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Background. The COVID-19 pandemic’s collateral damage has severely impacted global child health services. This study investigates its
effects on neonatal services and outcomes at a tertiary hospital in Tshwane, South Africa.

Objective. The main aim was to assess if decreased breastfeeding, coupled with increased infant formula use owing to COVID-19-related
visitation disruptions, was associated with higher incidences of healthcare-associated infections (HAI) and necrotising enterocolitis (NEC)
in the hospital’s neonatal unit.

Methods. As part of the Tshwane Maternal-Child COVID-19 study, we collected relevant data from three periods: pre-COVID-19,
COVID-year-1 (COVID-Y1) and COVID-year-2 (COVID-Y2).

Results. Exclusive breastfeeding at discharge decreased from 72.9% pre-COVID-19 to 47.0% during COVID-19. Preterm formula
purchases rose by 37.5% in COVID-Y1 and 25.0% in COVID-Y2, and term formula purchases increased by 77.8% in COVID-YI.
HALI incidence increased in both COVID-Y1 and COVID-Y2 compared with pre-COVID-19 (11.6% v. 8.1% and 12.0% v. 8.1%). NEC
incidence significantly increased in COVID-Y?2 for infants >1 500 g (1.8% v. 0.7%).

Conclusion. This study underscores the indirect consequences of COVID-19 parental visitation restrictions, leading to infringements of

breastfeeding rights and coinciding with increased HAI and NEC incidences in the hospital’s neonatal unit.
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The collateral damage from the COVID-19 pandemic has been
devastating to many healthcare facilities, especially to child health
services. The present study examines the indirect impact on
neonatal services and outcomes at a tertiary hospital in Tshwane,
South Africa, by comparing neonatal care before and during the
pandemic.

All infants should have the right to breastfeed, and benefit
from it. For hospitalised infants, benefits include reduced
rates of healthcare-associated infections (HAI) and necrotising
enterocolitis (NEC).["?' Neonatal sepsis, which encompasses HAI, is
among the top three causes of neonatal mortality worldwide.®’ HAI
also impacts morbidity, length of stay and cost of care.!! Acquiring
a balanced microbiome from the mother during breastfeeding and
skin-to-skin contact, supported by bioactive factors in breast milk,
is crucial in preventing HAL 124!

To support breastfeeding, many hospitals have implemented the 10
steps to successful breastfeeding outlined by the mother-baby-friendly
hospital initiative (MBFHI). These steps include policies aligned with
the International Code of Marketing of Breast Milk Substitutes, a
written infant feeding policy, staff training to support breastfeeding,
immediate skin-to-skin, promoting ‘rooming-in, teaching mothers
to recognise feeding cues, and avoiding breastmilk substitutes unless
medically indicated.® Research from the World Health Organization
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indicates that mortality risk in the first 28 days of life is 33% higher if
breastfeeding starts 2 - 23 hours post delivery, compared to within the
first hour. This risk more than doubles if initiated after the first day."
Unfortunately, COVID-19 visitation restrictions resulted in decreased
breast milk feeding during some periods, particularly across the four
COVID-19 waves in South Africa, namely 7 June - 22 August 2020,
15 November 2020 - 6 February 2021, 9 May - 18 September 2021 and
28 November 2021 - 5 February 2022, respectively.

Mother-baby-pairs faced separation for various COVID-19-
related reasons. Direct separation occurred when COVID-positive
mothers were too ill to care for their babies, or when babies born
to COVID-positive mothers required admission. Indirect reasons
included the no/limited visitation policies adopted by the hospital
on 26 March 2020, closure of the kangaroo-mother-care (KMC)
facility at a neighbouring hospital on 28 March 2020 and closure
of the mother lodger facility on 1 July 2020. The KMC facility was
closed as this neighbouring hospital closed because the hospital
was designated solely for COVID-19 care; it was re-opened in
September 2022 after being closed for two-and-a-half years.
The mother lodger facility, closed after a COVID-19 outbreak,
was re-opened on 6 October 2020, with limited capacity. These
visitation restrictions and facility closures contravened MBFHI
recommendations.
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During the COVID-19 pandemic, the units visitation policy
underwent multiple changes in accordance with the South African
COVID-19 lockdown, five-level alert system, and COVID-19
waves. The alert level system was based on COVID-19 spread
(epidemiological trends) and health system readiness to respond
to the burden of disease. A complete ban on visitation was
implemented in March 2020, coinciding with South Africa’s
strictest lockdown, along with a halt on expressing mothers’ breast
milk owing to contamination fears. As positive cases decreased,
visitation increased but, during the second wave in December
2020, restrictions tightened again. Although expressing breast
milk was encouraged, formula and donor-expressed breast milk
(DEBM) were used when necessary. Restrictions eased after
the second wave, but returned during the third wave. The unit
reopened to visitors from home in August 2021.

