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Neonatal mortality (death in the first 28 days of life) has been 
a major  contributor to under-5 mortality in South Africa 
(SA), accounting for a third of under-5 deaths in 2015.[1] As 
a result of improvements in management of HIV, pneumonia 
and gastroenteritis,[2] under-5 child mortality in SA decreased 
dramatically over the last 20 years, from a peak of 80 deaths per 
1  000 live births at the height of the HIV epidemic in 2004[3] to 
34 deaths per 1 000 live births in 2018.[2] However, neonatal mortality 
in SA has remained static at 11 - 12 deaths per 1 000 live births for 
nearly 20 years,[2,3] so the relative contribution of neonatal mortality 
to total under-5 mortality has increased from 14% in 2002 to 32% in 
2018.[2] Neonatal mortality must be addressed if SA is to meet target 
3.2.1 of the Sustainable Development Goals (SDGs) by 2030, namely 
under-5 child mortality of <25 deaths per 1 000 live births.[1] 

The leading causes of under-5 mortality in SA are prematurity, 
asphyxia, HIV/AIDS, pneumonia and diarrhoeal diseases;[1,3] 
neonatal sepsis is also a major contributor to both early (day 
1 - 7) and late (day 8 - 28) neonatal deaths (NNDs).[4] Much 
research into the cause of NNDs in SA and potential modifiable 
factors has been undertaken. Most pooled NND surveys focus on 
causes of early NNDs, and late NNDs are under-reported.[5,6] In a 
retrospective database review of 142 hospitals between October 
1999 and September 2003, Velaphi and Pattinson[7] described 4 502 
NNDs. Prematurity accounted for 35% of deaths and 32% of deaths 
were due to asphyxia-hypoxia. Early continuous positive airway 
pressure (CPAP)[8] and exogenous surfactant therapy[9] has improved 
survival of extremely low-birthweight (ELBW) neonates in tertiary 
neonatal units. High-flow nasal cannula (HFNC) oxygen has been 
used for preterm neonates instead of CPAP with good results.[10] 

Furthermore, there is evidence that outborn neonates transferred to 
tertiary neonatal centres have worse outcomes than inborn neonates.
[11] However, there is little evidence regarding impacts of these recent 
improvements in neonatal care on neonatal mortality outside of 
tertiary academic centres. Also, outcomes of transfer of outborn 
neonates to non-tertiary neonatal units, where most neonatal care in 
SA is delivered, have not been reported. 

For these reasons, we aimed to investigate neonatal mortality in a 
level-2 neonatal unit in Cape Town, SA, to better understand causes 
of early and late neonatal mortality, and to analyse inborn v. outborn 
neonatal mortality. 

Methods
New Somerset Hospital (NSH) is a level-2 hospital in Cape Town, 
SA. NSH performs about 6 000 deliveries per year, and receives 
referrals from a wide geographical area, including local urban 
primary-level delivery facilities, and remote rural hospitals up to 
200 km away. CPAP, surfactant and short-term ventilation (<3 days) 
are offered; HFNC oxygen was introduced in 2015, but long-
term ventilation (≥3 days), high-frequency oscillatory ventilation 
(HFOV), inotropic support, and total parenteral nutrition are not 
available. Neonates who require escalation of neonatal care are 
referred to the tertiary hospital, Groote Schuur Hospital (GSH); 
neonates requiring surgical intervention are referred to Red Cross 
War Memorial Children’s Hospital (RCWMCH). Neonates born at 
other facilities and transferred to NSH were considered ‘outborn’.

