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Abstract

published in low-middle-income country settings

Background: The global spread of the novel

(LMICS).

coronavirus 2019 (COVID-19) has been sudden
shock to the world and resulted in many questions

Objectives: To describe the clinical characteristics

that remain unanswered. Limited data has been

and outcome of mothers and neonates delivered from
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COVID-19 positive mothers, and to identify the

Keywords: COVID-19; Maternal; Neonatal; Low-

incidence of COVID-19 positive neonates.

middle income countries; South Africa

Methods: A prospective, descriptive study, from 1

Abbreviations: COVID-19 - coronavirus 19;

August 2020 to 31 March 2021 conducted at a

Bacille Calmetie-Gurein – BCG; CMJAH - Charlotte

tertiary hospital, in Johannesburg. All neonates born

Maxeke Johannesburg Academic Hospital; CRP - C

to mothers that were COVID-19 positive and that

Reactive Protein; ICU - Intensive care unit; IgG -

required admission to the neonatal unit were

Immunoglobulin G; IgM - Immunoglobulin M;

included. Informed consent was obtained from

HAART- highly active antiretroviral therapy; HIV-

mothers prior to enrolment.

Human Immunodeficiency virus; HICS- high income
country settings; LMICS - low middle income

Results: A total of 111 COVID-19 positive pregnant

country settings; nCPAP - nasal continuous airway

women delivered neonates at the tertiary hospital. In

pressure; NHLS – National Health Laboratory

this study, only 28 of the 111 (25%) neonates born to

service; REDCap - Research Electronic Data

COVID-19 positive mothers were admitted. The

Capture; RT-PCR – Real time polymerase chain

majority of the COVID-19 pregnant mothers were

reaction; RNA – ribonucleic acid; PET – pre-

asymptomatic or had mild symptomatic disease

eclampsia; SARS-CoV2 – severe acute respiratory

(80%). Two (2/111) (2%) mothers required ICU

syndrome coronavirus 2; TB – Tuberculosis; WHO –

admission and three (3/111) (3%) of them demised.

World Health Organization; US - United States

In relation to neonatal outcomes, the majority of the
neonates were delivered at a gestational age of 35
weeks with a birth weight of 2400 grams .The most
common symptom was respiratory distress (89%).
The one (3%) neonate that tested positive for

1. Background
In December 2019, several pneumonia cases of
unknown origin emerged in Wuhan, Hubei province,
in the Republic of China. On 11 March 2020, the

COVID-19 was born moderately preterm with a low

World Health Organization (WHO) labelled the

birth weight and respiratory distress syndrome. Two

disease associated with the novel coronavirus 2019

(2/28) (7%) neonates demised, however the cause of

(COVID-19) a pandemic [1]. The global spread was

death was not related to COVID-19. All the
remaining (26/28) (93%) neonates were discharged
and were well on follow up.

sudden, and many questions remain unanswered. The
virus is highly contagious via direct contact and
droplet spread with a mortality rate of 3.4%
according to the WHO [1]. As of 27 April 2021,

Conclusion: Our study has shown that the risk of

South Africa (SA) had 1 576 320 positive cases of

neonatal transmission from pregnant COVID-19

COVID-19 resulting in 54 186 deaths [2]. Recently

mothers is relatively low, and the majority of

two mutated variants have been identified in SA,

neonatal disease ranged from asymptomatic to mildly

501Y.V2 (or B.1.351) and 501Y.V1 or (B.1.1.7)

symptomatic disease. Further research efforts are
essential to improve neonatal care in LMICS.
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respectively. The new variants may help the virus
spread more easily and affect the antibody response.
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samples from the respiratory tract.

the country to help curb the spread of the virus in
March 2020. Since then, the lockdown has been

Of increasing concern is the pregnant women

eased but the country remains in varying degrees of

population that are more susceptible to COVID-19

lockdown.

and are likely to have complications [10-13]. The
unanswered questions:

South Africa is a low-middle income country

1) Whether pregnant women are more severely

(LMICS) with very dense informal settlements areas

affected or may be asymptomatic than the

that may represent a challenge when considering the

general population? Whether intrauterine or

transmissibility of COVID-19 [3]. Of concern is the

perinatal transmission occurs is largely

huge local burden of other diseases like tuberculosis

unknown?

