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Abstract  

Background   

Obstetric factors can impact pregnancy outcomes such as neonatal morbidity, 

mortality and near miss. Neonatal near miss has not been well documented in our 

environment.   

  

Objective  

We investigated the association between maternal socio-biological and obstetric 

characteristics and neonatal near miss at a teaching hospital in  

Johannesburg, South Africa.  

  

Methods  

A case-control study of 744 mother-infant pairs was conducted at a public mother 

and child hospital in Johannesburg, South Africa, from 1 January 2016 to 31 

December 2016. Maternal Socio-demographic and obstetric factors of 372 cases of 

neonatal near miss and 372 cases of normal babies were obtained from clinical 

records. The annual neonatal near miss rate was calculated by dividing the number 

of near miss cases by total deliveries, for 2016. Descriptive statistics was conducted. 

We respectively used Pearson’s Chi-Square, Mann Whitney U and Student’s t-test, 

to compare categorical and continuous variables among the neonatal outcomes. 

Univariable and multivariable logistic regression was conducted to assess for factors 

associated with neonatal near miss.  

  

Results  

The neonatal near miss rate was 110 per 1000 deliveries for 2016. The mean 

maternal age and median parity for our study population were 28.07 (±5.97) years 
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and 2(IQR: 1-2) respectively. After multivariable logistic regression, advanced 

maternal age (OR=2.65, 95%CI:1.10-6.41, P-value=0.029), substance abuse 

(OR=4.48, 95%CI:1.54-13.05, P-value=0.006), underweight (OR=4.40, 95%CI:1.22-

15.80, P-value=0.023), preterm delivery ≤33+6 weeks (OR=4.56, 95%CI:1.92-10.83, 

P-value=0.001), pregnancy specific antenatal disorders (OR=5.19, 95%CI:2.61-

10.30, P-value<0.001), delivery by interns (OR=44.7 95%CI:2.27-880.06) and 

registrar doctors (OR=5.91 95%CI:1.61-21.74, P-value=0.008), had statistically 

significant association with neonatal near miss. Elective (Adjusted OR=0.22, 

95%CI:0.06-0.88, P-value=0.032) and emergency (Adjusted OR=0.19, 

95%CI:0.050.69, P-value=0.012) caesarean section deliveries, were respectively 

associated with reduced neonatal near miss risk. 

  

  

Conclusion  

This study identified risk factors of neonatal near miss in our environment, to improve 

policy and care. Elective and emergency caesarean delivery appear to be protective 

against neonatal near miss. Health policy interventions should be initiated to reduce 

and mitigate the impact of neonatal near miss in our environment. 
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1 INTRODUCTION  

  

In 2015, more than 2.7 million deaths occurred in the neonatal period [1,2]. Neonatal 

mortality accounts for about 70% of the global burden of infant mortality [2]. At the 

conclusion of the millennium development goals in 2015, South Africa and most of 

the low and middle-income countries did not achieve a reduction in neonatal 

mortality to the expected target [3]. However, the Sustainable Development Goal 3.2 

targets a reduction in the neonatal mortality rate (NMR) to 12 per 1000 births by 

2030 [1]. Therefore, efforts geared towards preventing neonatal morbidity and 

mortality are of immense public health significance. In order to further reduce global 

and regional neonatal mortality, the concept of identifying and preventing neonatal 

near miss was initiated [1,4,5].  

 

A neonatal near miss (NNM) can be defined as a neonate, within the first 28 days of 

life, who has significant morbidity and would otherwise die but survives either by 

chance or due to medical intervention [2,6]. The concept of NNM is analogous to that 

of maternal near miss, that is utilized to audit and monitor contemporary maternity 

practice. Likewise, NNM can be used to assess prenatal and intrapartum care in 

cases with severe neonatal morbidity [7]. Previously, some research focused on 

assessing neonatal mortality, which is an epidemiological tip of the iceberg of poor 

neonatal outcomes [1,5,8]. Moreover, Surve et al, in Mumbai, India reported that the 

ratio of NNM to neonatal mortality is approximately 9.4:1 [1]. Therefore, a more 

sensitive marker of the quality of perinatal and neonatal care would be the 

prevalence and pattern of NNM cases at a health facility [4].  
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Neonatal near miss may result in permanent or chronic debilitating conditions in 

adulthood. In addition to patients demanding explanations for poor outcomes, there 

has been a drastic upsurge in litigations related to intrapartum and perinatal care in 

South Africa [9]. Hence, a NNM surveillance system can highlight deficiencies in 

antenatal and intrapartum care, to improve neonatal practice in South Africa.  

 

The range of global NNM rates was wide (21-72%) on account of varying diagnostic 

criteria [1]. In 2014, Pileggi-Castro et al developed a nearly universal NNM criteria 

after secondary data analysis of two World Health Organization (WHO) databases: 

WHO Global Survey on Maternal and Perinatal Health (WHOGS), and WHO Multi-

country survey on Maternal and Newborn Health (WHOMCS) [6]. Subsequently, 

Pileggi-Castro et al classified the criteria for diagnosing NNM into pragmatic or 

management criteria.   

 

Pragmatic criteria such as low Apgar score at 5 minutes of life (<7); low birthweight 

(<1750 g); and low gestational age (<33 weeks) are associated with prematurity and 

birth asphyxia, Fig. 1. Management criteria of NNM include the use of intravenous 

antibiotics; nasal continuous positive airway pressure; intubation within the first week 

of life; phototherapy administration within the first day of life; need for 

cardiopulmonary resuscitation; vasopressor, anticonvulsants, or steroids for 

hypoglycaemia use; surfactant administration; blood product transfusion; and the 

performance of any neonatal surgery [1,4].  

 

Maternal socio-biological and obstetrics characteristics can impact on NNM and 

neonatal mortality. Extremes of maternal age, syphilis infection, severe pre-

eclampsia, abruptio placenta, preterm delivery, low birth weight (LBW), poor 
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intrapartum care, intrapartum birth asphyxia, birth trauma, antepartum haemorrhage 

(APH), and caesarean section (C/S) delivery have been associated with either 

perinatal mortality or NNM [6,10–15]. However, a proportion of women have no 

recognizable obstetric or medical conditions at the time of a perinatal death [11]. 

Moreover, local obstetrics and neonatal practices, health systems and other 

environmental factors may modify and contribute to variation in the regional and sub-

national prevalence of NNM [16].  

 

South Africa is an upper middle-income country that abolished apartheid and 

commenced multi-racial democracy in 1994. Since then, the government of South 

Africa has made concerted efforts to expand access of qualitative reproductive health 

services to a larger percentage of the population [17]. A novel assessment of the 

outcome of current obstetrics and neonatal care is a review of NNM using a  

standardized tool [1].   

 

We therefore conducted a case control study to evaluate the association of maternal 

socio-biological and obstetric factors and occurrence of NNM at a high-volume, 

public, mother and child hospital, in Johannesburg, South Africa. The OFANNM 

study aimed to assess factors in our setting which may be associated with the 

occurrence of neonatal near miss.   

    

2 MATERIALS AND METHODS  

2.1 Site and Study  

A case-control study of 744 mother and new-born pairs was conducted at a mother 

and child hospital, from 1 January 2016 to 31 December 2016. Our study was 

conducted at Rahima Moosa Mother and Child Hospital, a public tertiary hospital in 
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Johannesburg, South Africa. A total of 13151 deliveries were conducted at this 

hospital, during the study period. Maternal sociodemographic and obstetric 

characteristics of babies diagnosed with NNM (n=372) based on the hospital’s 

neonatal database were extracted from the database, using a Research Electronic 

Data Capture (REDCap) online data collection tool [18].  

 

The database stored case information for babies admitted to the paediatric intensive 

care unit (PICU) and ward 16b (neonatal admission ward). These case files were the 

pool from which neonatal near miss cases were selected. Babies which had normal 

outcomes were selected from the admissions list of the postnatal ward, as this was 

the destination for all normal outcome babies, prior to discharge, Fig1. 

 

The diagnosis of NNM was made in cases which satisfied either pragmatic or 

management criteria for NNM, as used by Santos et al [14]. The rationale for using 

these criteria for the identification of neonatal near miss, Fig.1, was that recent 

studies show a growing acceptance of these criteria as the standard for defining 

NNM. They were originally described by Pileggi-Castro et al in their 2013 publication 

[4] and have subsequently been used in multiple studies, exploring neonatal near 

miss [16,23,30].  

 

The control group (n=372) comprised of mothers of normal babies born during the 

study period. Mothers who had early neonatal deaths were excluded from the study, 

because they no longer fit the definition of a neonatal near miss [2,6]. Poorly 

documented files were also excluded.  
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Figure 1. Selection Matrix and Neonatal Near Miss criteria: Neonatal near miss cases were 

obtained from the database of babies admitted to either ward 16b or Paediatric Intensive Care Unit 

(PICU). Normal cases were recruited from the postnatal wards admissions lists. Maternal files for both 

groups were then retrieved from records department for analysis. Pragmatic and Management 

inclusion criteria are as listed in the figure.  

  

A sample size of 744 mother-infant pairs was determined using the ClinCalc.com 

online sample size calculator, (assuming 80% power, 95% confidence interval and 

5% margin of error with a 1:1 sample of cases and control) [19]. The prevalence of 

NNM was taken as 7.25%, as it was reported in the WHO Multicountry Survey on 

Maternal and Newborn Health (2010-2011) [4]. The neonatal database identified 

1517 NNM cases between 1 January to 31 December 2016. In-hospital deliveries 



6 
 

were 13151, while babies born before arrival (BBA) were 618, making total deliveries 

of 13769. A random number table was used to select 372 cases from the NNM 

cases. Similarly, 372 controls were selected from a total of 12252 non-NNM babies 

during the same period. [20]. Ethical clearance was obtained for the study from the 

Human Ethics Research Committee (Medical) of the University of the Witwatersrand 

(Clearance certificate no. M180108).  

.   

2.2 Statistical analysis  

The overall NNM and perinatal mortality rate (PMR) were calculated by dividing the 

annual and perinatal mortality for 2016 by the total deliveries in 2016 and then 

expressed per 1000 birth. Subsequently, NNM:PMR ratio was calculated. Data was 

exported from REDCap to Stata® version 13.0 (STATACorp, Texas, U.S.A.) 

statistical software for analysis [21]. Continuous variables such as maternal age or 

gestational age at delivery were described as mean (±standard deviation) or median 

(interquartile range), if not normally distributed. Categorical variables, such as mode 

of delivery, were described using frequencies and percentages.  

 

Some continuous variables such as age were categorized into clinically relevant 

categories. Age was categorized into teenager (age <20 years), normal age (20-34 

years) and advanced maternal age (≥ 35 years). Continuous variables were 

compared between the cases and controls using Student’s t-test or Mann-Whitney U 

test (if not normally distributed). Association between categorical variables and 

outcome (near miss vs normal) was assessed using the Pearson’s Chi square test 

(or Fischer’s exact test for small numbers). Univariable logistic regression was 

conducted, using NNM as the outcome. Maternal factors were the explanatory 
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variables. The multivariable modelling was conducted using the backward elimination 

technique. Variables with P-value<0.2 were included in the multivariable model.  

 

Some variables were included due to their presumed clinical relevance or suggested 

relevance, from the literature review. Eleven variables were included in our final 

model: age; race; non-sober social habits such as smoking, alcohol and illicit drug 

use; parity; BMI; RVD status; gestational age at delivery; chronic medical disorder; 

antenatal pregnancy specific disorder; delivering healthcare worker; and delivery 

type. Crude and adjusted odds ratios (with 95% confidence interval) were reported. 

The statistical significance level was set at a confidence interval of 95% (P-value of 

0.05). Two-tailed test of significance was assumed. Collinearity of the variables were 

assessed with Variance inflation factor.  

  

3 RESULTS  

 Of the 13769  births that occurred at our study site, from 1 January to 31 December 

2016 ,  the perinatal deaths for 2016 was 400, giving a perinatal mortality rate of 30.4 

per 1000 births [22]. The neonatal database identified a total of 1517 NNM cases, 

based on the pragmatic and management criteria. Therefore, the NNM rate was 110 

per 1000 births, for 2016. Furthermore, NNM:PMR ratio was 3.6:1. 