The primary objective of the present study was to assess whether
decreased breast milk feeding, accompanied by increased formula
use, was associated with increased culture-positive HAI and
NEC in this unit during the COVID-19 pandemic. Secondary
objectives included examining the impact on antenatal care (ANC),
deliveries, bed occupancy, neonatal deaths and outpatient services.

Methods

Study design and setting

This research formed part of the Tshwane Maternal-Child COVID-19
study. All neonates admitted to the Steve Biko Academic Hospital
neonatal unit were included in this study. This tertiary neonatal
unit provides medical and surgical care to neonates from Tshwane
and surrounding provinces. The neonatal unit consists of 39 beds,
which include 10 neonatal intensive care beds; however, this unit is
usually full to above capacity. For this study, ‘pre-COVID-19’ refers
to April 2019 - March 2020, ‘COVID-year-1’ (COVID-Y1) to April
2020 - March 2021, and ‘COVID-year-2’ (COVID-Y2) to April
2021 - March 2022. Data for the neonatal unit were extracted from
its database, while outpatient information was obtained from the
outpatient register.

Variables

Formula purchases data were acquired from the dietetics
department. Culture results (blood, urine, cerebral spinal fluid)
for diagnosing bacterial and fungal HAI were confirmed using
the National Health Laboratory Service database. Abdominal
radiographs for diagnosing NEC (modified Bell’s criteria grade
2 and 3) were reviewed by three resident neonatologists, with
uncertain cases confirmed by reviewing the file. Infants with
NEC from other facilities or with additional risk factors, such as
congenital cyanotic heart disease, were excluded from the analysis
(n=9). The hospital’s Perinatal Problem Identification Programme
(PPIP) analysed neonatal deaths, deliveries and ANC attendance.
] Feeding practices were extracted from the Vermont Oxford
Network (VON) database."” Ethics approval was obtained from
the Research Ethics Committee of the Faculty of Health Sciences,
University of Pretoria (ref: 822/2020), and the National Health
Research Database (ref: GP_202011_076).

Statistical analysis

For statistical analysis, proportions for COVID-Y1 and COVID-Y2
were compared with pre-COVID-19 statistics using a 2-sided z-test.
Continuous data were tested for normality using the Shapiro-Wilk
test. As the data were not normally distributed, the Mann-Whitney
U-test was used to compare birthweight between years. A p-value
<0.05 indicated statistical significance.

120

Results

The median birthweight of admitted infants pre-COVID-19 was
2 008 g (interquartile range (IQR) 1 530 - 2 804 g), compared with
2166 g (IQR 1 564 - 2 880 g) in COVID-Y1 (p=0.110) and 2 189 g
(IQR 1 630 - 2 900 g) in COVID-Y2 (p=0.010). No significant
differences were found between birthweight categories (Table 1).