(TB) and Human Immunodeficiency Virus (HIV).

2) Whether SAR-CoV-2 is transmitted in

The WHO was initially hopeful that those who have

breast

milk.

Limited

achieved viral suppression through highly active

suggested

antiretroviral therapy (HAART) may show less

transmitted through breast milk but the

severe symptoms of COVID-19. In SA, only 63% of

numbers on which to determine this

HIV positive population are on HAART [4]. The

evidence is small?

that

information

SARS-COV-2

is

has
not

South African maternal population is very different to

3) Lastly, postnatal transmission from an

Asia, Europe or the United States (US). Approxi-

infected mother to a well new-born. This is

mately 28.6% of our mothers are HIV positive and

controversial as it raises the question of

only about half of the mothers are on HAART [5].

temporary separation of infected mothers

TB is also prevalent in pregnant women [5, 6]. It was

and their neonates?

also found that Bacille Calmette-Guerin (BCG)
childhood vaccination might offer broad protection to

Several case reports have looked at outcomes of

respiratory infections and it may reduce the number

pregnant mothers with COVID-19 and their neonates

of COVID-19 cases in the country [7]. The clinical

[13-16]. Reassuringly, mothers and their babies

presentation of COVID-19 in adults commonly

generally appear to do well [17, 18]. Strong evidence

includes fever, cough, fatigue, shortness of breath,

suggests amniotic fluid, placental swabs and cord

and rarely diarrhoea [8]. At time of diagnosis

bloods have consistently tested negative for SARS-

approximately 80% of cases are mild or moderate in

CoV-2 [12, 14, 19-21]. However, further investi-

adults, 15% of cases are severe requiring hospital

gation is required to determine if COVID-19 may

admission and 5% of cases are critical requiring

damage the placenta [20]. A few cases of neonates

intensive care [8]. Studies have shown that children

delivered to mothers with COVID-19 had increased

tend to have milder disease than adults [8, 9]. Severe

SARS-CoV-2 immunoglobulin M (IgM) levels [14,

acute respiratory syndrome coronavirus 2 (SARS-

19, 20]. This may suggest intrauterine transmission,

CoV-2) (the virus causing COVID-19) is diagnosed

however reverse transcription polymerase chain

from genetic material ribonucleic acid (RNA) in

reaction (RT-PCR) for SARS-CoV-2 from these
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neonates was negative, the IgM may be a false

their neonates, unless medically indicated [26]. This

positive [19]. It is not known if the developing foetus

will also minimize the disruption to breastfeeding

is exposed to a community of viruses (virome) [22].

during stay in facilities providing maternity and

Looking more closely at the virome in the amniotic

neonate services

fluid may detect COVID-19. The question of vertical
transmission is especially relevant given the recent

The definition for neonates suspected to have

history of vertical maternal-fetal transmission of such

COVID-19 infection is those neonates born to

emerging viral infections as the Zika virus, Ebola

mothers with a history of COVID-19 infection in the

virus, Marburg virus and other agents which can

14 days prior to delivery and/or 28 days after

threaten the health and survival of an infected mother

delivery, or the neonate is directly exposed to those

and foetus [22]. In many studies, most neonates have

infected with COVID-19 (including family members,

not acquired COVID-19 [23]. Information from nine

caregivers, medical staff and visitors) [28]. The

Chinese mothers revealed there was no evidence of

diagnosis of COVID-19 neonatal infection should

vertical transmission of COVID-19 during pregnancy

meet the following criteria [28, 29]:

[12]. The impact of COVID-19 in pregnancy still

1) At least one clinical symptom, including

remains unclear but in addition to the potential for

unstable body temperature, low activity or

vertical transmission the disease may lead to neonatal

poor feeding or shortness of breath.

complications such as preterm birth as a consequence
of maternal fever.

