two categorical variables. In the context of our 
study, the chi-squared test was used to analyse the relationship between COVID-19 severity and complications in both 
mothers and neonate and positivity of maternal SARS-CoV2 PCR test. On the hand, Fisher’s exact tests were used when 
the sample size was small.

Ethical Approval
Ethics approval was obtained from the Imam Abdulrahman bin Faisal University Institutional Review Board (IRB) 
Committee (reference number: IRB-PGS—2022-01-149) and the study complies with the declaration of Helsinki. In this 
study, written informed consent was waived due to its retrospective design. The research involved the analysis of pre- 
existing data available prior to the study’s initiation, and obtaining consent would not have been feasible. All identifiable 
information was anonymized to protect the confidentiality of participants.

Results
Frequency of SARS-CoV-2 Maternal to Fetal Transmission
During the study period, 263 individuals were included in the study. This includes 131 mothers and 132 neonates (1 one set 
of twins). Of the 131 mothers, eighty were found to be SARS-CoV-2 PCR positive and fifty-one were negative. Both 
maternal groups were matched and showed no significant differences in age and comorbidities (Table 1). On the other hand, 
eighty-one of the neonates were born to SARS-CoV-2 PCR positive mothers and fifty-one were born to SARS-CoV-2 PCR 
negative mothers.

All the fifty-one neonates of SARS-CoV-2 negative mothers were SARS-CoV-2 PCR negative, but out of the eighty-one 
neonates of SARS-CoV-2 PCR positive mothers, four (5%) had a positive SARS-CoV-2 PCR. In addition, 23 (28.8%) had 
a positive SARS-CoV-2 IgG antibody test and only one (1.3%) showed SARS-CoV-2 IgM positivity (Table 2).

Table 1 Descriptive Data of Both SARS-CoV-2 PCR Positive and Negative Postnatal Mothers

Variable Frequency 
Total= 131 

N (%)

PCR 
positive 

Total= 80 n (%)

PCR negative 
Total=51 n (%)

Test 
(P-value)

Mother Age 19–29 years old 55 (42.3) 36 (45.6) 19 (37.3) x2= 1.590 

(0.451)
30–39 years old 66 (50.8) 39 (49.4) 27 (52.9)

≥ 40 years old 9 (6.9) 4 (5.1) 5 (9.8)

Gestational Age Preterm 21 (16.0) 14 (17.5) 7 (13.7) x2= 2.405 

(0.300)
Full term 107 (81.7) 63 (78.8) 44 (86.3)

Not documented 3 (2.3) 3 (3.8) 0 (0)

(Continued)
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Table 2 Neonatal IgG and IgM Antibody Results

Neonatal SARS-CoV-2 ANTIBODY Neonate of SARS-CoV-2  
PCR Positive Mothers, Total= 81 

n (%)

IgG Negative 48 (60)

Positive 23 (28.8)

Missing 10 (12.3)

IgM Negative 70 (87.5)

Positive 1 (1.3)

Missing 10 (12.3)

Table 1 (Continued). 

Variable Frequency 
Total= 131 

N (%)

PCR 
positive 

Total= 80 n (%)

PCR negative 
Total=51 n (%)

Test 
(P-value)

Mode of delivery Normal 84 (64.1) 49 (61.3) 35 (68.6) x2= 5.062 

(0.167)
C/S 40 (30.5) 27 (33.8) 13 (25.5)

Vacuum 4 (3.1) 1 (1.3) 3 (5.9)

Not documented 3 (2.3) 3 (3.8) 0 (0)

Premature rupture of membranes (PROM) With PROM 1 (0.8) 1 (1.3) 0 (0) x2= 0.642 
(1.0)a

No PROM 130 (99.2) 79 (98.8) 51 (100)

Mothers with Chronic Disease With chronic disease 28 (21.4) 18 (22.5) 10 (19.6) x2= 0.155 

(0.828)
Withoutchronic disease 103 (78.6) 62 (77.5) 41 (80.4)

Mother with diabetes mellitus (DM) With DM 13 (9.9) 8 (10) 5 (9.8) x2= 0.001 
(1)

Without DM 118 (90.1) 72 (90) 46 (90.2)