 

3.1 Sociodemographic Characteristics  

The maternal mean age of the study population were 28.1(±5.97) years. About 6.5% 

(n=48) of the study population were teenage pregnancy while about 15.19% (n=113) 

were advanced maternal age (AMA). However, Teenage pregnancy and AMA were 

more prevalent in the NNM group compared to the controls (7.5% vs 5.4% and 

19.4% vs 11 respectively, P-value=0.002), as seen in Table 1. There was no 
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statistically significant difference between the two groups with respect to the other 

sociodemographic factors.   

  

Table 1. Comparison of the sociodemographic characteristics of NNM patients and controls.   
Characteristics  NNM (%)  Controls (%)  Total (%)  P-value  

Age (years) (n=744)  

Mean (±SD)  28.50 (±6.4)  27.66 (±5.8)  28.07 (±5.97)  0.066a  

≤19   28 (7.53)  20 (5.38)  48 (6.45)  0.002*b  

20-34  272 (73.12)  311 (83.6)  583 (78.36)   

≥35  72 (19.35)  41 (11.02)  113 (15.19)   

Race (n=735)  

Black  
317 (86.14)  317 (86.38)  634 (86.26) 0.435c  

White  9 (2.45)  9 (2.45)  18 (2.45)    

Coloured  36 (9.78)  30 (7.18)  66 (8.98)   

Indian/Asian 6 (1.63)  11 (3.00)  17 (2.32)   

Employment (n=713)     

Employed 112 (31.37) 136 (38.20) 248 (34.78) 0.056 b 

Unemployed  245 (68.63)  220 (61.80)  465 (65.22)   

Habits (n=744)      

No Habits 333 (89.52)  356 (95.70) 689 (92.61) 0.031c 

Alcohol use   7 (1.88)  4 (1.08)  11 (1.48)   

Smoking  16 (4.30)  10 (2.69)  26 (3.49)   

Recreational drugs  16 (4.30)   2 (0.54)  18 (2.42)   

NNM: Neonatal Near Miss, SD: standard deviation, bPearson’s chi-square test. aStudent’s t-test, cFischer’s Exact 

test, *P-value<0.05  

 
  

3.2 Antenatal Care Characteristics  

Antenatal characteristics, depicted in Table 2, had similar prevalence in the two 

study groups for:  pregnancy risk classification, rapid plasma reagin (RPR), rhesus 

(Rh), retro viral disease (RVD) and RVD treatment statuses. Multiple pregnancies 

were more frequent in the near miss group as compared to the controls (8.6% vs 

5%, P-value<0.001). The median gestational age at delivery was lower among the 
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NNM group as compared to the controls (36 (31-39) vs 38 (37 – 40), P-value<0.001). 

Early preterm deliveries (≤33+6 weeks) were about five-fold as common among the 

NNM group as compared to the controls (41.52% vs 7.71%, P-value<0.001). 

  

Table 2. Comparison of the antenatal care characteristics of patients who sustained neonatal 

near miss and controls.   

Characteristics  
Gestation (n=744)  
Singleton  340 (91.4)  367 (98.66)  707 (95.03)  <0.001*  

Multiple  

Gravidity (n=744)  

32 (8.60)  5 (1.34)  37 (4.97)   

Median (IQR)  2(1-3)  2(2-3)  2(1-3)  0.8264  

Primigravida  101 (27.15)  85 (22.85)  186 (25.00)  0.176  

≥2 Pregnancies  

Parity (n=740)  

271 (72.85)  287 (77.15)  558 (75.00)   

Median (IQR)  2(1-2)  2(1-2)  2(1-2)  0.4661  

Nulliparous  113 (30.38)  102 (27.72)  215 (29.05)  0.649  

Multiparous (P1-P4)  256 (68.82)  264 (71.74)  520 (70.27)   

Grand Multiparous (≥5)  

History of TOP (n=744)  

3 (0.81)  2 (0.54)  740 (100.00)   

No Previous TOP  328 (88.17)  347 (93.28)  675 (90.73)    

Previous TOP  44 (11.83)  25 (6.72)  69 (9.27)   0.016*  

History of Ectopic (n=744)  

No Previous Ectopic  340 (91.40)  346 (93.01)  686 (92.20)  0.412  

Previous Ectopic  32 (8.60)  

Delivery Gestational Age (n=680)  

26 (6.99)  58 (7.80)    

Median (IQR)  36 (31-39)  38 (37-40)  38 (35-39)  <0.001*  

≤33+6  137 (41.52)  27 (7.71)  164 (24.12)  <0.001*  

34-37+6  70 (21.21)  77 (22.00)  147 (21.62)   

38-40+6  115 (34.85)  236 (67.43)  351 (51.62)   

≥41  8 (2.42)  10 (2.86)  18 (2.65)   
Booking Status (n=744)  
Booked  347 (93.28)  359 (96.51)  706 (94.89)  0.046*  

Unbooked  25 (6.72)  

Time of Booking (n=744)  

  13 (3.49)  38 (5.11)   

Booked ≤13+6/40  34 (9.14)  41 (11.02)  75 (10.08)  0.05  

Booked ≥14/40  309 (83.06)  317 (85.22)  626 (84.14)   

Unspecified  29 (7.8)  

Antenatal Visits (n=676)  

14 (3.76)  43 (5.73)   

NNM (%) Controls (%) Total (%)   a P-value  
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≤2 visits  87 (26.77)  59 (16.81)  146 (21.60)  0.002*  

≥3 visits  238 (73.23)  

Antenatal Risk Class (n=744)  

292 (83.19)  530 (78.40)   

Low  179 (57.53)  214 (48.12)  393 (52.82)  0.055  

Medium  62 (16.67)  56 (15.05)  118 (15.86)   

High  54 (14.52)  37 (9.95)  91 (12.23)   

Unclassified  77 (20.70)  

BMI (n=382)   

65 (17.47)  142 (19.05)   

≤19.8 (underweight)  16 (8.89)  8 (3.96)  24 (6.28)  0.267  

19.9-24.9 (normal)  45 (25.00)  62 (30.69)  107 (28.01)   

25-29.9 (overweight)  57 (31.67)  70 (34.65)  127 (33.25)   

30-34.9 (obese class1)  33 (18.33)  35 (17.33)  68 (17.80)   

35-39.9 (obese class2)  17 (9.44)  19 (9.41)  36 (9.42)   

≥40 (obese class3)  12 (6.67)  

Booking Hb (g/dL) (n=744)  

8 (3.96)  20 (5.24)   

Mean (±SD)  11.96 (1.91)  11.93 (1.59)  11.95 (1.77)  0.8153b  

Normal (≥11)  233 (62.63)  244 (65.59)  477 (64.11)  <0.001*  

Anaemic (≤10.9)  98 (26.34)  115 (30.91)  213 (28.63)   

Untested  

RPR test Status (n=744)  

41 (11.02)  13 (3.49)  54 (7.26)   

Non-Reactive  339 (91.13)  351 (94.35)  690 (92.74)  0.200  

Reactive  5 (1.34)  2 (0.54)  7 (0.94)   

Unknown  

Rh Group Status (n=744)  

28 (7.53)  19 (5.11)  47 (6.32)   

Positive  351 (94.35)  357 (95.97)  708 (95.16)  0.559  

Negative  10 (2.69)  8 (2.15)  18 (2.42)   

Unknown  

RVD Status (n=744)  

11 (2.96)  7 (1.88)  18 (2.42)   

Positive  64 (17.20)  74 (19.89)  138 (18.55)  0.635  

Negative  277 (74.46)  269 (72.31)  546 (7.39)   

Unknown  31 (8.33)  29 (7.80)  60 (8.06)   
RVD Rx Status (n=138)     

Non-applicable (HIV neg) 308 (82.80) 298 (80.11) 606 (81.45) 0.728 

Positive on ART  59 (92.19)  70 (94.59)  129 (93.48)   

Positive ART naïve  3 (4.69)   2 (2.7)  5 (3.62)   

Positive and unknown 
treatment  

2 (3.13)   2 (2.7)  4 (2.9)   

 
NNM: Neonatal Near Miss, BMI: Body Mass Index (weight/[height(M2)]2, TOP:  

Termination of Pregnancy, SD: standard deviation, RPR: Rapid Plasma Reagin, Rh: Rhesus, RVD:  

Retroviral disease, aPearson’s chi-square analysis, bStudent’s t-test, *P-value <0.05  
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A higher incidence of previous pregnancy termination (TOP) was observed in the 

NNM group (11.83% vs 6.72%, P-value 0.016). Unbooked status was almost twice 

as common in the near miss group versus the controls (6.72% vs 3.49%, P-

value=0.046). Mothers of babies with NNM that attended less than 3 antenatal visits 

had a higher more prevalent in the near miss group (26.77% vs 16.81%, P-

value=0.002).  

 

Anaemia was more prevalent in the control group (30.91% vs 26.34%, P-

value<0.001).  However, there was a greater number of individuals with untested 

haemoglobin levels in the near miss group (11.02% vs 3.49%, P-value<0.001). 

Frequencies of pre-existing medical disorders were not significantly different across 

the study groups, as shown in Table 3. Pregnancy specific complications were 

generally more frequent in the near miss group as about 35.02% of the study 

population were complicated by hypertensive disorders in the index pregnancy. 

Hypertensive disorders were more common in the near miss group compared to the 

controls (38.39% vs 24.24%, P-value<0.001). Preterm labour (22.75% vs 13.64%, P-

value<.001) and APH (8.06% vs 4.55%, P-value<0.001) were more frequent among 

the near miss group versus the controls. Interestingly, the diagnosis of foetal Distress 

occurred more frequently in the control group (18.18% vs 7.11%, P-value<0.001).  

 
Table 3. Characteristics of antepartum conditions complicating the current pregnancy of NNM 

patients and controls.   
Characteristics  NNM (%)   Controls (%) Total (%) aP-value  

Pre-existing medical disorder 

No medical disorder 

s (n=744)  

345 (92.74)  359 (96.51)  704 (94.62)    

Chronic Hypertension  19 (70.37)  7 (53.85)  26 (65.00)  0.043*  

Diabetes Mellitus  3 (11.11)  1(7.69)  4 (10.00)   

Asthma/COAD  4 (14.81)  2 (15.38)  6 (15.00)   

Thyroid Disorder  0 (0.00)  3 (23.08)  3 (7.50)   
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Cardiac Disorder  1 (3.70)  0 (0.00)  1 (2.50)   

Pregnancy specific complication (n=744)   

  None                                          161 (43.28) 

   

306 (82.26)                 467(62.77)   
bHypertensive Disorder  81 (38.39)  16 (24.24)  97 (35.02)  <0.001*  

Antepartum Haemorrhage  17 (8.06)  3 (4.55)  20 (7.22)   

Gestational Diabetes  8 (3.79)  4 (6.06)  12 (4.33)   

Preterm Labour  48 (22.75)  9 (13.64)  57 (20.58)   

PPROM  8 (3.79)  1 (1.52)  9 (3.25)   

PROM  6 (2.84)  8 (12.12)  14 (5.05)   

Chorioamnionitis  3 (1.42)  0 (0.00)  3 (1.08)   

Malpresentation  4 (1.90)  6 (9.09)  10 (3.61)   

IUGR  4 (1.90)  0 (0.00)  4 (1.44)   

Foetal Distress  15 (7.11)  12 (18.18)  27 (9.75)   

cOther Complication(s)  17 (8.06)  7 (10.61)  24 (8.66)   

COAD: Chronic Obstructive Airway Disease, NNM: Neonatal Near Miss, PROM: Pre-labour Rupture of 

Membranes, PPROM: Preterm Pre-labour Rupture of Membranes, IUGR: Intrauterine Growth restriction, 

aPearson’s chi-square test, bHypertensive disorders include: Gestational Hypertension, Pre-Eclampsia, HELLP 

Syndrome, Imminent Eclampsia and Eclampsia, cOther Complications included: liver dysfunction, non-eclamptic 

seizures, respiratory tract infections, urinary tract infections, vaginal discharge syndrome, cephalopelvic 

disproportion, foetal macrosomia, fibroids in pregnancy, *P-value <0.05  

 

 

3.3 Intrapartum and delivery factors  

There was no statistically significant difference in terms of intrapartum factors such 

as mode of delivery, induction methods, augmentation of labour, partogram use, 

electronic foetal monitoring and delivery difficulties, among the two groups, shown in 

Table 4. However, emergency C/S was performed at a greater frequency in the near 

miss group (77.97% vs 60.19%, P-value<0.001). In contrast, elective C/S rate was 

higher in the control group (39.81% vs 22.03%, P-value<0.001). Spontaneous labour 

was more frequent in the control group (94.98% vs 89.38, P-value=0.024), whereas 

induction of labour (IOL) was twice as frequent in the near miss group as in the 

controls (10.62% vs 5.02%, P-value=0.024).  