2) Chest radiographs showing abnormalities,
including unilateral or bilateral milled glass
opacities.

All the breast milk samples from these mothers after
the first lactation tested negative for SARS-CoV-2. In

3) A COVID-19 diagnosis in patient’s family
or caregiver

LMICS breastfeeding has been traditionally a

4) A close contact with people who may have

protective factor against diarrhoea and respiratory

or have confirmed COVID-19, or patients

infections and death [24]. The benefit of breast-

with unexplained pneumonia.

feeding especially with no cases of COVID-19 being

Clinical findings, especially in premature infants, are

transmissible through it still outweighs risks associa-

not specific. Therefore, it is necessary to closely

ted with formula feeding. Alternatives to breast

monitor vital signs, respiratory symptoms, and gas-

feeding are expressed breast milk or donor breast

trointestinal symptoms. Laboratory findings may be

milk [25]. The mothers should adhere to strict hand

non-specific. COVID-19 can be detected in samples

hygiene, wear a mask, and routinely clean and

taken from the upper respiratory tract (nasophary-

disinfect surfaces during breastfeeding to reduce the

ngeal and oropharyngeal), the lower respiratory tract

risk of transmission. There is uncertainty if a well-

(endotracheal

baby should be isolated from COVID-19 positive

blood and stool. Currently, the principles of treatment

mothers [26, 27]. In LMICS there are not enough

are supportive care and treatment of complications.

isolation areas to cohort well babies. The WHO

This study aimed to identify the incidence of neonatal

advocates that mothers should not be separated from

COVID-19 within our unit, and to describe the

Journal of Pediatrics, Perinatology and Child Health
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clinical characteristics and outcome of mothers and

Research Electronic Data Capture (REDCap™)

neonates delivered to COVID-19 positive mothers.

database [31], which is hosted by the University of
the Witwatersrand. Nasopharyngeal or oropharyngeal

2. Methods

specimens were obtained from mother and neonate at

2.1 Study design, period, and setting

admission in a viral transport medium. Laboratory

This was a prospective, single-centre, descriptive

confirmation for SARS-CoV-2 infection were perf-

study. The study took place at a tertiary hospital,

ormed by the National Health Laboratory Services

Charlotte Maxeke Johannesburg Academic Hospital

(NHLS) and confirmed by real time polymerase

(CMJAH), in Johannesburg, South Africa. CMJAH

chain reaction (RT-PCR). The mode of delivery was

has a 100-bed neonatal unit and a combined 15 bed

at the discretion of the attending obstetrician.

neonatal and paediatric intensive care unit. The
recruitment period was eight months from 1 August

2.4 Statistical analysis

2020 to 31 March 2021.

Statistical analysis was performed using SPSS,
version 27 (IBM, USA). Continuous variables were

2.2 Study population

described using measures of central tendency – mean

Pregnant women at CMJAH who were diagnosed

and standard deviation for those variables with a

with COVID-19 were eligible for inclusion. Pregnant

normal distribution and median and range for those

women that tested positive for COVID-19 during

variables with a skewed distribution. Categorical

their first and second trimester of pregnancy were

variables were described using frequencies and

excluded. COVID-19 was diagnosed with a positive

percentages.

SARS-CoV-2 PCR test. All neonates born to mothers
who were COVID-19 positive were included.

3. Results

Neonates with missing records were excluded.