Mother with hypertension (HTN) With HTN 2 (1.5) 0 (0) 2 (3.9) x2= 3.186 

(0.150)
Without HTN 129 (98.5) 80 (100) 49 (96.1)

Mother with Hypothyroidism With hypothyroidism 13 (9.9) 8 (10) 5 (9.8) x2= 0.001 

(1)
Without 

hypothyroidism

118 (90.1) 72 (90) 46 (90.2)

Mother asthma With asthma 3 (2.3) 2 (2.5) 1 (2) x2= 0.040 

(1)
Without asthma 128 (97.7) 78 (97.5) 50 (98)

Mother Anemia With anemia 4 (3.1) 3 (3.8) 1 (2) x2= 0.337 

(1)
Without anemia 127 (96.9) 77 (96.3) 50 (98)

Mother Cardiac diseases With cardiac disease 1 (0.8) 1 (1.3) 0 (0) x2= 0.642 
(1)

Without cardiac disease 130 (99.2) 79 (98.8) 51 (100)

Note: aFisher’s Exact test P value less than 0.05 is statistically significant.
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Impact of the Mode of Delivery on Neonatal SARS-CoV−2 PCR Result
Among neonates delivered via normal vaginal delivery, three had positive SARS-CoV-2 PCR, and 85 were SARS-CoV-2 
PCR negative. On the other hand, among those delivered via caesarean section (CS), one had positive SARS-CoV-2 PCR 
and 39 were negative (p = 0.875) (Table 3).

Clinical Presentation of Maternal COVID-19
Majority were asymptomatic (n = 65, 81.3%), 12 (15%) of them had mild-to-moderate disease, and only 3 (3.8%) had 
severe COVID-19 symptoms. The most common clinical manifestation was cough (11.4%), and dyspnoea (10%) 
followed by fever (6.25%), vomiting (5.1%) and nausea (3.8%) (Table 4).

Table 3 Impact of Delivery Type on Neonatal SARS-CoV −2 PCR Result

Type of delivery Frequency 
Total=132 

N (%)

Positive PCR 
Total= 4 

n (%)

Negative PCR 
Total = 128 

n (%)

x2 

(P-value)

Normal vaginal delivery (NVD) 88 (67.2) 3 (75) 85 (66.4) 0.173 
(0.875)

Caesarean section (CS) 40 (30.5) 1 (25) 39 (30.4)

Missing 3 (2.3) 0 (0) 4 (3.1)

Table 4 Clinical Presentation of Postnatal SARS-CoV-2 PCR-Positive 
Mothers

Variable Frequency n = 80 (%)

SARS-CoV-2 Symptoms

COVID-19 Severity symptoms Asymptomatic 65 (81.3)

Mild to moderate 12 (15)

Severe 03 (3.8)

Fever on admission Febrile 05 (6.25)

Afebrile 75 (93.75)

Cough No cough 70 (88.6)

With cough 09 (11.4)

Sore throat No 78 (97.5)

Yes 02 (2.5)

Dyspnea No 72 (90)

Yes 08 (10)

Nausea No 76 (96.2)

Yes 03 (3.8)

Vomiting No 74 (94.9)

Yes 4 (5.1)

Diarrhea No 77 (98.7)

Yes 01 (1.3)
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Maternal COVID-19 Complications
Among postnatal mothers, the need for ICU admission was significantly higher among SARS-CoV-2 positive mothers 
(n = 7, 8.9%, p = 0.042) and use of antibiotics treatments (n = 12, 15%, p = 0.003). On the other hand, the need for 
mechanical ventilation and steroid therapy were only seen SARS-CoV-2 positive mothers with no statistical significance 
(n = 4, 5%, p = 0.095) (n = 6, 7.5%, p = 0.081), respectively (Table 5).

Associations Between Maternal COVID-19 Severity and Chronic Diseases Such as 
Hypothyroidism, Diabetes Mellitus (DM), Asthma and Anemia
Among the 8 (10%) cases of hypothyroidism in the PCR-positive postnatal mothers, 2 (66%) presented with severe 
COVID-19 (p = 0.047). On the other hand, there were no association between severity and bronchial asthma (p = 0.941), 
anaemia (p = 0.855), diabetes mellitus (p = 0.724), or cardiac disease (p = 0.890) (Table 6).