  



13 
 

Table 4. Comparison of intrapartum events between cases and controls.   

                   NNM (%)          Controls (%) Total (%) aP-value  

Characteristics  
Previous C/S (n=167)  
No previous C/S  303 (81.45)  274 (73.66)  577 (77.55)  0.038*  

1 Previous C/S  49 (71.01)  70 (71.43)  119 (71.26)    

2 Previous C/S  17 (24.64)  27 (27.55)  44 (26.35)   

≥3 Previous C/S   

Mode of Delivery (n=744)  

3 (4.35)  1 (1.02)  4 (2.40)   

Vaginal Delivery 145 (39.98) 156 (41.96) 301 (40.46) 0.565  

    NVD (in hospital) 129 (34.68)  143 (38.44)  272 (36.56)   

    BBA (out of hospital) 13 (3.49)  12 (3.23)  25 (3.36)   

    Assisted Vaginal Delivery  3 (0.81)  1 (0.27)  4 (0.58)   

Caesarean Section Delivery  227 (61.02)  216 (58.06)  443 (59.54)  <0.001* 

    Elective C/S  50 (22.03)  86 (39.81)  136 (30.70)   

    Emergency C/S  

Labour Onset (n=465)  

177 (77.97)  130 (60.19)  307 (69.30)   

Spontaneous Labour  202 (89.38)  227 (94.98)  429.7 (92.26)  0.024*  

Induction of Labour  

Induction Methods (n=27)  

24 (10.62)  12 (5.02)  36 (7.74)   

Oral Misoprostol  11 (64.71)  8 (80.00)  19 (70.37)  0.233  

Vaginal Prostaglandin  1 (5.88)  2 (20.00)  3 (1.11)   

Intravenous Oxytocin  4 (23.53)  0 (0.00)  4 (14.81)   

Foley’s Catheter   

Augmentation of Labour (n=40)  

1 (5.88)  0 (0.00)  1 (3.70)    

Oxytocin   18 (8.33)  19 (7.95)  3 (8.13)  0.881  

Successful augmentation 9 (50.00)  7 (36.84)  16 (43.24)  0.419  

Unsuccessful augmentation 

Partogram Use (n=326)  

9 (50.00)  12 (63.16)  21 (56.76)   

Adequate 2 hourly plot  104 (80.62)   170 (86.73)  274 (84.31)  0.138  

Inadequate 2 hourly plot  

Foetal Monitoring (n=744)  

25 (19.38)  26 (13.27)  51 (15.69)   

EFM done  295 (79.30)  311 (83.60)  606 (81.45)  0.131  

EFM not done  77 (20.70)  
bEFM Category (n=597)  

61 (16.40)  138 (18.55)   

Unsigned Trace  53 (18.21)  63 (20.59)  116 (19.43)  0.026*  

Cat1/Reassuring/Reactive  126 (43.30)  160 (52.29)  286 (47.91)   

Category 2/Suspicious/Non-Reassuring 58 (19.93)  47 (15.36)  105 (17.59)   

Category 3/Abnormal/Pathological  54 (18.56)  

Delivering Healthcare Worker (n=744)  

36 (11.76)  90 (15.08)   

Not applicable (BBA/Unknown)  29 (7.80)  18 (4.84)  47 (6.32)    

Midwife  99 (26.61)  134 (36.02)  233 (31.32)  <0.001*  

Intern Doctor  11 (2.96)  3 (0.81)  14 (1.88)   
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Community Service Doctor  17 (4.57)   68 (18.28)  85 (11.42)   

Registrar Doctor  216 (58.06) 149 (40.05)  365 (49.06)   

Delivery Difficulty (n=744)         
No Delivery Difficulty                         352 (94.62)    361 (97.04) 713 (95.83) 0.101 

Documented Delivery Difficulty         20 (6.13)  11 (3.40)  31 (4.77)   

 
 BBA: Born Before Arrival, C/S: Caesarean Section, EFM Electronic Foetal Monitoring, NVD: Normal Vaginal 

Delivery, NNM: Neonatal Near Miss, aPearson’s chi-square analysis, bEFM was documented in 9 cases to have 

been done however, CTGs were not in files for analysis. Thus n=597, *P-value <0.05  

 
 

Electronic foetal monitoring (EFM) was performed in about four-fifth (81%, n=606) of 

the study population. There was no statistically significant difference between the two 

groups, regarding the frequency of performing EFM. Pathological (18.56% vs 

11.76%, P-value=0.026) and suspicious traces (19.93% vs 15.36%, P-value=0.026) 

were more common among the near miss group as to the controls.  

 

Most of the deliveries were conducted by registrar doctors or midwives (49.06% and 

31.32% respectively). NNM was more prevalent in patients delivered by registrar 

doctors (58.06% vs 40.05% control, P-value<0.001).  

 

3.4 Regression analyses  

Univariable logistic regression analysis showed that; AMA, social habits, 

underweight, preterm delivery, previous TOP, unbooked status, untested Hb, chronic 

medical disorder, antenatal pregnancy complication, IOL, pathological trace, delivery 

by an intern or registrar, multiple pregnancy, 2 or less ANC visits, having a high-risk 

classification and emergency C/S delivery were all significantly associated with an 

increased prevalence of NNM. Deliveries by a community service doctor and elective 

caesarean section deliveries were associated with a decrease in NNM (P-value 

<0.05) (Table 5).  
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Table 5: Univariable and multivariable logistic regression of maternal factors of neonatal near 

miss.   

 
Factors  Univariable logistic regression  Multivariable logistic regression  

  OR    95% CI  P-value  OR    95% CI  P-value  

 
Age (Years)  
20-34  1.00  Ref  Ref  1.00  Ref  Ref  

Teenage Pregnancy (≤19)  1.60  0.88-2.90  0.122  0.61  0.12-3.13  0.555  

Advanced Maternal Age (≥35)  

Race  

2.01  1.32-3.05  0.001*  2.65  1.10-6.41  0.029*  

White  1.00  Ref  Ref  1.00  Ref  Ref  

Black  0.48  0.39-2.55  1.000  1.01  0.18-5.52  0.991  

Coloured  0.64  0.42-3.41  0.732  1.21  0.16-8.95  0.850  

Indian/Asian  

Social Habits  

0.38  0.14-2.12  0.382  0.67  0.06-7.20  0.741  

No Habits  1.00 Ref  Ref  1.00 Ref  Ref  

Habits   

Parity  

2.61  1.43-4.75  0.002*  4.48  1.54-13.05  0.006*  

Nulliparous  1.00  Ref  Ref  1.00 Ref  Ref  

Multiparous  

BMI  

0.87  0.64-1.20  0.453  0.62  0.33-1.12  0.145  

19.9-24.9 (normal)  1.00  Ref  Ref  1.00  Ref  Ref  

≤19.8 (underweight)  2.76  1.09-6.99  0.033*  4.40  1.22-15.80  0.023*  

≥25 (Increased BMI)  

RVD Status  

1.24  0.79-2.00  0.352  1.13  0.58-2.19  0.724  

Negative  1.00  Ref  Ref  1.00  Ref  Ref  

Positive  0.84  0.58-1.22  0.361  0.56  0.26-1.18  0.128  

Unknown  

Delivery Gestational Age  

1.04  0.61-1.77  0.891  1.79  0.50-6.48  0.373  

38-40+6 weeks  1.00  Ref  Ref  1.00  Ref  Ref  

≤33+6  10.41  6.51-16.64  <0.001*  4.56  1.92-10.83  0.001*  

34-37+6  1.87  1.26-2.76  0.002*  1.35  0.68-2.67  0.394  

≥41  1.64  0.63-4.27  0.309  0.72  0.16-3.23  0.663  

Chronic Medical Disorder  
No disorders     1.00 Ref  Ref  1.00 Ref  Ref  

Chronic d/o present  2.16  1.09-4.26  

Antenatal Pregnancy Specific Disorder  

0.026*  0.52  0.11-2.46  0.406  

No Antenatal disorder     1.00 Ref  Ref  1.00  Ref  Ref  

Antenatal disorder developed  6.08  

Delivering Healthcare Worker  

4.34-8.50  <0.001*  5.19  2.61-10.30  <0.001*  

Midwife  1.00  Ref  Ref  1.00  Ref  Ref    

Intern  4.96  1.35-18.26  0.016*  44.7  2.27-880.06  0.012*  

Community Service  0.34  0.19-0.61  <0.001*  0.44  0.81-2.39  0.341  
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Registrar  

Delivery Type  

1.96  1.40-2.74  <0.001*  5.91  1.61-21.74  0.008*  

Vaginal/BBA  1.00  Ref  Ref  1.00  Ref  Ref  

Emergency C/S  1.46  1.06-2.02  0.019*  0.19  0.05-0.69  0.012*  

Elective C/S  

Employment  

0.63  0.41-0.95  0.027*  0.22  0.06-0.88  0.032*  

Unemployed  1.00  Ref  Ref        

Employed  

Booking Status  

0.74  0.54-1.01  0.056        

Booked ≤13+6/40  1.00  Ref  Ref        

Booked ≥14/40  1.18  0.73-1.90  0.510        

Unspecified/Unbooked  

Booking Hb  

2.50  1.14-5.47  0.022*        

Normal (≥11)  1.00  Ref  Ref        

Anaemic (≤10.9)  0.89  0.65-1.23  0.491        

Untested  

Labour Onset  

3.30  1.73-6.32  <0.001*        

Spontaneous Labour  1.00  Ref  Ref        

Induction of Labour  

EFM Category  

2.25  1.10-4.61  0.027*        

Category1/Reassuring/Reactive  1.00  Ref  Ref        

Category2/Suspicious/Non-Reas  1.57  1.00-2.46  0.050        

Category3/Abnormal/Pathological  1.93  1.18-3.13  0.008*        

Unsigned Trace  

History of TOP 

1.03 0.66-1.59 0.896    

No TOP 1.00 Ref Ref    

Previous TOP  1.86  1.11-3.11  0.018*     

Previous Caesarean Section       

1 Previous C/S   1.00  Ref  Ref        

2 Previous C/S   0.90  0.44-1.83  0.769        

≥3 Previous C/S   4.29  0.43-42.42  0.213        
Gestation Type  
Singleton  1.00  Ref  Ref        

Multiple  6.91  

Antenatal visits  

2.66-17.93  <0.001*        

≥3 visits  1.00  Ref  Ref        

≤2 visits    1.81  

Antenatal Risk Classification  

1.25-2.63  0.019*        

Low  1.00  Ref  Ref        

Medium  1.32  0.88-2.00  0.183        

High  1.74  1.10-2.77  0.018*        

Unclassified  

RPR Status  

1.42  0.96-2.08  0.077*        
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Non-Reactive  1.00  Ref  Ref        

Reactive  2.59  0.50-13.43  0.258        

Unknown  

Rh group  

1.53  0.84-2.78  0.168        

Positive  1.00  Ref  Ref        

Negative  1.27  0.50-3.26  0.617        

Unknown  

Partogram Use Adequacy  

1.60  0.61-4.17  0.338        

Adequate 2 hourly plot  1.00  Ref  Ref        

Inadequate 2 hourly plot  1.57  0.86-2.87  0.140        

Electronic Foetal Monitoring  

EFM done  1.00  Ref  Ref        

EFM not done  1.36  

Reported Difficulties with Delivery  

0.94-1.98  0.107        

No difficulty reported  1.00  Ref  Ref        

Difficulty reported  1.86  0.88-3.95  0.106        

 
BBA: Born Before Arrival, BMI: Body Mass Index (weight/[height(M2)]2, C/S: Caesarean Section, EFM: Electronic 

Foetal Monitoring, Habit: includes alcohol ingestion, smoking and illicit drug use. Hb: haemoglobin, Non-Reas: 

Non-reassuring, NVD: Normal Vaginal Delivery, Rh: Rhesus, RPR: Rapid Plasma Reagin, RVD: Retroviral 

disease, TOP: Termination of Pregnancy, *P-value <0.05 

 
  

After adjusting for potential confounders, in a multivariable regression model, the 

study found that patients with advanced maternal age had about 2.7-fold odds of 

NNM (OR=2.65 95% CI: 1.10-6.41, P=0.029) as compared to women aged 20-34 

years. Women who had non-sober social habits were about 4.5 -fold more likely to 

experience NNM as compared to women with no habits (OR=4.48, 95% CI: 1.54-

13.05, P=0.006).  