Infant feeding

Separation of mother-baby pairs led to failure of exclusive
breastfeeding, with increased formula use. VON data comparing
pre-COVID-19 (2016) with COVID-19 (2021) indicates that
breastfeeding decreased, while exclusive formula feeding increased.
From 2016 to 2021, exclusive breastfeeding decreased from 72.9%
to 47.0% (p<0.001), mixed feeding increased from 5.5% to 17.6%
(p<0.001) and exclusive formula feeding increased from 5.1% to
25.4% (p<0.001) at discharge. This increase in formula feeding is
supported by the dietetics department stock report for formula milk
purchases (an indirect indicator of formula use). The use of preterm
ready-to-use formula increased by 37.5% in COVID-Y1 and 25%
in COVID-Y2 compared with pre-COVID-19 (both p<0.001). The
use of preterm formula in tins in the dietetics outpatient service
increased by 26.3% in COVID-Y1 and 84.2% in COVID-Y2 (both
p<0.0001), while for term formula in tins the increase was 77.8%
in COVID-Y1 (p<0.001) but returned to pre-COVID-19 levels in
COVID-Y2. This was accompanied by an increase in DEBM use
during the pandemic; although only infants weighing <1 300 g
qualified owing to limited supply. The number of infants receiving
DEBM per year pre-COVID-19 was 93 (7.8% of admissions), which
increased to 102 (11.6% of admissions, p=0.003) in COVID-Y1 and
108 (10.4% of admissions, p=0.032) in COVID-Y2.

HAl and NEC incidence
The HAT incidence per year, influenced by the number of admissions,
significantly increased in COVID-Y1 and COVID-Y2 when
compared with pre-COVID-19 (8.1% pre-COVID-19; 11.6% in
COVID-Y1 (p=0.008); and 12.0% in COVID-Y2 (p=0.002) (Table 2).
For NEC incidence, the overall percentages of neonates diagnosed
with NEC per year was not significantly different between pre-
COVID-19, COVID-Y1 and COVID-Y2 (2.2%, 2.9% and 2.6%,
respectively). In very low-birthweight (VLBW) infants (<1 500
g), NEC incidence rose from 7.0% pre-COVID-19 to 8.9% during
COVID-Y1 (p=0.447) and down to 5.7% during COVID-Y2
(p=0.576). In infants =1 500 g, NEC incidence increased from 0.7%
pre-COVID-19 to 1.2% in COVID-Y1 (p=0.313) and significantly to
1.8% in COVID-Y2 (p=0.036) (Table 2).

Neonatal mortality

PPIP data indicated that neonatal mortality related directly to HAI
increased during the pandemic; significantly in COVID-Y1 (16.4%
V. 29.1%, p=0.013), but not in COVID-Y2 (16.4% v. 23.9%, p=0.126).
Conversely, the overall neonatal mortality rate (NMR) decreased
significantly from 48.9 deaths per 1 000 live births pre-COVID-19 to
35.2in COVID-Y1 and 32.5 in COVID-Y2 (both p<0.001). However,
there was no significant difference in in-hospital neonatal mortality
rate per 1 000 admissions between pre-COVID-19, COVID-Y1 and
COVID-Y2 (127.2 v. 133.0, p=0.697 and 127.2 v. 112.5, p=0.285,
respectively).

Admissions, bed occupancy and outpatient services

The strictest lockdown (26 March - 31 May 2020) led to decreased
admissions and bed occupancy during COVID-Y1. Average bed
occupancy, calculated as a percentage of the approved neonatal
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Table 1. Birthweight categories of infants admitted to the neonatal unit during the study period

Pre-COVID-19 COVID-Y1 COVID-Y2
Birthweight (n=1 145), n (%) (n=870), n (%) p-value* (n=1039) p-value’
Median birthweight (g) IQR) 2008 (1 530 - 2 804) 2166 (1 564 - 2 880) 0.11 2189 (1 630 - 2 900) 0.010
<1000g 91 (7.9) 53 (6.1) 0.11 62 (6.0) 0.070
1000-1499 g 180 (15.7) 137 (15.7) 0.98 145 (14.0) 0.246
1500-2499 g 483 (42.2) 371 (42.6) 0.83 442 (42.5) 0.865
22500 g 391 (34.1) 309 (35.5) 0.52 390 (37.5) 0.099

Birthweight not documented in 40, 10 and 1 infants in the pre-COVID-19 period, COVID-Y1 and COVID Y2, respectively.

*Pre-COVID-19 v. COVID-Y1.
"Pre-COVID-19 v. COVID-Y2.
IQR = interquartile range.