Table 5 Complications in Postnatal SARS-CoV-2 PCR Positive Mothers Compare to SARS-CoV-2 PCR 
Negative Postnatal Mothers

Variable Frequency 
Total =131 

N (%)

PCR Positive 
Total=80 

n (%)

PCR Negative 
Total=51 

n (%)

Test  
(P-value)

ICU Admission ICU admission 7 (5.4) 7 (8.9) 0 (0) x2= 4.714 
(0.030) 

(0.042)aNo ICU admission 124 (94.6) 73 (91.1) 51 (100)

Mechanical ventilator Yes 4 (3.1) 4 (5.0) 0 (0) x2= 4.714 

(0.095)
No 124 (94.7) 73(91.3) 51 (100)

Missing 3 (2.3) 3 (3.8) 0 (0)

Mother antibiotics Use On antibiotics 12 (9.2) 12(15.0) 0 (0) x2= 8.421 

(0.003)a

No antibiotics used 119 (90.8) 68 (85.0) 51 (100)

Mother steroids use On steroid 6 (4.6) 6 (7.5) 0 (0) x2= 4.009 

(0.081)a
No steroid 125 (95.4) 74 (92.5) 51 (100)

Notes: aFisher’s Exact test. P values less than 0.05 are statistically significant. Bold font indicates statistically significant associations.

Table 6 Associations of COVID-19 Severity in Postnatal Mothers with Chronic Disease

Variable Frequency 
Total = 80 

N (%)

Non-Severe 
Total =77 

n (%)

Severe 
Total=3 
n (%)

Test 
(P-value)

Thyroid Function Normal 70 (87.5) 69 (89.6) 1 (33.3) x2= 11.132 
(0.047)a

Hypothyroidism 8 (10) 6 (7.8) 2 (66.7)

Missing 2 (2.5) 2 (2.6) 0 (0)

Bronchial Asthma Normal 77 (96.3) 74 (96.1) 3 (100) x2=0.941 
(0.890)a

Asthma patient 2 (2.5) 2 (2.6) 0 (0)

Missing 1 (1.3) 1 (1.3) 0 (0)

(Continued)
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Impact of Maternal SARS-CoV-2 Positivity on Neonatal Clinical Condition
In comparison to neonate of SARS-CoV-2 PCR negative mothers, those born to SARS-CoV-2 PCR positive mother at 
higher risk for low birth weight and NICU admissions (p ≤ 0.001) in addition, the use of mechanical ventilation was 
7.5% (n = 5) in positive PCR group compared to 3.9% (n = 2) in negative PCR group and there was one case of neonatal 
death seen in PCR positive group (p = 0.482, p = 1.00, respectively) (Table 7) and (Figure 1).

Table 6 (Continued). 

Variable Frequency 
Total = 80 

N (%)

Non-Severe 
Total =77 

n (%)

Severe 
Total=3 
n (%)

Test 
(P-value)

Anemia Normal 76 (95) 73(94.8) 3(100) x2=0.921 

(0.855)a
Anemia Patients 3(3.8) 3(3.9) 0(0)

Missing 1(1.3) 1(1.3) 0(0)

DM Normal 72(90) 69(89.6) 3(100) x2=0.841 

(0.724)a
Diabetes 4(5) 4(5.2) 0(0)

Gestational Diabetes 4(5) 4(5.2) 0(0)

Cardiac Disease Normal 77 (96.3) 74 (96.1) 3 (100) x2=0.941 

(0.890)a
Cardiac Patient 1 (1.3) 1 (1.3) 0 (0)

Missing 2 (2.5) 2 (2.6) 0 (0)

Notes: aFisher’s Exact test. P value less than 0.05 is statistically significant. Bold font indicates statistically significant 
associations.