 

Those who were underweight (BMI ≤19.8) were 4-fold more likely to have a NNM as 

compared to normal weight patients (OR=4.40, 95% CI: 1.22-15.80, P=0.023). 

Gestational age <33+6 weeks was associated with a four and half-fold increased odds 

of NNM as compared to term babies (OR=4.56, 95% CI: 1.92-10.83, P=0.001). 

Women whose pregnancies were complicated with an antenatal pregnancy disorder 
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had about 5-fold increased odds of having NNM as compared to women who had no 

complication (OR=5.19, 95% CI: 2.61-10.30, P<0.001).   

 

Intern doctor delivery was associated with 44-fold increase in NNM compared to 

midwife deliveries (OR=44.7, 95% CI: 2.27-880.06, P=0.012), whilst registrar doctor 

delivery was associated with a near 6-fold increase in NNM (OR=5.91, 95% CI: 1.61- 

21.74, P=0.008). At multivariable logistical regression level, both elective and 

emergency C/S delivery were found to be protective. Elective C/S was associated 

with a 78% reduction in odds of having a NNM (OR=0.22, 95% CI: 0.05-0.87, 

P=0.031). Emergency C/S was associated with an 81% decrease in NNM (OR=0.19, 

95% CI: 0.05-0.69, P<0.012).   

  

4 Discussion  

Neonatal near miss is a useful contemporary means of evaluating the quality of 

obstetric and neonatal services [5–7]. This study was therefore conducted to assess 

the obstetric factors associated with NNM at a large public mother and child hospital 

in Johannesburg to guide practice. Multiple obstetric factors were identified to be 

associated with NNM.  

 

We found that mothers of babies with NNM were older than mothers of babies in the 

control group. Advanced maternal age (≥ 35 years) was significantly more prevalent 

in the NNM group. Furthermore, we found that there was an over two-fold increase in 

NNM among women with advanced age at multivariable regression. This report was 

in line with the report of Mersha et al, who also found an association between AMA 

and NNM [16]. Our results however contrast with those of de Lima et al, that found 

AMA to be protective against NNM [23].  
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Advanced maternal age has been associated with pregnancy complications, such as 

hypertensive disorders, diabetes mellitus, large for gestational age, foetal growth 

restriction, preterm birth, dysfunctional labour, leiomyomata in pregnancy, multiple 

gestation, congenital anomalies, placenta previa and abruptio, and caesarean 

section delivery [24]. Thus, women with AMA should be considered high-risk and 

monitored to prevent NNM.   

 

Our study showed that mothers who had non-sober social habits such as smoking, 

alcohol use or illicit drug use, had an approximately 4-fold likelihood of having a baby 

with NNM as compared to women with none of those habits. Our findings agreed 

with those of Kale et al, that was conducted among a Brazilian population [13]. 

Smokers are predisposed to develop foetal growth restriction, placenta previa and 

abruptio placenta [25]. Likewise, alcohol has been associated with reduced weight 

and length of the foetus/babies while cocaine use has been associated with preterm 

delivery and reduced foetal head circumference [25]. These associations may be 

extrapolated to contribute towards severe neonatal morbidity, manifesting as NNM.   

 

There was no statistically significant difference in the risk of having NNM between 

primigravid and multiparous patients in our study. This finding differs from those of 

Mersha et al, who found multiparous patients to be at increased risk of NNM [16]. 

The large prospective cohort study of De Lima et al also found primigravid patients to 

be at lower risk of NNM [23]. Primigravid patients have an increased incidence of 

unbooked status, hypertensive disorders of pregnancy, IUGR, preterm labour and 

LBW, oligohydramnios, and emergency C/S delivery. These factors contribute to 

adverse neonatal outcomes; therefore, one would expect a higher rate of NNM 
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among primigravid women [26]. A further study, looking into the relationship between 

parity and NNM may be needed to clarify this finding.   

 

In this study, mothers who were underweight showed increased risk of NNM. NNM 

was about 4-fold more prevalent amongst underweight women as compared to 

normal weight women. Whilst most literature reports that maternal obesity 

contributes to poor neonatal outcomes, our study rather suggests that underweight 

presents a more ominous sign for developing NNM [27]. Although emphasis should 

be placed on counselling women about the deleterious impact of obesity and the 

need to lose weight, intervention should also be undertaken for underweight women 

to achieve normal weight for height. Further studies are needed to evaluate 

underweight and perinatal outcomes.   

 

Medical conditions, such as hypertension and diabetes mellitus are well associated 

with NNM [2,10,11,14]. Our study suggests that the development of any medical or 

pregnancy specific disorder during the pregnancy carries a higher risk for neonatal 

near miss than that of a chronic disorder. We could postulate that levels of control of 

chronic disorders are high in our population whilst new disorders arising during 

pregnancy may be allowed to have a greater impact due to delays between 

diagnosis and management. 

 

Induction of labour doubled the risk, when compared to spontaneous onset labour. 

This is in keeping with the findings of a large Austrian cohort study, which concluded 

that IOL increases risk of poor foetal outcome, however due to confounding factors 

recommendations on its use are still to be determined [28]. Indications for IOL should 



21 
 

be further assessed, as well as the appropriateness of intrapartum care in these 

groups.  

 

Partogram use was adequate in most cases, with an insignificant difference in 

outcomes, in cases where it was not used adequately. Whilst poor progress of labour 

and the lack of partogram use may be clinically relevant and expected to influence 

neonatal outcome, no significant difference was found between the two groups. Also, 

our study did not assess the partogram diagnosis of poor progress of labour, so a 

further study might be required to further explore the role of poor labour progress and 

NNM. 

 

Caesarean section delivery was significantly associated with NNM. Elective C/S 

reduced the risk of NNM. Whilst Emergency C/S was associated with a 46% increase 

in NNM in the univariable logistic regression, multivariable regression found it to 

reduce the risk of NNM. This would suggest that emergency caesarean section be 

considered only when multiple risk factors for NNM exits. These findings also 

suggest that elective C/S delivery be the preferred mode of delivery when wanting to 

decrease NNM in high-risk patients. It was also found that more emergency C/S 

deliveries were performed in the NNM group as compared to elective C/S deliveries, 

which would suggest that the delivery of high-risk cases be done on an elective 

basis. Benzounia et al had a similar finding in their study, that emergency C/S has a 

higher rate of poor foetal outcomes when compared to elective C/S [29].   

 

A delivery conducted by a registrar had an almost six-fold increased odds in NNM 

rates. This was an expected result since difficult and high-risk deliveries are likely to 

be referred to and managed by the registrar. On the other hand, deliveries by interns 
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are expected to be among low-risk pregnancies. However, inexperience might have 

led to a very high odds of NMM (up to 44 folds) among the few deliveries (n=14) 

conducted by Interns, possibly during a very busy shift and an acute emergency 

situation, when the more experienced registrars were busy in theatre or attending to 

other cases.  There was no statistically significant difference in the odds of NNM 

among community service doctors and midwives. 

 

An unforeseen finding was the association of previous pregnancy TOP with 

subsequent pregnancy NNM. Our study found that one had an almost 2-fold odds 

increase of having a NNM if they had a previous TOP. A recent study in South 

Ethiopia showed that 9.4% of women with NNM had experienced one or more 

previous TOP [30]. Therefore, patients who have undergone a previous TOP should 

be considered at risk of a poor neonatal outcome. Further research into the 

association of TOP and subsequent pregnancy NNM is needed.  

 

The association between HIV and NNM is not well documented. However, HIV 

infection and ART use has been associated with adverse pregnancy outcome such 

as preterm delivery, LBW and pre-labour rupture of membranes, among others [31]. 

One would expect such adverse outcomes to increase the risk of NNM. Surprisingly, 

HIV infection was not found to be associated with increased prevalence of NNM 

among our cohort of participants. This contrasts with another study that found 

significant risk for cerebral palsy.  

 

Maternal Health in South Africa is significantly affected by the HIV/AIDS epidemic 

[32]. Our result may suggest that the concerted public health and obstetric 

interventions such as widescale HIV testing, expansion of ART access and obstetric 
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prevention of mother to child transmission strategies, might have reduced the 

incidence of HIV associated adverse pregnancy outcomes. Furthermore, it is likely 

that most HIV positive patients presented with suppressed and undetectable viral 

loads before pregnancy. A further study is required to validate this finding.   

 

We found that there was no statistically significant association between ethnicity or 

employment status and NNM. This is contrary to what is suggested by most 

literature, which finds these factors to have an impact on adverse pregnancy 

outcome [33]. This is because ethnicity and employment status may be a surrogate 

for socio-economic status. Education level which is commonly assessed in literature 

is not regularly documented in our antenatal files and thus was not assessed in our 

study. More research is needed to further investigate the importance of this factor.  

 

Women with higher socio-economic status tend to have lower incidence of adverse 

pregnancy outcome [33]. American studies report that disparities in outcome exist 

not only in differing income and education groups, but also in racial groups of similar 

higher education [33]. A Brazilian cross-sectional study found the impact of race and 

ethnicity as individual factors statistically insignificant. They concluded that rather 

poorer socioeconomic status, access to healthcare services, and lower education 

levels should be the focus of research, evaluating risks for poor outcome [34]. 

 

Our findings may be because our study site is a public hospital that mainly serves 

low and middle-class women. Furthermore, most of the patients that access care at 

the hospital, are blacks. Hence, race and ethnicity may not impact on outcome at the 

hospital, due to homogeneity of the population. In South Africa, patients from a 

higher socio-economic class are likely to seek care at private hospitals [35]. In 
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addition to this, white patients are reported to have the lowest propensity to use 

public healthcare of all the races [35]. 

 

This study highlights that significant patient demographic, sociobiological, antenatal, 

and intrapartum factors exist, that are associated with NNM. If we are to target 

specific areas of perinatal management, it can be assumed that the factors identified 

in this study should be chief targets for intervention. From the OFANNM study 

outcome, it can be deduced that within the group of high-risk obstetric patients, there 

exist a subgroup of patients that can be deemed at risk of NNM (the NNMr patient). 

The NNM risk patient factors, as suggested from our OFANNM study, can be seen in 

infographic figure 2, below. Factors significant at multi-logistic regression level are 

summarized in table 6.  