Table 2. Number of episodes and incidences of neonatal HAI and NEC and neonatal mortality data, comparing the pre-COVID-19

period to COVID-Y1 and COVID-Y2

Pre-COVID-19 COVID-Y1 COVID-Y2
Variable (1-year period), n (%) (1-year period), n (%) p-value* (1-year period) p-value’
HALI episodes and incidence in 97 (8.1) 102 (11.6) 0.01 125 (12.0) 0.002
admitted neonates*
NEC episodes and incidence 25(2.2) 25(2.9) 0.32 27 (2.6) 0.522
(all admitted neonates)
NEC episodes and incidence 19 (7.0) 17 (8.9) 0.45 12 (5.7) 0.576
(admitted neonates with BW
<1500 g)
NEC episodes and incidence 6(0.7) 8(1.2) 0.31 15 (1.8) 0.036
(admitted neonates with BW
>1 500 g)
HAI mortality/year in admitted 25 (16.4) 34(29.1) 0.01 28 (23.9) 0.126
neonates®
NMR (per 1 000 live births at 48.9 35.2 <0.001 32.5 <0.001
the hospital)
In-hospital NMR (per 1 000 127.2 133.0 0.70 112.5 0.285

neonatal admissions)

*Pre-COVID-19 v. COVID-Y1.

Pre-COVID-19 v. COVID-Y2.

*P-values are for the percentage (HAI incidence), not the absolute number.
‘Percentage of all neonatal deaths.

HAI = healthcare-associated infection; NEC = necrotising enterocolitis; BW = birthweight; NMR = neonatal mortality rate.

beds, dropped from 115% pre-COVID-19 to 103% in COVID-Y1
(p=0.048); with the lowest occupancy from April to August 2020
(72% - 97%). However, bed occupancy returned to baseline (118%)
in COVID-Y2. Monthly admissions fell from an average of 100
pre-COVID-19 to 73 in COVID-Y1 (p<0.001) and 87 in COVID-Y2
(p=0.001). The proportion of neonates (of the total deliveries)
admitted per year also decreased during COVID-Y1 and COVID-Y2
compared with pre-COVID-19 (24.9%, 27.3% and 35.8%,
respectively; both p<0.001). Access to neonatal follow-up services
was restricted, in keeping with hospital policy. Monthly outpatient
follow-ups dropped from an average of 151 pre-COVID-19 to 62 in
COVID-Y1 and 60 in COVID-Y2, (both p<0.001), representing an
approximately 60% decrease in services.

Deliveries

Despite multiple COVID-19 lockdowns, the number of deliveries at
the hospital increased significantly in both COVID-Y1 (n=3 541)
and COVID-Y2 (n=3 810) compared with pre-COVID-19 (n=3
339, p=0.003 and p<0.001, respectively). Deliveries by caesarean
section (CS) decreased during the pandemic, notably in COVID-Y2
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(52.9% v. 57.2%, p<0.001) while changes from pre-COVID-19 to
COVID-Y1 were not significant (56.3% v. 57.2%, p=0.453). The
number of infants born outside the health facility (born before
arrival (BBA)) per year increased from 36 pre-COVID-19 to 51 in
COVID-Y1 and 76 in COVID-Y2. The BBA incidence, determined
by the number of births at the hospital, increased significantly in
COVID-Y2 (1.1% pre-COVID-19 v. 1.4% COVID-Y1, p=0.180
and 1.1% pre-COVID-19 v. 2.0% COVID-Y2, p=0.002). Mothers
who did not attend ANC increased from 178 (pre-COVID-19) to
205 (COVID-Y1) to 229 (COVID-Y2) per year. However, when
considering the number of deliveries, the non-attendance of ANC
increased only slightly per year (5.7% v. 6.0%, p=0.516 and 5.7% v.
6.3%, p=0.289, respectively).