A database of all NNDs was maintained by the lead consultant in 
the neonatal unit. Approval to maintain the database was obtained 
from the University of Cape Town (UCT) Human Research Ethics 
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Committee (HREC ref. no. 391/2011). The neonatal mortality 
database included all neonates who died either on-site at NSH, or 
after transfer to a level-3 facility (GSH or RCWMCH); information 
about NNDs was captured in real time by doctors (registrars and 
medical officers) into a file kept in the neonatal high care unit 
(HCU), and entered into a password-protected database (initially 
an Excel spreadsheet, then an Access database) by the neonatal 
consultant on a weekly basis. Variables included gestational age, 
weight, sex, mode of delivery, and HIV exposure status. Data 
on early NNDs were submitted to the local co-ordinators of the 
Perinatal Problem Identification Program (PPIP), a structured 
national project for district-level longitudinal tracking of stillbirths 
and early NNDs.[4] Deaths were coded according to categories used 
by the PPIP for main causes of death (immaturity, hypoxia, sepsis, 
congenital anomalies and other). Birthweight was considered in the 
following categories: ≥2 500 g, 1 500 - 2 499 g, 1 000 - 1 499 g and 
<1 000 g. The survival status of neonates after transfer to level 3 
was determined and entered monthly. An anonymous de-identified 
subset of data without any personal identifiers was analysed by the 
investigators. This analysis was restricted to deaths occurring in the 
first 28 days of life. NNDs that occurred in the labour ward were 
excluded, as the neonates had never been admitted to the neonatal 
unit. The study was approved by the UCT Human Research Ethics 
Committee (HREC ref. no. 71/2019). Permission to conduct the 
study was granted by the chief executive officer of NSH.

Statistical analysis
Categorical variables were compared as percentages and proportions, 
and by χ2 test; means were compared by t-test. Continuous variables 
were presented as median and interquartile range (IQR) as they 
were not normally distributed, and compared by Mann-Whitney U 
test. Frequency tables, histograms and basic analyses were generated 
in Microsoft Excel (Microsoft Corp., SA); medians and IQRs were 
calculated in Stata version 16 (StataCorp, USA).

Results
NNDs from 2011 to 2018 were compiled, with the exclusion of 2014, 
owing to incomplete data capturing for several months of that year 
(supplementary Table  1). In the 7 years under review, there were 
46 441 births at NSH, and 8 166 admissions to the neonatal unit: 6 
205 (76%) of the neonatal admissions were inborn and 1 961 (24%) 
were transferred in from other birth units. There were 296 neonatal 
deaths associated with NSH HCU; 219 (74%) were inborn and 77 
(26%) were outborn, either born before arrival or transferred in 
from a level-1 facility or maternal obstetric unit (Table 1). Most of 
the deaths (221; 75%) occurred at NSH, but 75 (25%) occurred after 
transfer to another unit. There were 171 (58%) males. Median (IQR) 
birthweight was 1 140 (790 - 2 420) g; birthweights for nearly half the 
deaths (130; 44%) were <1 000 g. Median (IQR) gestation of neonates 
who died was 29 (25 - 38) weeks, with no significant difference 
between inborn and outborn (p=0.86). Overall, the majority of 
neonates (181; 61%) who died were delivered by normal vertex 
delivery (NVD) and were not HIV exposed (220; 74%). Median 
(IQR) age at death was day 1 (1 - 4) for outborn v. day 2 (1 - 4) for 
inborn (p=0.20). 

‘Immaturity’ was the most commonly coded cause of death (132; 
45%); this category included neonates who had been recorded as 
having extreme prematurity (94; 32%), hyaline membrane disease 
(31; 11%) and preterm intraventricular haemorrhage (7; 2%). 
‘Perinatal hypoxia’ included hypoxic ischaemic encephalopathy 
(32; 11%) and meconium aspiration syndrome (MAS) with or 
without persistent pulmonary hypertension of the newborn (PPHN) 

(25; 8%). Perinatal hypoxia was a more common cause of death 
among inborn neonates (54/219; 25%) compared with outborn 
neonates (13/77; 17%), but this difference was not statistically 
significant (p=0.16). Infection-related causes included 19 cases (6%) 
of necrotising enterocolitis (NEC), 2 of which had an organism 
identified (one each of Serratia marcescens and Escherischia coli) 
and 17 were culture-negative. There were 38 neonatal deaths due 
to non-abdominal sepsis; 31/38 (82%) were culture-negative. Those 
with positive cultures included 3 cases of Pseudomonas aeruginosa, 
and 1 case of each of Streptococcus agalactiae, Candida albicans, 
Enterobacter cloacae, and a mixed infection of Klebsiella pneumoniae 
and Acinetobacter baumanii. There were four (1%) neonatal deaths 
due to congenital syphilis. Infection-related causes of death were 
more common among outborn neonates (25/77; 32%) v. inborn 
neonates (36/219; 16%) (p=0.003). Of the 30 neonates who died 
with congenital abnormalities: there were 4 with trisomy 18; 12 
had multiple anomalies but not a recognisable syndrome; 7 had 
congenital cardiac lesions, 2 of whom also had trisomy 21; 5 had 
pulmonary hypoplasia; and 1 each had a central nervous system 
lesion and congenital anaemia. The category of ‘other’ causes of death 
included 4 neonates who had haemorrhages (1 subaponeurotic, 
1  intracerebral, 2 other exsanguinating haemorrhages) and 2 with 
metabolic disorders. 