  

  

  

  

  

  

  



25 
 

  
Figure 2 Patient NNMr sketch. A practical diagrammatic representation of the patient at risk of 

neonatal near miss  

  

Table 6: Major neonatal near miss risk patient factors  
Sociodemographic Factors  Antenatal Factors  Delivery Factors  

Advanced maternal age 
Smoking/alcohol/drugs 
Previous TOP 

  
  

Underweight BMI  
Pathological trace  
Gestational age ≤33+6 
Pregnancy specific disorder 
Unbooked 

Medical/Pregnancy disorder 
Multiple pregnancy 

Induction of labour 
Intern delivery  
Registrar delivery 
Community Service doctor 
delivery*  
Elective C/S*  
Emergency C/S*  

 
Key: BMI: body mass index, C/S: caesarean section, TOP: termination of pregnancy, *indicates a 

protective factor  

 

The outcome of this study should be interpreted within its limitations. Although 

replicable, the study used a definition of NNM that in many cases may be subjective 

and may vary, based on the criteria used by different institutions. Another issue 

relating to the NNM definition, used in our study is that of selection bias, which may 

have arisen from the inclusion of preterm gestation <33+6 and birth weight <1750g. 
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These pragmatic criteria were used by Pileggi-Castro et al [4], and thus adopted into 

our study. Delivery gestation of <33+6 and birth weight <1750g do not necessarily 

translate into morbidity or a poor outcome, although they were used in the defining 

criteria for NNM. It is likely that this is contributory to the significant association with 

gestational age in the multivariable logistic regression analysis (Table 5). 

 

Some variables such as duration of labour were not explicitly stated in the records. 

Furthermore, some data such as CD4 counts and viral loads, in the case of HIV 

positive patients, would have been collected from the mothers if the study were to be 

prospective. Due to the study being retrospective, diligent filing and documentation 

was not guaranteed. Bias might have been introduced due to the exclusion of poorly 

documented files from the study.  

 

A strength of this study is the relatively large sample size which powered the study 

adequately to minimize type II error. The population chosen was a random selection 

of patients that are serviced by our study hospital and so findings are truly 

representative of the catchment population. Furthermore, several possible maternal 

explanatory variables were evaluated in this study.  

 

Now that obstetric factors have been identified as markers for NNM, further study is 

needed to assess if there is a cumulative effect of having one or more of the factors 

on the risk for NNM. Strategies targeted at augmenting the modifiable OFANNMs 

should be explored, and reduction rates assessed. The near miss concept should be 

incorporated into broader practice and patients that have any of the identified 
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markers that would describe patient NNMr should be managed at higher centres with 

C/S and paediatric services with a near miss outcome being anticipated.  

  

5 Conclusion  

Some obstetric factors, associated with NNM, are similar to those that contribute to 

adverse outcomes and perinatal mortality. Significant demographic, antenatal, and 

intrapartum/delivery factors have been identified which should be focus points of 

intervention strategies to reduce NNM. Advanced maternal age, social habits, 

underweight BMI, delivery gestations ≤33+6 weeks, pregnancy specific disorders 

and delivery by intern or registrar are associated with NNM. Caesarean section 

delivery is protective. 

 

Some key obstetric factors such as maternal HIV infection, ethnicity, employment 

status and anaemia status did not have a statistically significant association with 

NNM. More research is encouraged to further explore these factors and assess the 

efficacy of interventions. This report will guide counselling and development of 

protocols to prevent NNM in Johannesburg South Africa.   
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Contributions will be published with the final article, and they should accurately reflect contributions to the work. The submitting author is responsible for 

completing this information at submission, and we expect that all authors will have reviewed, discussed, and agreed to their individual contributions ahead of this 

time.  

PLOS ONE will contact all authors by email at submission to ensure that they are aware of the submission.  

Cover letter  

Upload a cover letter as a separate file in the online system. The length limit is 1 page.  

The cover letter should include the following information:  

• Summarize the study’s contribution to the scientific literature  

• Relate the study to previously published work  

• Specify the type of article (for example, research article, systematic review, meta-analysis, clinical trial)  

https://journals.plos.org/plosone/s/authorship#loc-qualifying-for-authorship
https://journals.plos.org/plosone/s/authorship#loc-qualifying-for-authorship
https://journals.plos.org/plosone/s/authorship#loc-group-authorship
https://journals.plos.org/plosone/s/authorship#loc-group-authorship
https://journals.plos.org/plosone/s/authorship#loc-author-contributions
https://journals.plos.org/plosone/s/authorship#loc-author-contributions
https://journals.plos.org/plosone/s/authorship#loc-author-contributions
https://journals.plos.org/plosone/s/authorship#loc-author-contributions
https://journals.plos.org/plosone/s/authorship#loc-author-contributions


 

46 

• Describe any prior interactions with PLOS regarding the submitted manuscript  

• Suggest appropriate Academic Editors to handle your manuscript (see the full list of Academic Editors)  

• List any opposed reviewers  

IMPORTANT: Do not include requests to reduce or waive publication fees in the cover letter. This information will be entered separately in the online submission  

system.  

Read about publication fee assistance.  

Title page  

The title, authors, and affiliations should all be included on a title page as the first page of the manuscript file.    

   Download our sample title, author list, and affiliations page (PDF)  

Abstract  

The Abstract comes after the title page in the manuscript file. The abstract text is also entered in a separate field in the submission system.    

The Abstract should:  

• Describe the main objective(s) of the study  

• Explain how the study was done, including any model organisms used, without methodological detail  

• Summarize the most important results and their significance  

• Not exceed 300 words  

Abstracts should not include:  

• Citations  

• Abbreviations, if possible Introduction  

The introduction should:  

• Provide background that puts the manuscript into context and allows readers outside the field to understand the purpose and significance of 
the study  

http://journals.plos.org/plosone/static/editorial-board
http://journals.plos.org/plosone/static/editorial-board
https://journals.plos.org/plosone/s/publication-fees#loc-publication-fee-support
https://journals.plos.org/plosone/s/publication-fees#loc-publication-fee-support
https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf
https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf


 

47 

• Define the problem addressed and why it is important  

• Include a brief review of the key literature  

• Note any relevant controversies or disagreements in the field  

• Conclude with a brief statement of the overall aim of the work and a comment about whether that aim was achieved  

Materials and Methods  

The Materials and Methods section should provide enough detail to allow suitably skilled investigators to fully replicate your study. Specific information and/or 

protocols for new methods should be included in detail. If materials, methods, and protocols are well established, authors may cite articles where those protocols 

are described in detail, but the submission should include sufficient information to be understood independent of these references.  

Protocol documents for clinical trials, observational studies, and other non-labouratory investigations may be uploaded as supporting information. We recommend 

depositing labouratory protocols at protocols.io. Read detailed instructions for depositing and sharing your labouratory protocols.  

Human or animal subjects and/or tissue or field sampling  

Methods sections describing research using human or animal subjects and/or tissue or field sampling must include required ethics statements. For details, consult 

the reporting guidelines for specific study types.  

Data  

PLOS journals require authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception.  

Large data sets, including raw data, may be deposited in an appropriate public repository. See our list of recommended repositories.  

For smaller data sets and certain data types, authors may provide their data within supporting information files accompanying the manuscript. Authors should take 

care to maximize the accessibility and reusability of the data by selecting a file format from which data can be efficiently extracted (for example, spreadsheets or flat 

files should be provided rather than PDFs when providing tabulated data).  

For more information on how best to provide data, read our policy on data availability. PLOS does not accept references to “data not shown.”  

Cell lines  

Methods sections describing research using cell lines must state the origin of the cell lines used. See the reporting guidelines for cell line research.  

https://www.protocols.io/
https://www.protocols.io/
https://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols
https://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols
https://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols
https://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
https://journals.plos.org/plosone/s/submission-guidelines#loc-guidelines-for-specific-study-types
https://journals.plos.org/plosone/s/recommended-repositories
https://journals.plos.org/plosone/s/recommended-repositories
https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/submission-guidelines#loc-cell-lines
https://journals.plos.org/plosone/s/submission-guidelines#loc-cell-lines
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Labouratory protocols  

To enhance the reproducibility of your results, we recommend and encourage you to deposit labouratory protocols in protocols.io, where protocols can be assigned 

their own persistent digital object identifiers (DOIs).  

To include a link to a protocol in your article:  

1. Describe your step-by-step protocol on protocols.io  

2. Select Get DOI to issue your protocol a persistent digital object identifier (DOI)   

3. Include the DOI link in the Methods section of your manuscript using the following format provided by protocols.io:  

http://dx.doi.org/10.17504/protocols.io.[PROTOCOL DOI]  

At this stage, your protocol is only visible to those with the link. This allows editors and reviewers to consult your protocol when evaluating the manuscript. You can 

make your protocols public at any time by selecting Publish on the protocols.io site. Any referenced protocol(s) will automatically be made public when your article 

is published.  

New taxon names  

Methods sections of manuscripts adding new zoological, botanical, or fungal taxon names to the literature must follow the guidelines for new taxon names.  

Results, Discussion, Conclusions  

These sections may all be separate, or may be combined to create a mixed Results/Discussion section (commonly labeled “Results and Discussion”) or a mixed 

Discussion/Conclusions section (commonly labeled “Discussion”). These sections may be further divided into subsections, each with a concise subheading, as 

appropriate. These sections have no word limit, but the language should be clear and concise.  

Together, these sections should describe the results of the experiments, the interpretation of these results, and the conclusions that can be drawn.  

Authors should explain how the results relate to the hypothesis presented as the basis of the study and provide a succinct explanation of the implications of the 

findings, particularly in relation to previous related studies and potential future directions for research.  

PLOS ONE editorial decisions do not rely on perceived significance or impact, so authors should avoid overstating their conclusions. See the PLOS ONE Criteria for 

Publication for more information.  

Acknowledgments  

https://www.protocols.io/
https://www.protocols.io/
https://journals.plos.org/plosone/s/submission-guidelines#loc-new-taxon-names
https://journals.plos.org/plosone/s/submission-guidelines#loc-new-taxon-names
https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication
https://journals.plos.org/plosone/s/criteria-for-publication
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Those who contributed to the work but do not meet our authorship criteria should be listed in the Acknowledgments with a description of the contribution.  

Authors are responsible for ensuring that anyone named in the Acknowledgments agrees to be named.  

PLOS journals publicly acknowledge the indispensable efforts of our editors and reviewers on an annual basis. To ensure equitable recognition 

and avoid any appearance of partiality, do not include editors or peer reviewers—named or unnamed—in the Acknowledgments.  
  

Do not include funding sources in the Acknowledgments or anywhere else in the manuscript file. Funding information should only be entered in 

the financial disclosure section of the submission system. References  

Any and all available works can be cited in the reference list. Acceptable sources include:  

• Published or accepted manuscripts  

• Manuscripts on preprint servers, providing the manuscript has a citable DOI or arXiv URL.  

Do not cite the following sources in the reference list:  

• Unavailable and unpublished work, including manuscripts that have been submitted but not yet accepted (e.g., “unpublished work,” “data not 
shown”). Instead, include those data as supplementary material or deposit the data in a publicly available database.  

• Personal communications (these should be supported by a letter from the relevant authors but not included in the reference list)  

References are listed at the end of the manuscript and numbered in the order that they appear in the text. In the text, cite the reference number in square brackets 

(e.g., “We used the techniques developed by our colleagues [19] to analyze the data”). PLOS uses the numbered citation (citation-sequence) method and first six 

authors, et al.  

Do not include citations in abstracts.   

Make sure the parts of the manuscript are in the correct order before ordering the citations.  

Formatting references  

Because all references will be linked electronically as much as possible to the papers they cite, proper formatting of the references is crucial.   

PLOS uses the reference style outlined by the International Committee of Medical Journal Editors (ICMJE), also referred to as the “Vancouver” style. Example formats 

are listed below. Additional examples are in the ICMJE sample references.  

http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.nlm.nih.gov/bsd/uniform_requirements.html
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A reference management tool, EndNote, offers a current style file that can assist you with the formatting of your references. If you have 

problems with any reference management program, please contact the source company's technical support.  

Journal name abbreviations should be those found in the National Center for Biotechnology Information (NCBI) databases.   

Source  Format  

Published articles  Hou WR, Hou YL, Wu GF, Song Y, Su XL, Sun B, et al. cDNA, genomic sequence cloning and overexpression of 

ribosomal protein gene L9 (rpL9) of the giant panda (Ailuropoda melanoleuca). Genet Mol Res. 2011;10: 

1576-1588.  