Discussion

To our knowledge, this is the first study to report on neonatal outcomes
in South Africa during the COVID-19 pandemic, highlighting
its negative indirect impact. The neonatal unit adhered to the
National Department of Health’s COVID-19 response framework
and guidelines for maternal and neonatal care during a crisis,
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which restricted mothers from visiting or breastfeeding admitted
babies,*! despite limited evidence supporting this policy. These types
of visitation restrictions were observed globally, with disruptions
in family-centred care, including breastfeeding and skin-to-skin."!
However, some argued that parents should not be considered as
visitors, emphasising that preventing parental visitation violates
children’s rights, and that separation should be minimised.!'*!"]

Effect on breastfeeding

In a bi-national survey performed in the United Kingdom (UK) and
the United States of America between May and August 2020, it was
found that 62% of parents reported that visitation restrictions during
the COVID-19 pandemic limited time with their baby, with 36%
noting adverse effects on breastfeeding. Additionally, 41% felt the
restrictions hindered bonding with their baby.'?! Another UK survey
stated that 69% of parents indicated that their mental health had
deteriorated owing to their experience during the admission."! This
highlights that visitation restrictions during the pandemic harmed
both infants and parents, with indirect effects surpassing the direct
effect of COVID-19 infections.

Breastfeeding failure was implied by increased purchases and
use of preterm and term formula during the pandemic. This
trend persisted post discharge, as evidenced by increased use of
preterm formula tins for outpatient management of poor growth in
discharged infants in this period.

Effect on HAl and NEC

The significant increase in HAI incidence from pre-COVID-19 to
both COVID-Y1 (8.1% v. 11.6%) and COVID-Y2 (8.1% v. 12.0%) is
likely related to reduced breast milk use, as indicated by the VON,
and increased purchase of term and preterm formula. The risks for
HAI are multifactorial, and mother-infant separation and changes
in the infant microbiome likely contributed.?* The increase in
the HAI incidence was an unexpected finding as increased hand
hygiene and less overcrowding should have resulted in a decrease in
HAIL However, this was likely offset by the concomitant increase in
formula use. Dutta et al. reported a significant decrease in neonatal
sepsis during the pandemic (2.5% pre-lockdown v. 1.5% during
lockdown, p=0.038) attributed to increased vigilance in hand-
washing and wiping of surfaces.!” In Italy, Indrio et al. found no
significant change in the overall incidence of late-onset sepsis in
VLBW infants when comparing pre-COVID-19 (2019) with the
pandemic (2020) (22.4% v. 17.9%, p=0.177); however, one unit with
a high baseline incidence of late-onset sepsis in VLBW infants saw a
significant reduction (43.6% v. 26.6%, p=0.030) owing to COVID-19
hygiene measures.!"!

The overall incidence of NEC did not change significantly
between pre-COVID-19 and COVID-pandemic periods, which
was unexpected. Notably, the incidence of NEC in VLBW infants
did not increase significantly during COVID-19, despite the overall
increased use of preterm formula compared with pre-COVID-19.
An explanation is that infants weighing <1 300 g were preferentially
fed DEBM when the mother’s own milk was insufficient. However,
NEC occurred more often in infants weighing >1 500 g at birth
during COVID-Y2 as compared with pre-COVID-19, likely related
to increased formula use in this population (infants >1 300 g did not
qualify for DEBM). Indrio et al. showed no significant difference in
NEC incidence in VLBW infants when comparing pre-COVID-19
with the pandemic (4.6% v. 4.5%, p>0.999).[' In Indonesia, a study
on newborn infants born to COVID-19-positive mothers, found
that a higher proportion of infants who developed NEC tested
positive for COVID-19 themselves, compared with those who did
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not develop NEC (40% v. 4.2%, p=0.007).""! The numbers in this
study were small, and more data from larger studies are required
to confirm this finding, although other case reports suggesting this
association are available. In contrast, all inborn infants in our study
born to COVID-19-positive mothers tested negative for COVID-19
after delivery. Other authors have suggested that in-utero COVID-19
exposure is a risk for developing NEC,'*'"”! a finding which the
current study can neither prove nor disprove.