3.1 Sample size
The median maternal age was 31 years and the mean

2.3 Procedures

gestational age of neonates was 35.5 weeks. The

Well neonates were housed with their mothers and

mean birth weight was 2400 grams. The median

sick neonates were transferred to a designated

Apgar score at 5 minutes was 9. Twenty-eight

neonatal COVID-19 isolation area in the neonatal

neonates born to positive COVID-19 mother were

unit. Patients were treated according to standard of

admitted to the neonatal unit. Among symptomatic

care and unit policy. Maternal and neonatal

neonates the most common clinical presentation was

epidemiology, demographics, clinical signs and

respiratory distress (89.29%) and feeding intolerance

symptoms, laboratory results, delivery method,

(42.86%).

treatments and follow up visits were captured on the
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Figure 1: Sample of neonates born to COVID-19 positive mothers admitted to the neonatal unit at a tertiary hospital
in Johannesburg, South Africa.

Variable
Maternal comorbidity
HIV
TB
PET and its complications
Mode of delivery
Caesarean section
Normal Vaginal Delivery
Contact with COVID-19 positive person
Travel outside the country
Maternal COVID-19 relevant symptoms
Fever (>37.5°C)
Cough
Dyspnoea
Diarrhoea
Mothers condition
Asymptomatic
Mild
Moderate
Severe (ICU admission)
Maternal Outcome
Survived
Demised

Frequency N(%)
11 (39.3)
7 (25.0)
2 (7.1)
22 (78.6)
6 (21.4)
0
0
9 (32.1)
9 (32.1)
2 (7.1)
0
19 (67.9)
5 (17.9)
1 (3.6)
3 (10.7)
27 (96.4)
1 (3.6)

HIV = Human Immunodeficiency Virus; TB = tuberculosis; PET = pre-eclampsia; ICU = intensive care unit.

Table 1: Characteristics of mothers that tested positive for COVID-19 at a tertiary hospital in Johannesburg, South
Africa, 1 August 2020 to 31 March 2021.
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Variable
Need for resuscitation in the delivery room
Nasal prong oxygen

Frequency N (%)

Bag mask ventilation
Intubation

14 (50.0)
4 (14.3)

COVID-19 PCR swab result
Positive
Negative

1 (3.6)
27 (96.4)

Neonatal complications
Fever (>37.5°C)
Respiratory Distress

3 (10.7)
25 (89.3)

Feeding Abnormalities
Asymptomatic

12 (42.9)
1 (3.6)

Neonatal Outcome
Survived

26 (92.9)

Demised

2 (7.1)

24 (85.7)

Table 2: Characteristics of neonates born to positive COVID-19 mothers admitted to the neonatal unit in a tertiary
hospital in Johannesburg, South Africa, 1 August 2020 – 31 March 2021.

Parameter

Mean (SD)

White Cell Count (x 109/L)

11.87

Haemoglobin (g/dL)

15.87

9

Platelets (x 10 /L)

256.48

Elevated CRP on day 2 (>10)

5 (17.86)

Treatment

N (%)

Empiric antibiotics

27

Targeted antibiotics

1

Surfactant and nCPAP

8

CRP = C-reactive protein; nCPAP = nasal continuous positive airway pressure

Table 3: Blood results and management of neonates born to COVID-19 positive mothers at a tertiary hospital in
Johannesburg, South Africa, 1 August 2020 to 31 March 2021.

4. Discussion

a paucity of information on COVID-19 in neonates

The COVID-19 pandemic has caused severe disease

and their outcomes. Our study reports the maternal

in adults, including pregnant women, while rarely in

characteristics and neonatal outcomes of neonates

neonates [32]. Critical gaps in the literature exist, and

born to COVID-19 positive mothers. Rates of

important research is still required. In LMICS there is

COVID-19 infection in pregnant women vary

Journal of Pediatrics, Perinatology and Child Health
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geographically and could potentially reflect the

delivery contributes to infection and transmission.