Among neonates of different of birthweight categories, there were 
differences in method of delivery and cause of death: most ELBW 
deaths (107/130; 82%) followed NVD, and immaturity was the main 
cause of death (104/130; 80%); whereas for deaths where birthweight 
was >2 500 g, hypoxia was the main cause (50/72; 69%) and 
caesarean section was the most common delivery method (39/72; 
54%) (Table 1). There were no significant differences in age at death 
among neonates of different birthweight categories.

Throughout the study period, antenatal HIV prevalence among 
pregnant women remained constant at about 20%; there were similar 
numbers of deaths of HIV-exposed neonates in all weight categories 
(Table  1). A higher proportion of HIV-exposed neonates died 
owing to infectious causes (26/61; 43%) compared with other causes 
(50/235; 21%) (p=0.001) (supplementary Fig. 1).

There was a gradual trend towards a decreasing number of NNDs 
(from 48 in 2011 to 34 in 2018) and rate of deaths (from 45.2/1 000 
admissions to 28.2/1 000 admissions (Table  2). This was largely 
driven by decreased deaths due to immaturity, from 27 (56%) in 
2011 to 15 (44%) in 2018 (Fig.  1); deaths among ELBW neonates 
decreased from 25 (52%) to 12 (35%) (Table 2). The number of deaths 
in other birthweight categories and due to other causes remained 
approximately constant (Table 2). The mean number of deaths due 
to immaturity before 2014 (25.3 per year) was significantly less than 
the mean number of deaths after 2014 (14.0 per year) (p=0.01). The 
decrease in number of deaths due to immaturity was more marked in 
neonates who were inborn (from 21 in 2011 to 11 in 2018) compared 
with those who were outborn (from 6 to 4) (supplementary Fig. 2). 
There were four deaths due to congenital syphilis prior to 2015 and 
none after 2015. Age at death after 2015 was lower (median (IQR) 
1 (1 - 5) day), compared with neonates born before 2015 (median 
(IQR) 2 (1 - 4) days) (supplementary Fig.  3), but this was not 
statistically significant (p=0.86).

Discussion
In this retrospective observational study, we observed decreasing 
numbers of NNDs and a decreased neonatal mortality rate among 
both inborn and outborn neonates; the decrease in number deaths 
was more marked for deaths due to immaturity than for other cause-
of-death codes. Over the same period of time, the NND rate in SA 
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remained almost unchanged (between 11 and 12 deaths per 1 000 
live births[2]); in Cape Town (Metro West), early NNDs decreased 
from 7.6 to 6.4 deaths per 1 000 live births (NSH 2018 PPIP report, 
Dr Lizel Jacobs, personal communication).

Possible reasons for the observed decrease in NNDs due to 
immaturity and in neonates in the lowest birthweight category 
through the course of the study period may be changes in policy 
regarding respiratory support for preterm neonates. Prior to 2015, 
neonates needing respiratory support received low-flow, non-
humidified, blended oxygen. Limited CPAP machines were available 
for neonates weighing >1 000 g and if gestation was at least 28 weeks. 
From 2015, warmed humidified blended HFNC oxygen was available 
for all neonates, irrespective of weight or gestational age. From 
2017, CPAP and surfactant were made available to neonates with 
birthweights >800 g if gestational age was at least 28 weeks. HFNC 
oxygen therapy in preterm infants has been associated with similar 
outcomes to nasal CPAP with fewer complications and less nasal 
trauma.[12] It is possible that the introduction of early HFNC oxygen 
in 2015 was associated with improved survival of preterm inborn 