Devaraju P, Gulati R, Antony PT, Mithun CB, Negi VS. Susceptibility to SLE in South Indian Tamils may be 

influenced by genetic selection pressure on TLR2 and TLR9 genes. Mol Immunol. 2014 Nov 22. pii: 

S01615890(14)00313-7. doi: 10.1016/j.molimm.2014.11.005.  

  
Note: A DOI number for the full-text article is acceptable as an alternative to or in addition to traditional 
volume and page numbers. When providing a DOI, adhere to the format in the example above with both 
the label and full DOI included at the end of the reference (doi: 10.1016/j.molimm.2014.11.005). Do not 
provide a shortened DOI or the URL.  

Accepted, 
unpublished articles  

Same as published articles, but substitute “Forthcoming” for page numbers or DOI.  

Online articles  Huynen MMTE, Martens P, Hilderlink HBM. The health impacts of globalisation: a conceptual framework.  
Global Health. 2005;1: 14. Available from: http://www.globalizationandhealth.com/content/1/1/14  

 

 Source  Format  

Books  Bates B. Bargaining for life: A social history of tuberculosis. 1st ed. Philadelphia: University of Pennsylvania 

Press; 1992.  

Book chapters  Hansen B. New York City epidemics and history for the public. In: Harden VA, Risse GB, editors. AIDS and 
the historian. Bethesda: National Institutes of Health; 1991. pp. 21-28.  

https://endnote.com/style_download/plos-public-library-of-science-all-journals/
https://endnote.com/style_download/plos-public-library-of-science-all-journals/
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
http://www.globalizationandhealth.com/content/1/1/14
http://www.globalizationandhealth.com/content/1/1/14
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Deposited Krick T, Shub DA, Verstraete N, Ferreiro DU, Alonso LG, Shub M, et al. Amino acid metabolism conflicts with articles 

(preprints, e- protein diversity. arXiv:1403.3301v1 [Preprint]. 2014 [cited 2014 March 17]. Available prints, or arXiv) from: 

https://128.84.21.199/abs/1403.3301v1  

Kording KP, Mensh B. Ten simple rules for structuring papers. BioRxiv [Preprint]. 2016 bioRxiv 088278 
[posted 2016 Nov 28; revised 2016 Dec 14; revised 2016 Dec 15; cited 2017 Feb 9]: [12 p.]. Available 
from: https://www.biorxiv.org/content/10.1101/088278v5 doi: 10.1101/088278  

 Published media  Fountain H. For Already Vulnerable Penguins, Study Finds Climate Change Is Another Danger. The New  

(print or online  York Times. 2014 Jan 29 [Cited 2014 March 17]. Available  

newspapers and  from: http://www.nytimes.com/2014/01/30/science/earth/climate-change-taking-toll-on-
penguinsmagazine articles)  study-finds.html  

New media (blogs,  Allen L. Announcing PLOS Blogs. 2010 Sep 1 [cited 17 March 2014]. In: PLOS Blogs [Internet]. 
San web sites, or other  Francisco: PLOS 2006 - . [about 2 screens]. Available written works)  from: 
http://blogs.plos.org/plos/2010/09/announcing-plos-blogs/.  

Masters' theses or  Wells A. Exploring the development of the independent, electronic, scholarly journal. M.Sc. Thesis, The 
doctoral dissertations University of Sheffield. 1999. Available from: http://cumincad.scix.net/cgi-bin/works/Show?2e09  

Databases and  Roberts SB. QPX Genome Browser Feature Tracks; 2013 [cited 2013 Oct 5]. Database: figshare [Internet].  
repositories (Figshare, Available from: http://figshare.com/articles/QPX_Genome_Browser_Feature_Tracks/701214 
arXiv)  

Source  Format  

Multimedia (videos,  Hitchcock A, producer and director. Rear Window [Film]; 1954. Los Angeles: MGM.  
movies, or TV shows)  

Supporting information  

Authors can submit essential supporting files and multimedia files along with their manuscripts. All supporting information will be subject to peer 

review. All file types can be submitted, but files must be smaller than 20 MB in size.  

https://128.84.21.199/abs/1403.3301v1
https://128.84.21.199/abs/1403.3301v1
https://www.biorxiv.org/content/10.1101/088278v5
https://www.biorxiv.org/content/10.1101/088278v5
https://www.nytimes.com/2014/01/30/science/earth/climate-change-taking-toll-on-penguins-study-finds.html
https://www.nytimes.com/2014/01/30/science/earth/climate-change-taking-toll-on-penguins-study-finds.html
https://www.nytimes.com/2014/01/30/science/earth/climate-change-taking-toll-on-penguins-study-finds.html
https://www.nytimes.com/2014/01/30/science/earth/climate-change-taking-toll-on-penguins-study-finds.html
http://blogs.plos.org/plos/2010/09/announcing-plos-blogs/
http://blogs.plos.org/plos/2010/09/announcing-plos-blogs/
http://cumincad.scix.net/cgi-bin/works/Show?2e09
http://cumincad.scix.net/cgi-bin/works/Show?2e09
http://figshare.com/articles/QPX_Genome_Browser_Feature_Tracks/701214
http://figshare.com/articles/QPX_Genome_Browser_Feature_Tracks/701214
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Authors may use almost any description as the item name for a supporting information file as long as it contains an “S” and number. For example, “ 

S1 Appendix” and “S2 Appendix,”  “S1 Table” and “S2 Table,”    and so forth.  

Supporting information files are published exactly as provided, and are not copyedited.  

Supporting information captions  

List supporting information captions at the end of the manuscript file. Do not submit captions in a separate file.  

The file number and name are required in a caption, and we highly recommend including a one-line title as well. You may also include a legend in 

your caption, but it is not required.  

Example caption  

  

S1 Text. Title is strongly recommended. Legend is optional.  

In-text citations  

We recommend that you cite supporting information in the manuscript text, but this is not a requirement. If you cite supporting information in the text 

, citations do   not need to be in numerical order.  

Read the supporting information guidelines for more details about submitting supporting information and multimedia files.  

Figures and tables Figures  

Do not include figures in the main manuscript file. Each figure must be prepared and submitted as an individual file.  

Cite figures in ascending numeric order at first appearance in the manuscript file.  

 

Figure captions must be inserted in the text of the manuscript, immediately following the paragraph in which the figure is first cited (read order). Do not include 

captions as part of the figure files themselves or submit them in a separate document.  

At a minimum, include the following in your figure captions:  

Read the guidelines for figure s   and  requirements for reporting blot and gel result s .   

Figure captions  

https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/supporting-information
https://journals.plos.org/plosone/s/figures
https://journals.plos.org/plosone/s/figures
https://journals.plos.org/plosone/s/figures
https://journals.plos.org/plosone/s/figures#loc-blot-and-gel-reporting-requirements
https://journals.plos.org/plosone/s/figures#loc-blot-and-gel-reporting-requirements
https://journals.plos.org/plosone/s/figures#loc-blot-and-gel-reporting-requirements
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• A figure label with Arabic numerals, and “Figure” abbreviated to “Fig” (e.g. Fig 1, Fig 2, Fig 3, etc). Match the label of your figure with the name 

of the file uploaded at submission (e.g. a figure citation of “Fig 1” must refer to a figure file named “Fig1.tif”). •  A concise, descriptive title  

The caption may also include a legend as needed.  

 

Cite tables in ascending numeric order upon first appearance in the manuscript file.  

Place each table in your manuscript file directly after the paragraph in which it is first cited (read order). Do not submit your tables in separate files.  

Tables require a label (e.g., “Table 1”) and brief descriptive title to be placed above the table. Place legends, footnotes, and other text below the table.   

Read the guidelines for tables.  

Statistical reporting 

Manuscripts submitted to PLOS ONE
  

are expected to report statistical methods in sufficient detail for others to replicate the analysis 

performed. Ensure that results are rigorously reported in accordance with community standards and that the statistical methods employed 

are appropriate for the study design.    

  

Consult the following resources for additional guidance: 

  
• S

A
M
P
L
 
g
uidelines, for general guidance on statistical reporting 

• 

• 

• 

    
PLOS ONE guidelines, for clinical trials requirements 

      
PLOS ONE guidelines, for systematic review and meta-analysis requirements  

     
EQUATOR, for specific reporting guidelines for a range of other study types     

Read more about figure caption s .   

Tables  

https://journals.plos.org/plosone/s/tables
https://journals.plos.org/plosone/s/tables
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
https://journals.plos.org/plosone/s/submission-guidelines#loc-clinical-trials
https://journals.plos.org/plosone/s/submission-guidelines#loc-clinical-trials
https://journals.plos.org/plosone/s/submission-guidelines#loc-clinical-trials
https://journals.plos.org/plosone/s/submission-guidelines#loc-clinical-trials
https://journals.plos.org/plosone/s/submission-guidelines#loc-systematic-reviews-and-meta-analyses
https://journals.plos.org/plosone/s/submission-guidelines#loc-systematic-reviews-and-meta-analyses
https://journals.plos.org/plosone/s/submission-guidelines#loc-systematic-reviews-and-meta-analyses
https://journals.plos.org/plosone/s/figures#loc-captions
https://journals.plos.org/plosone/s/figures#loc-captions
https://journals.plos.org/plosone/s/figures#loc-captions
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Reporting of statistical methods 

  

In the methods, include a section on statistical analysis that reports a detailed description of the statistical methods. In this section: 

  

• List the name and version of any software package used, alongside any relevant references 
    

• Describe the technical details or procedures required to reproduce the analysis 
    

• Provide the repository identifier for any code used in the analysis (See our code-sharing policy.) 

  
Statistical reporting guidelines: 

  

• Identify research design and independent variables as being between- or within-subjects 
      

• For pre-processed data: 
      

o Describe any analysis carried out to confirm the data meets the assumptions of the analysis performed (e.g.  

 linearity, co-linearity,  normality of the distribution). 

  

o If data were transformed include this information, with a reason for doing so and a description of the  

transformation performed    

• Provide details of how outliers were treated and your analysis, both with the full dataset and with the outliers removed    

• If relevant, describe how missing/excluded data were handled    

• Define the threshold for significance (alpha)  

• If appropriate, provide sample sizes, along with a description of how they were determined. If a sample size calculation was performed, 
specify the inputs for power, effect size and alpha. Where relevant, report the number of independent replications for each experiment.  

• For analyses of variance (ANOVAs), detail any post hoc tests that were performed  

• Include details of any corrections applied to account for multiple comparisons. If corrections were not applied, include a justification for not 
doing so  

    

https://www.equator-network.org/reporting-guidelines/
https://journals.plos.org/plosone/s/submission-guidelines#loc-methods-software-databases-and-tools
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• Describe all options for statistical procedures. For example, if t-tests were performed, state whether these were one- or two-tailed. Include 
details of the type of t-test conducted (e.g. one sample, within-/between-subjects).  

• For step-wise multiple regression analyses:  

o Report the alpha level used  

o Discuss whether the variables were assessed for collinearity and interaction  

o Describe the variable selection process by which the final model was developed (e.g., forward-stepwise; best subset). See SAMPL 
guidelines.  

• For Bayesian analysis explain the choice of prior trial probabilities and how they were selected. Markov chain Monte Carlo settings should be 
reported.  

Reporting of statistical results  

Results must be rigorously and appropriately reported, in keeping with community standards.  

• Units of measurement. Clearly define measurement units in all tables and figures.  

• Properties of distribution. It should be clear from the text which measures of variance (standard deviation, standard error of the mean, 
confidence intervals) and central tendency (mean, median) are being presented.  

• Regression analyses. Include the full results of any regression analysis performed as a supplementary file. Include all estimated regression 
coefficients, their standard error, P-values, and confidence intervals, as well as the measures of goodness of fit.  

• Reporting parameters. Test statistics (F/t/r) and associated degrees of freedom should be provided. Effect sizes and confidence intervals 
should be reported where appropriate. If percentages are provided, the numerator and denominator should also be given.  

• P-values. Report exact P-values for all values greater than or equal to 0.001. P-values less than 0.001 may be expressed as p < 0.001, or as 
exponentials in studies of genetic associations.  