Table 7 Comparison of Neonatal Clinical Conditions Between SARS-CoV-2 Positive and Negative Postnatal Mothers

Variable Frequency 
Total= 131 N (%)

Positive PCR 
Total= 80 n (%)

Negative PCR 
Total= 51 n (%)

x2 

(P-value)

Birth Weight Normal 82 (62.6) 42 (52.5) 40 (78.4) 16.108 
(<0.001)

Low 29 (22.1) 18 (22.5) 11 (21.6)

Not documented 20 (15.3) 20 (25) 0 (0)

NICU Admission Yes 85 (64.9) 76 (95.0) 9 (17.6) 81.792 
(<0.001)

No 46 (35.1) 4 (5.0) 42 (82.4)

Intra Uterine Growth Retardation (IUGR) IUGR 8 (6.1) 5 (6.3) 3 (5.9) 0.007 
(1.00)a

Non IUGR 123 (93.9) 75 (93.8) 48 (94.1)

Mechanical Ventilator Yes 8 (6.1) 6(7.5) 2 (3.9) 0.696 

(0.482)a
No 123 (93.9) 74 (92.5) 49 (96.1)

Neonatal Steroid Use On Steroid 1 (0.8) 1 (1.3) 0 (0) 0.642 

(1.00)a
No Steroid 130 (99.2) 79 (98.8) 51 (100)

(Continued)
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Discussion
In order to assess the risk of maternal to fetal transmission of SARS-CoV-2, we followed the WHO categorization of the 
timing of mother-to-fetal transmission of SARS-CoV-2.9 Accordingly, we detected 4 (5%) cases of neonates with 
positive SARS-CoV-2 PCR test. Only one neonate (1.3%) was IgM positive, zero confirmed in utero SARS-CoV-2 
transmission cases, zero possible in utero SARS-CoV-2 transmission cases, zero unlikely in utero SARS-CoV-2 
Transmission cases, and five indeterminate in utero SARS-CoV-2 Transmission of SARS-CoV-2.

Another study in Malaysia on 766 neonates of 753 SARS-CoV-2 positive mothers found that the risk of SARS-CoV 
PCR positivity was 3% (n = 23/766), yet testing was done within 8 days after delivery, and therefore increased the chance 

Table 7 (Continued). 

Variable Frequency 
Total= 131 N (%)

Positive PCR 
Total= 80 n (%)

Negative PCR 
Total= 51 n (%)

x2 

(P-value)

Neonatal Antibiotics Use Yes 8 (6.1) 2 (2.5) 6 (11.8) 4.662 
(0.055)a

No 123(93.9) 78 (97.5) 45 (88.2)

APGAR Score Normal 115 (87.8) 74 (92.5) 41 (80.4) 16.208 
(<0.001)

Abnormal 11 (8.4) 1 (1.3) 10 (19.6)

Missing 5 (3.8) 5 (6.3) 0 (0)

Neonatal Death Alive 130 (99.2) 79 (98.8) 51 (100) 0.643 

(1.00)a
Death 1 (0.8) 1 (0.8) 0 (0)

Notes: aFisher’s Exact test. P value less than 0.05 is statistically significant. Bold font indicates statistically significant associations.

Figure 1 Neonatal conditions based on mothers SARS-CoV2 PCR.
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of postnatal infections, which interfered with the result interpretation.16 On the other hand, in Italy, a higher frequency of 
transmission was reported, 4 out of 5 neonates of SARS-CoV-2 positive mothers tested positive,17 and no transmission 
was reported in 101 neonates of 100 mothers in two large academic centers in New York.18 A large meta-analysis 
confirmed the risk of vertical transmission and was found to be less than 3%.15 Furthermore, another systematic review 
reported 2.7% overall risk of SARS-CoV2 PCR positivity in babies born to COVID-19 positive mothers,19 while other 
studies concluded the lack of adequate evidence to support vertical transmission of COVID-19.7,20,21

Since IgG reflects the transfer of maternal immunity to neonate, its detection indicates past maternal COVID-19 
infection or even vaccination, so IgG cannot be used to determine neonatal SARS-CoV-2 status. In our study, IgM 
antibodies were tested and only one neonate (1.3%) was positive and 28.8% (n = 23) were IgG positive. This neonate 
(IgM positive) was a full term with a normal birth weight of 3.5 kg, no history of IUGR, no COVID-19 symptoms, 
APGAR score 9/10, and negative SARS-CoV-2 PCR. The mother had cough and dyspnoea, but no molecular evidence of 
current or recent COVID-19 infections. Although detection of neonatal IgM is strongly suggestive of neonatal 
infection,22 neonatal SARS-CoV-2 PCR was negative, and therefore the diagnosis was not confirmed. In this case, the 
mother was clinically suspected of COVID-19 with negative PCR and the neonate showed positive IgM antibodies and 
again negative PCR. This could be explained by the suboptimal sensitivity of PCR or target mutation in the primer 
binding site rendering the PCR results negative. A multicentre study also detected IgM antibodies in five neonates of 
SARS-CoV-2 infected mothers’ group but not in non-infected or vaccinated mothers’ groups highlighting the diagnostic 
value of neonatal IgM.23