neonates. The reason that deaths of outborn preterm neonates did 
not decrease to the same extent as inborn preterm neonates may be 
delays in transport from other facilities; neonates may have spent 
many hours receiving unheated non-humidified oxygen before 
admission to NSH, which may have caused hypothermia, atelectasis 
and lung inflammation.[11] Outborn neonates were also more likely 
to have died of infection-related causes: it is possible that potential 
improvements in respiratory care were mitigated by ongoing high 
risk of exposure to infection while in transit to NSH. It is difficult to 
see from these data whether decreasing the threshold to qualify for 
CPAP and surfactant in 2017 had any further impact on neonatal 
mortality. There had been some concern that introduction of HFNC 
oxygen in 2014 might prolong survival of ELBW neonates beyond day 
7, but that most of these neonates would subsequently die of NEC or 
sepsis. However, since we did not observe an increase in late deaths 
from other causes, and the age at death did not change throughout 
the study period, we believe that the observed decrease in early 
deaths due to immaturity is real, and is not simply due to shifting the 
mortality burden into a different category. There was some turnover 

Table 1. Characteristics of neonatal deaths by birthweight category
Birthweight  
<1 000 g N=130 
n (%)*

Birthweight  
1 000 - 1 499 g N=45  
n (%)*

Birthweight  
1 500 -2 499 g N=49  
n (%)*

Birthweight >2 500 g  
N=72  
n (%)*

Total N=296  
n (%)*

Place born
Inborn 97 (75) 31 (69) 36 (73) 55 (76) 219 (74)
BBA 14 (11) 7 (16) 3 (6) 4 (6) 28 (9)
Vanguard MOU 6 (5) 2 (4) 5 (10) 4 (6) 17 (6)
Vredenburg Hospital 6 (5) 1 (2) 2 (4) 6 (7) 14 (5)
Wesfleur Hospital 4 (3) 2 (4) 0 2 (3) 8 (3)
Other 3 (2) 2 (4) 3 (6) 2 (3) 10 (3)

Place died
NSH 127 (98) 25 (55) 28 (57) 41 (57) 221 (75) 
RCWMCH 0 3 (7) 6 (12) 2 (3) 11 (4)
GSH 3 (2) 16 (36) 14 (29) 29 (40) 62 (21)
Other 0 1 (2) 1 (2) 0 1 (0.7)

Male sex 78 (60) 25 (56) 28 (57) 40 (56) 171 (58)
HIV exposure status

Unexposed 97 (75) 31 (69) 36 (73) 36 (73) 220 (74)
Exposed 33 (25) 14 (31) 13 (27) 16 (22) 76 (26)

Delivery method 
Normal vertex delivery 107 (82) 20 (44) 26 (53) 28 (39) 181 (61)
Caesarean section 11 (8) 23 (51) 21 (43) 39 (54) 94 (32)
Vaginal breech 12 (9) 2 (4) 1 (2) 1 (1) 16 (5)
Forceps 0 0 0 4 (6) 4 (1)
Vacuum 0 0 1 (2) 0 1 (0.3)

Cause of death by PPIP category 
Immaturity 104 (80) 24 (53) 4 (8) 0 132 (45)
Hypoxia 0 4 (9) 13 (27) 50 (69) 67 (23)
Infection 25 (19) 15 (33) 14 (29) 7 (10) 61 (21)
Congenital anomaly 1 (1) 2 (4) 17 (35) 10 (14) 30 (10) 
Other 0 0 1 (2) 5 (7) 6 (2)

Age at death, days: median (IQR) 1 (0 - 4) 2 (1 - 6) 2 (1 - 5) 2 (1 - 3) 1 (1 - 4)
Neonatal death category

Early NND 108 (83) 35 (78) 41 (84) 66 (92) 250 (84)
Late NND 22 (17) 10 (22) 8 (16) 6 (8) 46 (17)

* Unless otherwise indicated.
BBA = born before arrival; MOU = midwife obstetric unit; NSH = New Somerset Hospital; GSH = Groote Schuur Hospital; RCWMCH = Red Cross War Memorial Children’s 
Hospital; PPIP = Perinatal Problem Identification Program; NND = neonatal death.
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in doctors working in the unit, but there was low turnover of nursing 
staff; there were no other major changes in practice or policy regarding 
management of perinatal hypoxia, suspected sepsis or other neonatal 
conditions during the period under review. 