• Displaying data in plots. Format plots so that they accurately depict the sample distribution. 3D effects in plots can bias and hinder 
interpretation of values, so avoid them in cases where regular plots are sufficient to display the data.  

• Open data. As explained in PLOS’s Data Policy, be sure to make individual data points, underlying graphs and summary statistics available at 
the time of publication. Data can be deposited in a repository or included within the Supporting Information files.  

Data reporting  

All data and related metadata underlying the findings reported in a submitted manuscript should be deposited in an appropriate public repository, unless already 

provided as part of the submitted article.  

http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
http://www.equator-network.org/wp-content/uploads/2013/03/SAMPL-Guidelines-3-13-13.pdf
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/data-availability
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See instructions on providing underlying data to support blot and gel results  

Read our policy on data availability.  

Repositories may be either subject-specific (where these exist) and accept specific types of structured data, or generalist repositories that accept multiple data 

types. We recommend that authors select repositories appropriate to their field. Repositories may be subject-specific (e.g., GenBank for sequences and PDB for 

structures), general, or institutional, as long as DOIs or accession numbers are provided and the data are at least as open as CC BY. Authors are encouraged to select 

repositories that meet accepted criteria as trustworthy digital repositories, such as criteria of the Centre for Research Libraries or Data Seal of Approval. Large, 

international databases are more likely to persist than small, local ones.  

See our list of recommended repositories.  

To support data sharing and author compliance of the PLOS data policy, we have integrated our submission process with a select set of data repositories. The list is 

neither representative nor exhaustive of the suitable repositories available to authors. Current repository integration partners include Dryad and FlowRepository. 

Please contact data@plos.org to make recommendations for further partnerships.  

Instructions for PLOS submissions with data deposited in an integration partner repository:  

• Deposit data in the integrated repository of choice.  

• Once deposition is final and complete, the repository will provide you with a dataset DOI (provisional) and private URL for reviewers to gain 
access to the data.  

https://journals.plos.org/plosone/s/figures#loc-figure-preparation-checklist
https://journals.plos.org/plosone/s/figures#loc-figure-preparation-checklist
https://journals.plos.org/plosone/s/figures#loc-figure-preparation-checklist
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/data-availability
https://journals.plos.org/plosone/s/recommended-repositories
https://journals.plos.org/plosone/s/recommended-repositories
http://datadryad.org/
http://datadryad.org/
https://flowrepository.org/
https://flowrepository.org/
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Striking image  

You can choose to upload a “Striking Image” that we may use to represent your article online in places like the journal homepage or in search results.  

The striking image must be derived from a figure or supporting information file from the submission, i.e., a cropped portion of an image or the entire image. 
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1. Introduction  

  

Neonatal Health: An Unaccomplished Goal  

The reduction of neonatal mortality is a yet to be achieved target of the millennium 

development goals, set by the World Health Organization (WHO), for women and children’s 

health. As of 2015, 2.7 million deaths or up to 45% of all under five deaths occur in the 

neonatal period. The Sustainable Development Goal target 3.2 aims at reducing the neonatal 

mortality rate to 12 per 1000 births by 2030. Currently the inability to reduce the burden of 

neonatal death is likely to hinder the achievement of this goal (1).   

  

In Latin America a reduction of 77% in infant mortality from 1990-2012 was maligned by a 

minimal decrease in mortality of the neonatal age group. Recent literature reports that 

neonatal mortality accounts for up to 70% of the infant mortality rate (2). It is therefore vital 

that efforts are undertaken to address this problem.   

  

The neonatal near miss (A concept analogous to the maternal near miss)  

The concept of the maternal near miss, as a tool for assessing and improving the quality of 

maternal healthcare, is growing and it has been used in clinical audits and epidemiological 

surveillance(3). One benefit of this concept is that it analyses cases of morbidity and poor 

outcome as opposed to analyzing cases of death (4). This allows it to be used even in settings 

in which the incidence of maternal death is relatively low.  

  

The newer concept of the neonatal near miss (NNM) can be paralleled to this and similarly 

used to assess and improve neonatal outcomes. A neonatal near miss can be defined as a 

neonate who had a severe morbidity, and otherwise would’ve died, but survived either by 

chance or due to medical intervention (5). The period for neonatal near miss is generally 

accepted as the above stated occurring before the first 28 days of life (2). The WHO 

millennium development goals include the reduction of the mortality rate in the under-five 

age groups as one of the goals. Literature reports that a significant amount of infant deaths 

within this group occur during the neonatal period and this highlights the importance and 

need for a tool that may serve to identify deficiencies in care (1)(6).  
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Mortality vs Morbidity: A False Sense of Wellbeing  

The frequency of NNM is more common than that of neonatal mortality. Whilst most studies 

focus on mortality, a false sense of wellbeing can be gained from not including the significant 

number of neonatal near miss cases that go unstudied(4). It therefore makes sense that a trend 

towards exploring cases of neonatal morbidity has developed. In a study done in Mumbai of 

NNM cases from September 2012 till August 2013 the Near miss rate was 4.6% with a NNM 

to mortality rate of 9.4:1 respectively (1)..  

  

Benefits of evaluating neonatal near miss cases  

NNM can be used to evaluate cases in which the outcome was morbidity as opposed to 

fatality. The incidence of perinatal morbidity is up to four fold higher than that of perinatal 

mortality (6)(7). This means there are more available cases and hence data that can be 

analyzed. From this data we can then target and recommend solutions to problem areas 

identified. It can be assumed that prior to a neonatal death, the neonate will go through phases 

that would classify them with markers for NNM and thus lessons learnt from cases of 

neonatal death can be reinforced by assessing NNM (6). Comparative statistical data can also 

be calculated, such as a “neonatal mortality index”(3).  Similarly to the “maternal mortality 

index” which is calculated from assessing maternal near miss in relation to maternal deaths, 

similar extrapolations can be made with neonatal cases (7). Auditing NNM is an important 

tool in developing strategies for improving perinatal care (4).  

  

Can obstetric factors contributing to perinatal mortality be used for neonatal near miss? 

Biological factors such as maternal age extremities have been associated with higher neonatal 

mortality rates. Teenagers less than 18 years old and women older than 34 where each found 

to have increasing rates of pregnancy complication leading to mortality (8). The Saving 

Babies report of 2006-2007 highlighted the top three causes of a high perinatal mortality rate. 

It was found that intrapartum birth asphyxia, birth trauma and spontaneous preterm delivery 

were common causes for an increased perinatal mortality (8)(9).   

  

Severe obstetric complications significantly contribute to both neonatal deaths and NNM 

cases. Conditions such as severe pre-eclampsia, abruptio placenta, caesarean section (C/S) 

delivery and prematurity have all been associated with foetal demise (7).   

One study reviewed during a literature search reports that birth weight is significantly 

different between groups of normal outcome, morbidity and mortality (11). Whilst another  
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study states that a significant amount of women have no recognizable obstetric or medical 

conditions at the time of a perinatal death, Intrapartum care and hypertension were implicated 

as factors for morbidity (12)(9).   

  

A prospective cohort study done in Brazil 2011 investigated factors associated with neonatal 

deaths and near miss cases and found statistical significance in a number of factors. Maternal 

syphilis, lack of perinatal care, C/S and hospital delivery were all associated with NNM. 

Hemorrhage, lack of prenatal care and hospital access were associated with death. This study 

concluded that access to qualified care was necessary to reduce life-threatening situations  

(13).  

  

Scoring for neonatal morbidity and poor outcomes  

Various scoring systems already exist, for assessing neonatal morbidity. Currently there is no 

standardized and internationally accepted criteria for NNM. The NNM rate from studies to 

date ranges from 21-72%. The reason suggested for this discrepancy is the broad and 

nonstandardized criteria for identifying the NNM (1).   

  

There are various proposed criteria from which to identify cases. Early and smaller studies 

suggested Hypoxic Ischaemic Encephalopathy (HIE) as a potential near miss marker for 

perinatal death from intrapartum asphyxia (14). Another study has linked intrapartum 

complications such as uterine rupture to adverse outcomes (3).Recommendations suggest that 

simpler scoring systems should be employed with more variables being looked at e.g.  

Congenital Malformations which weren’t looked at in prior studies (1).   

  

More recent studies have looked at a broader range of possible markers. Factors used to serve 

as markers for severe neonatal morbidity have a high accuracy for diagnosing neonatal death 

as found by two large WHO surveys. The WHO Global Survey on Maternal and Perinatal 

Health (WHOGS) and WHO Multicountry survey on Maternal and Newborn Health 

(WHOMCS) allowed for the evolution of specific criteria for identitfying NNM (5). A study 

of extreme importance is that done by Pileggi et al. which developed these criteria from a 

database analysis of these two studies (1). The criteria proposed by this landmark study were 

categorized as Pragmatic criteria and management criteria, as follows;  
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Pragmatic criteria:  

 Birth weight <1750g  

 Apgar < 7 at 5 mins life  

 Gestational age <33 weeks at delivery Management Criteria:  

 Parental antibiotic therapy (before 28 days of life)  

 Nasal CPAP  

 Any intubation within the first 7 days of life  

 Phototherapy within the first 24 hours life  

 Vasoactive drugs  

 Anticonvulsant therapy  

 Surfactant use  

 Blood transfusion  

 Steroid for refractory hypoglycaemia  

 Any surgical intervention  

Where the management criteria served as a proxy for organ system dysfunction sustained by 

the neonate during the case, signifying the poor outcome. This study paved the way for 

subsequent studies which assessed factors associated with morbid outcomes.  

  

a.  Problem statement   

Neonatal mortality and morbidity is a significant challenge, especially in resource poor 

settings such as Rahima Moosa Mother and Child hospital (RMMCH). The quality of 

obstetric care that a patient receives affects the outcome of a case. In the University of the 

Witwatersrand (Wits) circuit the association between the obstetric care and the NNM has not 

yet been studied. A study exploring the association between obstetric factors and NNM, 

specifically in our setting, is needed to provide insight into the impacts of obstetric care on 

neonatal outcomes. I believe such a study will offer new knowledge on issues contributing to 

poor neonatal outcomes and thus lay a platform for us to improve our quality of care.  

  

2. Study Aim  

  

This study aims to investigate obstetric factors that are associated with neonatal near miss 

cases at RMMCH, during the year 2016. In doing so the study will hopefully contribute  
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towards service improvement and further studies that will explore strategies directed at 

improving these factors.  

a. Objectives  

1.To describe the sociobiological and clinical characteristics of cases 

with neonatal near miss and cases with normal baby outcomes.  

2. To compare the sociobiological and clinical characteristics of 

cases with neonatal near miss and cases with normal baby outcomes.  

3. To evaluate the relationships between obstetric factors and 

having a neonatal near miss.    

  

3. Methods  

a. Study Site  

RMMCH is a regional hospital in Johannesburg, South Africa and forms a complex 

with the nearby Helen Joseph Hospital. It is part of the University of the 

Witwatersrand Academic Hospitals Circuit. It consists of an Obstertrics and 

Gynaecolocgy department and a Paediatrics department. Ancillary departments 

serving to assist in service provision are an, Anaesthesiology, Psychiatry,  

Occupational Health, Speech Therapy, Dietetics, Polyclinic, Social Work, Radiology, 

Emergency Department and Empilweni H.I.V department. RMMCH serves as the 

referral center for multiple clinics, midwife obstetric units (MOUs) and district 

hospitals in the Johannesburg Metro region.  

  

Approximately 700 Normal vaginal deliveries (NVDs) and 300 C/S deliveries per 

month occur in this institution. Deliveries consist of both low risk and high risk 

pregnancies. In South Africa the perinatal mortality rate (PNMR) is 33.4/1000 total 

births and in regional hospitals it is 42.7/1000 (8). At RMMCH the rate was  

30.5/1000 in 2016.  

