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ABSTRACT 
 

 

BACKGROUND: Acinetobacter baumannii is an emerging and challenging 

pathogen in neonatal units, due to its ability to develop resistance against antibiotics. 

Studies on Acinetobacter baumannii infection in premature neonates are lacking in 

developing countries. 

 
OBJECTIVES: To determine the incidence, clinical presentation, antibiotic 

susceptibility profiles and the morbidity and mortality rate of premature neonates 

with Acinetobacter baumannii infection. 

 
METHODS: We conducted a retrospective descriptive study at a tertiary hospital in 

Bloemfontein, South Africa. Medical records were reviewed over 36 months. 

Premature neonates admitted to the neonatal intensive care unit with positive blood, 

urine or cerebrospinal culture for Acinetobacter baumannii were identified through 

the National Health Laboratory Services. 

 
RESULTS: Fifty premature neonates were enrolled. There was an incidence of 103 

cases per 1000 admissions/ year. The median age at the onset of sepsis was 17 

days (IQR 9-26). Known risks such as central venous catheters and parental 

nutrition were found in 78% (39/50), and 68% (34/50) respectively. Respiratory 

distress (56% [28/50]) and abdominal distension (50% [25/50]) were the most 

common clinical signs. Of all the isolates, 86% (43/50) were susceptible to colistin 

only. Supportive therapy was frequently required, 48% (24/50) received vasoactive 

drugs, and 70% (35/50) were mechanically ventilated. Mortality related to infection 

was 36% (18/50). 

 
CONCLUSION: There was a high incidence of Acinetobacter baumannii sepsis in 

premature neonates at Universitas Academic Hospital. A significant number of 

neonates had a central catheter and received parental nutrition. Most isolates were 

resistant to the carbapenems but susceptible to colistin. Vasoactive drugs and 

mechanical ventilation were frequently required. The mortality rate was high from 

Acinetobacter infection which is in keeping with most studies. Strict infection control 

and antibiotic stewardship are imperative. 
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DEFINITIONS 
 

 

 
Early-onset sepsis 

 
Sepsis in the first 72 hours of life [1]

 

Late-onset sepsis Sepsis after the first 72 hours of life [1]
 

Neonate First 28 days of life[1]
 

Prematurity Birth prior to 37 completed weeks gestation [2]
 

Mechanical 

ventilation 

The technique through which gas is moved toward and from 

the lungs through an external device connected directly to the 

patient [3]
 

Thrombocytopenia A platelet count of <150 x10/L[4]
 

Neutropenia A neutrophil count of <1500/mm [5]
 

Multi-drug 

resistant 

Resistance to >3 antibiotics [6]
 

Meditech Medical Information Technology, Incorporated is a 

Massachusetts based software and service company selling 

information systems for health care organisations, Head 

Office situated in Midrand, South Africa 
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CHAPTER 1 

 

LITERATURE REVIEW 
 

 

1.1 INTRODUCTION TO THE STUDY 

 

In developing countries, neonatal sepsis is a significant health issue. Premature and 

low birth weight neonates are at an increased risk for the development of neonatal 

sepsis.[1]
 

Acinetobacter baumannii is an opportunistic gram-negative organism and a 

nosocomial pathogen. The organism is mainly multi-drug resistant with varying 

mechanisms of resistance to antibiotics.[2]
 

Neonates with A.baumannii infection are at an increased risk for severe 

complications and have high morbidity and mortality rates.[3]
 

Anecdotal evidence in our setting is that we have seen a high number of 

A.baumannii infections amongst premature neonates. We have also observed that 

many of these neonates will require vasoactive drugs and escalation of respiratory 

support for survival. We obtained many of the results for a positive A.baumannii 

retrospectively after the death of the neonate. 

This study investigates the incidence, clinical characteristics, frequency of risk 

factors described in the literature, antibiotic susceptibility and the clinical outcomes 

of premature neonates infected with A.baumannii in the neonatal unit. 

This project is a retrospective descriptive study conducted at the neonatal unit 

at Universitas Academic Hospital, Bloemfontein over 36 months. 