Effect on admissions and bed occupancy

The decrease in the NMR during COVID-Y1 (35.2 per 1 000 live
births) and COVID-Y2 (32.5 per 1 000 live births), compared with
pre-COVID-19 (48.9 per 1 000 live births), may partly be attributed
to the limited transfer of outborn infants into the unit during the
pandemic, which typically includes critically ill infants with higher
mortality risk. This contrasts with a study in Nepal that reported a
significant increase in the NMR from 13 to 40 deaths per 1 000 live
births pre-lockdown and during lockdown, respectively (p=0.002).
118l However, the in-hospital neonatal mortality rate in our study was
not significantly different from pre-COVID-19 to COVID-Y1 and
COVID-Y2 (127.2v. 133.0 v. 112.5 per 1 000 neonatal unit admissions,
respectively), suggesting that the quality of care did not deteriorate
during the pandemic.

The decrease in admissions from 1 195 per year pre-COVID-19
to 880 and 1 040 in COVID-Y1 and COVID-Y2, respectively, was
likely secondary to decreased movement across the international and
inter-provincial borders during lockdown, as well as the repurposing
of the neighbouring hospital as a COVID-19-dedicated hospital
with reduced routine maternity services. Outborn infant admissions
were also restricted under the hospital's COVID-19 policy, adversely
affecting access to tertiary neonatal services and potentially increasing
adverse outcomes in the district and surrounding areas. This contrasts
with the Indian study that reported a significantly increased proportion
of infants admitted during lockdown compared with pre-lockdown
(29.2% v. 18.1%, p<0.001), although total admissions decreased slightly
(497 admissions v. 474 admissions).*! Although bed occupancy in our
study decreased significantly from pre-COVID-19 to COVID-Y1
(115% v. 103%), it returned to baseline in COVID-Y2 (115% v. 118%).
It is important to note that bed occupancy is not only influenced by
the number of admissions, but also by the infant’s length of stay. This
suggests infants were admitted longer in COVID-Y2, possibly owing
to healthcare workers discharging infants more readily in COVID-Y1
to reduce mother-infant separation, whereas restrictions on parental
visitation were less stringent in COVID-Y2.

Effect on deliveries

The increase in deliveries likely resulted from the closure of the
neighbouring hospital’s obstetric unit owing to COVID-19 repurposing,
highlighting the interdependence of health facilities. This contrasts
with other studies which reported a sharp decrease in institutional
deliveries by 40% and 52.4% during the COVID-19 lockdown. This
was attributed to restricted public transport, movement and the fear
of COVID-19 transmission at healthcare facilities."*'*! The decrease
in CS rates in our study may stem from the requirement of a negative
COVID-19 test before elective surgery, delaying delivery and possibly
resulting in more vaginal births. Additionally, there was an increased
risk for theatre staff when performing a CS on COVID-19-positive
mothers, hence a preference for vaginal births, where possible. This
aligns with a survey from June 2020 that reported a decrease in
elective CS among healthy maternity patients in both high- and low-
and-middle income countries.™ Conversely, Ashish et al. reported
a significantly higher proportion of women receiving CS during
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lockdown (24.5% pre-lockdown v. 26.2% during lockdown, p=0.008).
8 The increase in the number of babies born outside the health
facility during the pandemic indicates limited access to transport
and ambulance services. Ahmed et al. also reported more home
births, attributed to fears of leaving home during lockdown, leading
to decreased healthcare facility births.”?” This study also showed a
reduction in mothers attending ANC during the pandemic,* similar
to our study.

Study limitations

The present study’s retrospective design limited data availability, such as
gestational age and feed type for each infant, which were not routinely
recorded pre-COVID-19. Additionally, limited administrative staff
during the pandemic may have led to underreporting of DEBM use.
The study was observational in design, with observed patterns not
necessarily implying causation.

Conclusion

Evidence confirms the protective effects of breastfeeding,?and the
separation of mothers and infants during the pandemic undermined
nearly all of the MBFHI recommendations, compromising the
protection, promotion and support of breastfeeding in the neonatal
unit.

Interruption of breastfeeding and attachment early after delivery
can have long-lasting devastating effects. This study highlights the
indirect impact of the COVID-19 restrictions, showing increased
incidences of HAI, NEC and related deaths in the neonatal unit.
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