  

b. Study Design  

  

This study is a retrospective case control study comparing cases of patients with 

neonatal near miss and normal pregnancy outcomes in the year 2016.   
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c. Study Groups  

Babies that fit any of the neonatal near miss criteria (group 1) and normal outcome 

babies (group 2) will be selected from the neonatal database at RMMCH. A control 

group of babies with normal outcomes will then be selected for comparison. The 

mothers of these two groups of babies (respectively group 3 & group 4) will then be 

analyzed for obstetric factors which may be deemed of significance.  

  

1. Recruitment strategy  

Step 1 will be to scan the neonatal database for near miss cases during 2016. These 

babies would either have been admitted to ward 16b or the Paediatric Intensive   

Care Unit (PICU) (fig.1 Appendix A). Their data is already collected into the 

RMMCH database using data collection tools (see appendix B and C).   

  

The next step will be to recruit a control group of normal babies. Group 2 comprises 

of babies that will not have been admitted for prolonged periods of time, given their 

normal outcome. Their files are usually kept with the corresponding maternal file and 

so they will be recruited from the postnatal ward admissions list over the same period 

of time, then sourced in the records department. A ratio of 1 NNM: 2 normal files will 

be recruited. This method will result in the maternal group of the normal babies being 

sourced simultaneously as the corresponding neonatal files.   

  

The maternal files for the NNM cases are kept separately in the records department 

and will be sourced separately once the poor outcome list is complete. Each of the 

cases of neonatal near miss will then be pulled and analyzed for obstetric factors to be 

identified. Recruitment of cases will be at a rate of 1 NNM: 2 normal outcomes over 

the period 1st January 2016 to 31st December 2016.  

  

2. Inclusion Criteria  

Pragmatic Criteria: Any one or more of the following;  

 Birthweight (≤1700g)  

 APGAR (≤6 at 5mins)  

 Gestational age (≤32/40)  
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Management criteria as a proxy for organ dysfunction: Any one or more of the 

following;  

 Early parental antibiotics  

 CPAP  

 Intubation & Ventilation (Day1-Day27)  

 Phototherapy (Day 0 to Day 1)  

 Inotropic Support  

 Anticonvulsant therapy  

 Surfactant use  

 Blood transfusion  

 Steroids for refractory hypoglycaemia  

 Any surgical intervention  

 Therapeutic Cooling   

  

3. Exclusion Criteria  

 Inadequately kept records/documentation that doesn’t allow for transcription onto 

data collections sheet  

 Cases that became Early Neonatal Deaths/Late Neonatal Deaths  

  

d. Data Collection  

Data will be collected and managed using REDCap electronic data capture tools hosted at 

Wits (15). REDCap (Research Electronic Data Capture) is a secure, web-based application 

designed to support data capture for research studies, providing: 1) an intuitive interface for 

validated data entry; 2) audit trails for tracking data manipulation and export procedures; 3) 

automated export procedures for seamless data downloads to common statistical packages; 

and 4) procedures for importing data from external sources.  

  

4. Data Analysis and Statistics  

Data will be imported from Excel spreadsheet with Statistica® Version 13 Software.  

Descriptive statistics will be conducted for categorical and continuous data.   

  

Objective 1: Categorical variables such as age, gender, mode of delivery and H.I.V status, 

will be described using frequencies, percentages and charts. Continuous variables such as  
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Gestational age, duration of labour and apgar score will be  described as mean ±SD, if they 

are normally distributed and as median (IQR) if they are not normally distributed. Objective 

2: The comparison of categorical variables amongst babies with NNM versus babies without 

NNM will be done using Pearson’s Chi-Square test. Continuous variables will be compared 

using a Student’s t-test, if they are normally distributed or a Mann-Whitney U test, if they are 

not normally distributed.  

Objective 3: Categorical maternal factors such as mode of delivery, alcohol use and H.I.V 

will be compared using Pearson’s Chi-Square test. Continuous variables will be compared 

using a Student’s t-test, if they are normally distributed or a Mann-Whitney U test, if they are 

not normally distributed.  

  

Univariable and multivariable logistic regression will be conducted with the NNM status of 

the baby (i.e. either near miss or normal) as the outcome, and the maternal factors will be the 

predictor and explanatory variables. The statistical significance level will be set at a 

confidence interval of 95% (P-value of 0.05).  

  

5. Ethics  

The study will be conducted with patient identification data being completely confidential, 

known only to the researcher. Patient identifiers such as names or hospital and file numbers 

will be kept separate from the data sheet (See Appendix). A study number will be allocated to 

patients used in the study. Ethics clearance for the study will be applied for with the 

University of the Witwatersrand Health Research Ethics Committee.  

  

Given that this study will be analyzing poor outcomes, care must be taken when investigating 

and reporting on the factors of such sensitive cases. Furthermore there is the possibility of 

medicolegal progression, which further highlights the need for discretion when analyzing the 

cases. A confidential enquiries approach is of value such as that described by Buchmann et 

al, 2009 (12).   

  

Intent to disseminate  

Once complete the research will be available to the University of the Witwatersrand 

postgraduate committee as well as the College of Medicine South Africa as a required 

component of the registrar logbook. The research may be published or presented in 

the form of abstract, poster or PowerPoint at research days.  
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6. Timing   

2017  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  

Protocol 

development  

              X  X  X      

Submission                      X    

Correction                      X    

Ethics                      X    

Data 

collection  

                      X  

2018  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  

Analysis  X  X                      

Write up      X  X                  

Marking          X                

Corrections            X              

  

7. Funding  

The study will be funded solely by the researcher to cover costs of printing materials, 

stationery and basic miscellaneous goods.  

  

8. Potential Bias and Limitations  

 The study is not blinded and is being performed by one person, while this should 

assist with consistency it does allow for bias.  

 The definition of near miss in many cases may be subjective and may vary, based on 

the criteria used by the individual who entered the case as a near miss.  

 As this is a retrospective approach, diligent file documented cannot guaranteed and 

this might lead to the exclusion of poorly documented files from the study.  

  

9. Conclusion  

My proposed study is one that has not been done before in the Wits circuit. I feel it 

carries relevance in that it will provide new insight into the obstetric factors that are 

associated with neonatal near miss cases, specifically in our setting. This new 

knowledge will contribute towards the improvement of quality of care and 

reduction of poor outcomes for our patients.   
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partogram filled 2 hourly till deliveryYes 
No 

Electronig Foetal Monitoring Done?Yes 
No 

Foetal monitoring typeSingle Strip 
Intermittent 
Continuous 

Mode of DeliveryNormal Vaginal Delivery 
Assisted Vaginal Delivery 

Caesarean Section 

Type of assisted vaginal deliveryForceps 
Vacuum 

Type of Caesarean SectionEmergency 
Elective 

Delivering Healthcare Worker(s)Midwife 
Intern Doctor 

Comm Serve Doctor 
Registrar Doctor 

Consultant Doctor 

Delivery difficulties reported?Yes No 
Delivery difficulty __________________________________ 

Partogram used during active phase Yes 
No 
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11. Appendix A: Research Matrix  

  
Figure 1Research Matrix: Recruitment strategy, leading to analysis and comparison.  
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When Haematinics started 1st Trimester 
2nd Trimester 
3rd Trimester 

Antenatal TransfusionYes 
No 

Syphilis (RPR positive)Reactive 
Non-Reactive 

Gestational age at Diagnosis1st Trimester 
2nd Trimester 
3rd Trimester 

Syphillis Treatment Received  Yes 
No 

(Only yes if completed treatment) 

Syphillis Treatmet TypePenicillin 
Erythromycin 

Other 

HIV Statuspositive negative unkown 

cd4 count known?Yes 
No 

cd count __________________________________ 

Viral load known Yes No 

viral load __________________________________ 
(Latest VL before delivery) 



Confidential 

78 

01-11-2017 01:36 www.projectredcap.org  

HAART StartedYes 
No 

When HAART startedPre pregnancy 
1st Trimester 
2nd Trimester 
3rd Trimester 

ARV regimenFDC 
Other 

Rhesus Positive 
Negative 
Unknown 

Rhesus Maternal AntibodiesPositive 
Negative 
Untested 

Rhesus incompatibility TreatmentImmunoglobulin Transfusion 
Gestational Age __________________________________ 
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Gestational Age estimated by Dates 
Early Sonar 
Late Sonar 

Palpation 

Comorbidities during index pregnancyDiabetes Mellitus 
Epilepsy 

Asthma/COPD 
Cardiac Disease 
Thyroid disorder 

Tuberculosis 
Hypertension 

Other 
Other comorbidity (Specify) __________________________________ 
Previous Pregnancy(ies) ComplicationsMiscarriage 

Termination 
Ectopic 

Hypertension 
Antepartum Haemorrhage 
Postpartum Haemorrhage 

Diabetes in Pregnancy 
IUFD 

Preterm Labour 
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Preterm prelabour rupture of membranes 
Prelabour rupture of membranes 

Chorioamnionitis 
Malpresentation 
Induced Labour 

Assisted Delivery 
Caesarean Section 

IUGR 
Postdates 

Foetal distress 

No Previous C/Sone 
two three or 

more 

Index Pregnancy Antepartum ComplicationHypertension 
Antepartum Haemorrhage 

Diabetes in Pregnancy 
Preterm Labour 

Preterm prelabour rupture of membranes 
Prelabour rupture of membranes 

Chorioamnionitis 
Malpresentation 

IUGR 
Congenital Abnormality 

Antepartum Foetal Distress 

Class of HypertensionChronic Hypertension 
Gestational Hypertension 

Pre Eclampsia 
HELLP Syndrome 

Imminent Eclampsia 
Eclampsia 

(HELLP syndrome and imminent eclampsia included) 

HPT Treatment Started?Yes No 
Page 4 of 5 

Hypertension control at last antenatal visit poor 
fair 
good 

Gestation at diagnosis of hypertensive complication2nd trimester 
3rd trimester 

(fisrt diagnosis in cases of multiple diagnosis) 

APH Diagnosisuterine rupture 
abruptio placenta praevia 
vaginal/cervical lesion unknown 

Gestational age at diagnosing diabetespre pregnancy (known) 
1st trimester 
2nd trimester 
3rd trimester 

Diabetes TreatmentYes 
No 
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HBA1C __________________________________ 

Prolonged Rupture of Membranes? Yes No 

Duration of rupture of membranes __________________________________ 
(Hours) 

Antibiotics Given?Yes 
No 

Which antibiotics were givenCo-Amoxiclav 
Amoxacillin 
Ampicillin 

Metronidazole 
Azithromycin 

Erythromycin Other 

specify (other) AB __________________________________ 
malpresentation typeBreech 

Transverse 
Oblique 

Congenital Abnormality __________________________________ 

Labour onset Spontaneous Induced 

Induction indication __________________________________ 
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Induction MethodOral Misoprostol 
Vaginal Prostaglandin 
Vaginal Misoprostol 

Intravenous Oxytocin 
Catheter Induction 

Augmentation of Labour?Yes No 
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Obstetric Factors Associated with NNM 
Page 1 of 5 

Maternal Data 
 

Study Number __________________________________ 

Patient Age __________________________________ 

Patient Height __________________________________ 
(height in meters) 

Patient BMI __________________________________ 

Gravidity __________________________________ 

Parity __________________________________ 

Termination of Pregnancy __________________________________ 

Ectopic Pregnancies __________________________________ 

Multiple Pregnancies __________________________________ 
EmployedYes 

No 

Race DescriptionWhite 
Black 

Coloured 
Indian 
Asian 

HabitsAlcohol Use 
Cigarette Smoking 

other social/illicit Drugs 

Singleton vs Multiple PregnancySingleton 
Multiple 

BookedYes 
No 

Time of booking< 14 weeks 
>14 weeks 

Antenatal visits< 3 visits 
3 or more 

Antenatal Classification of PregnaancyLow Risk 
Medium Risk 

High Risk 
(As per ANC 

classifcation) 

Anaemia in PregnanacyYes 
No 

 (Hb< 11) 

Booking Hb __________________________________ 
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Hb before Labour __________________________________ 
Haematinics StartedYes No 
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13. Appendix C: Neonatal Collection Database Tools wd 16B (As per RMMCH)   
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14. Appendix D: Neonatal Collection Database Tools PICU (As per RMMCH) 
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