The number of deaths due to hypoxia did not change much over 
the study period. Throughout the study period, NSH neonatal 
unit practised therapeutic hypothermia for moderate/severe 
hypoxic ischaemic encephalopathy, and used amplitude-integrated 
electroencephalograms to monitor cerebral function in neonates with 
brain injury. However, addressing deaths due to perinatal hypoxia 
will require obstetric interventions and labour ward management; 
improved neonatal care will not be sufficient to substantially reduce 
hypoxia-related deaths.[13] There were relatively more deaths due to 
hypoxia among inborn neonates compared with those referred in from 
other facilities. It is likely that the most severely brain-injured neonates 
who were born at other facilities demised within a few hours of life, 
before the ambulance transport could bring them to NSH. 

The striking decrease in hospital-related NNDs has not been 
seen in the annual PPIP reports. There are a number of reasons for 
this. PPIP reports early NNDs according to the delivery unit, and 
includes all neonates who die in the labour ward or after admission 
to a neonatal unit. In this analysis, as we were only considering 
in-hospital mortality in the neonatal unit, we excluded all labour-
ward deaths, but we included outborn neonates who were admitted 
to our unit if they subsequently died. For this reason, PPIP stats are a 
more sensitive longitudinal indicator of trends for delivery units and 
labour wards. The current analysis is better suited to detect trends in 
survival that are affected by changes in neonatal practice, not labour 
ward management.

There was a low rate of blood culture positivity among neonates who 
were attributed an ‘infection-related’ cause of death. Although the unit 
policy is to always draw blood for culture before starting or escalating 
antibiotics, it is possible that some critically ill neonates may have died 
before blood could be drawn, or that inadequate blood volumes were 
drawn.[14] This may have resulted in low culture positivity, or true 
pathogen growth may have been masked by skin contaminants.[15] It 
is also possible that some NNDs labelled as ‘infection-related’ may 
have been misclassified: neonates who had a clinical deterioration 

and demised may actually have had underlying cardiac or metabolic 
disease that was not diagnosed.

There is good evidence that both HIV-infected and HIV-exposed 
uninfected (HEU) infants have higher rates of infectious morbidity 
than HIV-unexposed infants.[16,17] However, the higher proportion of 
infection-related deaths among HIV-exposed neonates is difficult to 
interpret, as most neonates did not have nucleic-acid testing at the 
time of death. Universal antiretroviral therapy for pregnant women 
for prevention of mother-to-child transmission of HIV (PMTCT) 
was introduced in 2013[18] but universal birth polymerase chain 
reaction (PCR) testing was only introduced in 2015;[19] it is possible 
that some considered to be ‘HIV-exposed’ were actually HIV-
infected in utero, and already had profound immune compromise at 
the time of death. 

There are a number of important limitations of this data analysis. 
This was a retrospective review of an existing database; therefore 
no patient folders were reviewed or interrogated regarding possible 
adverse outcomes. We accepted the clinical judgement of the 
attending clinician at the time the data were captured regarding the 
likely cause and category of death. However, misclassification of 
causes of death is possible, as very few autopsies were performed. 
As mentioned above, cardiac or metabolic diseases may have been 
misclassified as ‘infection-related’ deaths. Annual total numbers 
of births in labour ward and admissions to the neonatal unit were 
available; however, as this was not disaggregated by birthweight 
categories, it is not possible to calculate a neonatal mortality rate 
per birthweight category as the denominator for each birthweight 
category is not known. It would have been valuable to calculate early 
and late NND rates by weight category, to observe if any changes 
occurred during the period under review. Data collection in 2014 
was obviously incomplete; for 11 months of that year the number of 
deaths was far below the mean number of deaths for the rest of the 
study period, and there were 3 months with no deaths recorded at all. 
It would have been inappropriate to include that year. 