The most common clinical manifestations of maternal COVID-19 were cough (11.4%), dyspnoea (10%) followed by 
fever (6.25%), vomiting (5.1%) and nausea (3.8%), similar to published literature.24 Maternal SARS-CoV-2 PCR 
positivity was significantly associated with ICU admissions (7 out of 7 cases) and use of antibiotics compared to 
negative mother (p = 0.042, p = 0.003 respectively).

There was a clear association with hypothyroidism and severe disease, but severity was not associated with bronchial 
asthma, diabetes mellitus or cardiac disease. Among the 8 (10%) cases of hypothyroidism, 2 (66%) had severe COVID- 
19 (p = 0.047). One of them needed ICU admission and was on mechanical ventilator, with a history of confirmed SARS- 
CoV-2 positive PCR 8 days before admission. She was on regular thyroxine medication and had a preterm delivery at the 
gestational age of 26 weeks. The neonate was SARS-CoV-2 PCR negative, IgG positive and IgM negative who 
eventually died due to prematurity and respiratory distress. In the second case, the mother had severe COVID-19 and 
needed ICU admission. She had a preterm delivery at the gestational age of 33 weeks. The neonate needed ICU 
admission and was on continuous positive airway pressure (CPAP). This observation is in line with published studies 
of association between hypothyroidism and poor outcome.25–27

Neonates born to SARS-CoV-2 positive mother had low birth weight with 18 (22.5%) neonates from SARS-CoV-2 
PCR-positive mothers compared to 11 (21.6%) from SARS-CoV-2 PCR-negative mothers (p = 0.001) similar finding was 
also reported in China reporting increased risk of low birth weight28 and also in a large nationwide study in Korea29 yet 
other studies found no association between maternal COVID-19 and low birth weight.30 On the other hand, there was no 
association with IUGR or need for mechanical ventilation.

Our study is one of the significant studies with relatively big sample size compared to published studies and 
systematic review31–33 which collectively reported small sample size. In addition, it is a unique study in clearly defining 
the time of testing and ensuring complete separation of neonate of COVID-19 positive mothers from their neonate 
immediately after birth and not allowing any contact even during breast-feeding. This was based on the hospital policy at 
that time to minimise the transmission and to prevent neonatal COVI-19. We also used two types of testing for neonates 
(PCR and antibody detection) providing a better accuracy and confirmation of testing and evaluation of neonatal 
conditions. In addition, we included a matched control group of COVID-19 negative mother as a baseline reference to 
improve statistical analysis, provide external validation and reduce bias.34

Limitations of the study include the inability to fulfil the WHO criteria for categorization of the timing of mother-to- 
fetal transmission due to the lack of availability of tests needed to confirm the diagnosis in routine microbiology 
diagnostic settings, which is a challenge that has been recognized and reported by other studies35 and the lack of follow- 
up for neonates of COVID-19 positive mothers for long-term sequels, which was unavoidable during the pandemic. Yet, 
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this study demonstrates the possibility of in utero maternal-to-foetal transmission of SARS-CoV-2 shown by the 
detection of viral nucleic acid within the first 24–48 hours of birth in 4 neonates and neonatal IgM, which is highly 
suggestive of in utero COVID-19 transmission.

Conclusion
Given the strict infection control protocol used in the hospital, we found that the risk of maternal-to-fetal COVI-19 
transmission was about 6.3% (5% positive SARS-CoV2 PCR and 1.3% SARS-CoV2 IgM positive). Maternal Covid-19 
severity was significantly associated with hypothyroidism (p = 0.047) and there was no impact of the mode of delivery on 
the risk of transmission. In addition, neonatal low birth weight and ICU admission were significantly associated with 
maternal positivity. With its unique design and use of molecular and antibody testing, this study provides evidence of 
possible COVID-19 vertical transmission during the earliest stage of the pandemic, shedding light on the importance of 
continuous surveillance to assess the impact of viral evolution on transmission and pathogenicity of SARS-CoV2.
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