prevalence of the virus in the general population. In

Our unit is a tertiary facility with referrals of all

August 2020, universal screening for COVID-19 was

complicated pregnancies in the surrounding area,

adopted for all pregnant women at our centre. The

therefore the majority of deliveries were by caesarean

benefits of a universal testing approach include the

section (78.6%), but mode of delivery was at the

ability to use COVID-19 status to determine hospital

discretion of the obstetrician. Perinatal transmission

isolation practices and bed assignments, inform

of COVID-19 may occur via transplacental route or

neonatal care, and guide the use of personal protect-

through respiratory droplets after birth. Some reports

tive equipment [32]. Data from a New York City

of positive anti SARS-CoV-2 immunoglobulin M

study of 215 pregnant women that were screened for

(IgM) and immunoglobulin G (IgG) in the neonate or

COVID-19, found 33 to be positive for COVID-19,

placental histopathological findings were incon-

of whom 29 (87.9%) were asymptomatic [33]. Our

clusive [14, 23]. Thus far, several studies have shown

study supports the findings of other studies that

low rates of perinatal acquisition among neonates

showed that majority of mothers that tested positive

born to mothers with COVID-19 in the United States,

for COVID-19 were asymptomatic or had mild

China, Italy, Sweden and the United Kingdom [15,

symptoms [17, 34, 35]. Several studies have shown

17, 34]. Our results agree with findings of other

foetal

COVID-19,

studies, in which mother to neonate vertical transm-

including prematurity and stillbirth [13, 36]. In our

ission were low. Only one neonate tested positive for

study there was a higher occurrence of prematurity

COVID-19 (3.6%). The possibility of transmission

(mean gestational age was 35.5 weeks) and low birth

via breastmilk is unclear [37]. Therefore, our centre

weight infants (mean birth weight was 2400 grams).

strongly advocates breastfeeding despite mothers

This is similar to reports from high income country

being positive for COVID-19. We advise strict

setting (HICS) and LMICS [13, 32]. A possible

infection control methods between neonate and

explanation for this is the evidence of hypercoagu-

mother, including hand washing and maternal mask-

lability in pregnant women with COVID-19 disease

wearing. The benefit of breastmilk far outweighs the

[32]. Due to this, it has been hypothesised there is

unknown risk possible transmission, especially in

decreased perfusion to maternal/foetus and placenta

LMICS.

complications

of

maternal

vasculature, and this would result in intrauterine
growth restriction and more so increase preterm

The majority of neonates born to COVID-19 positive

deliveries. More rigorous studies are needed to

mothers had mild disease, however some studies

clarify the impact of COVID-19 on the physiology of

clinical presentation varies from asymptomatic

pregnancy and foetus.

carriage to critical illness [15, 17, 32]. Many hypotheses have been suggested to explain this fact,

Risk factors for maternal transmission of the disease

including a lower ACE2 expression, the receptor that

to the neonate are not fully understood. It remains

SARS-CoV-2 uses for host entry, less prionflam-

unclear if severity of maternal disease, time of

matory cytokine response, a stronger innate immune

acquisition, gestational age at delivery, or mode of

response

Journal of Pediatrics, Perinatology and Child Health
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a

higher
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of
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lymphocytes and absolute numbers of T and B cells

Declarations

[18]. Only one (3.6%) neonate tested positive for

Ethics approval and consent to participate

COVID-19. Laboratory investigations were normal.

Ethics was approved by Witwatersrand University

The COVID-19 positive neonate had mild disease.

Human Rsearch Ethics Committee (M200534).

These results mirror those of previous studies that

Mothers signed informed consent prior to enrollment

have examined clinical presentation of neonates born

of mother and neonate in the study.

to COVID-19 positive mothers [34, 38]. The two
(7.1%) neonates that demised were COVID-19 PCR

Consent of publication

negative and the deaths were unrelated to COVID-19:

Not applicable.

one neonate died from an inoperable cardiac disease
and the other from severe immaturity and nosocomial

Availability of data and material

sepsis. However, it is difficult to distinguish respire-

Data and material are available on request.

tory distress syndrome from COVID-19 since the
chest radiograph may have similar features. Neonates
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are considered a vulnerable population as limited
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studies have shown neonates to be at risk of
experiencing severe disease compared to older
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