However, it is possible that some deaths were missed and not 
entered into the database. The same paediatrician supervised the 
unit from the end of 2014 till 2018, and the same data capture 
systems were in place, but with a manual system of data capture and 
data entry, it is possible that some deaths may have been missed. 
PPIP does not capture access to neonatal therapies (HFNC, CPAP, 
surfactant, therapeutic hypothermia). It was not possible to compare 
impact of neonatal therapies within the neonatal unit over time as 
these data were not available. 

Conclusion
In this retrospective analysis of an existing database, we observed 
a decreasing number of NNDs over the period 2011 - 2018; 
the category with the largest decrease was inborn deaths due to 
prematurity, while all other numbers of deaths due to all other 
causes remained approximately the same. This period coincided 
with the introduction of HFNC oxygen into the neonatal unit, and 
subsequent expansion of CPAP eligibility criteria from 1 000 g to 
800 g. These advances in respiratory support may have contributed 
to some of the observed decreased deaths due to prematurity. 
Combinations of interventions may be required to reduce the 
residual burden of neonatal mortality in SA. Expansion of access 
to HFNC oxygen and CPAP may reduce deaths due to prematurity, 
but other upstream interventions, including improved access to 
antenatal care (like steroids for preterm labour) and other obstetric 
interventions in the labour ward will be required to address the 
residual burden of immaturity- and hypoxia-related causes of 
neonatal mortality.
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Other 1 (2) 1 (2) 2 (4) 1 (2) 1 (4) 0 0

Birthweight categories of neonatal deaths, n (%)
Inborn

<1 000 g 25 (52) 18 (38) 12 (21) 19 (42) 5 (18) 6 (16) 12 (35)
1 000 - 1 499 g 2 (4) 5 (10) 8 (14) 5 (11) 1 (4) 7 (19) 3 (9)
1 500 - 2 499 g 4 (8) 6 (13) 6 (11) 2 (4) 7 (25) 7 (19) 4 (12)
≥2 500 g 5 (10) 10 (21) 13 (23) 9 (20) 10 (36) 5 (14) 3 (9)

Outborn
<1 000 g 5 (10) 5 (10) 9 (16) 2 (4) 2 (7) 3 (8) 7 (21)
1 000 - 1 499 g 2 (4) 1 (2) 4 (7) 1 (2) 1 (4) 3 (8) 2 (6)
1 500 - 2 499 g 2 (4) 3 (6) 0 3 (7) 0 4 (11) 1 (3)
≥2 500 g 3 (6) 0 4 (7) 4 (9) 2 (7) 2 (5) 2 (6)

Age at death, days, median (IQR) 2 (1 - 4) 2 (1 - 4) 2.5 (1- 5) 1 (0 - 2) 1 (0 - 4) 1 (1 - 5) 1 (1 - 9) 
Neonatal death category, n (%)

Early NND 41 (85) 44 (92) 46 (82) 40 (89) 25 (86) 31 (84) 24 (71)
Late NND 7 (15) 4 (8) 10 (18) 5 (11) 4 (14) 6 (16) 10 (29)

Specific causes of death, n (%)
HIE 3 (6) 6 (13) 6 (11) 5 (11) 6 (21) 3 (8) 3 (9)
MAS/PPHN 5 (10) 3 (6) 4 (7) 2 (4) 3 (11) 5 (13) 3 (9)
NEC 4 (8) 3 (6) 5 (9) 4 (8) 0 3 (8) 0
Congenital syphilis 1 (2) 1 (2) 2 (4) 0 0 0 0
Other sepsis 4 (8) 3 (6) 6 (11) 6 (13) 3 (11) 6 (16) 10 (29)
HIV exposed 7 (15) 9 (19) 15 (27) 14 (31) 4 (14) 15 (41) 12 (35)

PPIP = Perinatal Problem Identification Program; NND = neonatal death; HIE = hypoxic ischaemic encephalopathy; MAS = meconium aspiration syndrome; 
PPHN = persistent pulmonary hypertension of the newborn; NEC = necrotising enterocolitis.
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