 
1.2 LITERATURE REVIEW 

 

1.2.1 Neonatal sepsis 

 

1.2.1.1 Epidemiology 

 
 

According to the Global Report on the Epidemiology and Burden of Sepsis, Molloy 

et al. claims that the World Health Organisation has identified neonatal sepsis as a 

priority in the neonatal population. Neonatal sepsis contributes substantially to 

mortality worldwide.[4]
 

Due to the lack of unified data, it is challenging to standardise international 
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data.[4]
 

An estimated three million neonates are affected globally, with an incidence of 

22 per 1000 live births. Mortality rates in neonatal sepsis vary between 11% and 

19%.[5]
 

 
1.2.1.2 Why neonates are susceptible to infection 

 
 

Exposure to infection while in utero and an altered immune function makes neonates 

substantially different to adults and young children. Immune privilege allows the 

fetus to eliminate toxins more effectively. When the neonate is born, there is an 

enhanced pro-inflammatory response, similar to an "adult" immune response, which 

alters the fetus's immune privilege in utero. This phenomenon is displayed more in 

premature neonates.[4]
 

 
1.2.1.3 Prematurity and sepsis 

 
 

Ten per cent of neonates are born prematurely. The healthcare system is financially 

burdened by sepsis, especially in preterm neonates. Physical and chemical barriers 

such as the skin and mucosa provide the first line of defence against pathogens. 

Premature neonates have an immature stratum corneum, and there is an absence 

of vernix caseosa. The scarcity of goblet cells and impaired mucociliary clearance 

increases the risk of infection. An immature gut and limited exposure to enteral feeds 

and breastmilk are associated with an increased risk for infection. Adaptive immunity 

in the premature neonate is impaired, which increases the risk for microbial 

invasion.[6]
 

 
1.2.1.4 Prevention of preterm delivery 

 
 

One of the primary preventative methods in neonatal sepsis is to prevent premature 

delivery. Early antenatal care and antenatal progesterone in pregnant mothers are 

associated with lower premature delivery rates. Cervical cerclage should be offered 

to women with a shortened cervix. Postdelivery neonatal outcomes improve 

significantly by the administration of a course of steroids to pregnant women.[7]
 



3 
 

 

1.2.1.5 Early onset sepsis 

 
 

Early-onset neonatal sepsis is defined as bacteraemia or bacterial meningitis 

occurring less than 72 hours. In premature neonates, early-onset sepsis is better 

described as sepsis in the first three days of life from pathogens transmitted from 

the mother during or before delivery of the neonate.[8]
 

The risk of death from early-onset sepsis is determined mainly by an earlier 

gestational age and its complications.[8]
 

In a retrospective study by Almudeer et al., early-onset sepsis incidence was 

4.44 per 1000 live births. E.Coli, Group B streptococcus and coagulase-negative 

Staphylococcus were the most common pathogens identified.[9]
 

 
 

Figure 1: Graph showing organisms cultured in early-onset sepsis (Almudeer et al.) 

 

1.2.1.6 Late-onset neonatal sepsis 

 
 

Late-onset sepsis is defined as sepsis occurring after 72 hours of life.[10]
 

Neonates can have more than one episode of late-onset sepsis with the 

subsequent episodes associated with more severe presentations and poorer 

outcomes.[11]
 

Tsai et al. showed that one-fifth of neonates with an initial episode of late-onset 

sepsis would often have recurring episodes requiring a more extended stay in the 

neonatal unit. These neonates had a higher mortality rate (30.7%) than a single 

episode of sepsis (7.8%).[11]
 

Overcrowding, lack of neonatal staff, limited resources and inappropriate 

antibiotic use contribute to late-onset sepsis.[12]
 

Isolated organisms in early onset sepsis 
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Late-onset sepsis is inversely proportional to the gestational age of the neonate.[13]
 

Incidence peaks between days 10-22 of life and is attributed mainly to 

nosocomial infections.[13]
 

Coagulase-negative staphylococci, gram-negative bacilli and fungi are the 

common organisms isolated.[13]
 

Due to the increased risk of death and long-term neurodevelopmental 

complications, empirical antibiotics are often commenced.[13]
 

Multi-resistant Gram-negative infections are increasing in late-onset sepsis 

cases and pose a significant challenge on neonatal units worldwide.[13]
 

 
1.2.2 The emergence of multi-drug resistant organisms in NICUs 

 
 

Multi-drug resistant (MDR) infections have become a global health issue. Clinicians 

are faced with significant challenges in treating multi-drug resistant infections. 

Progress in medicine and health is compromised.[14]
 

In a Taiwanese study, MDR infections were found in 18.6 % of all neonatal 

bacteraemia. Most of these neonates received broad-spectrum antibiotics. There 

was a high rate of carbapenem-resistant bacteria in the neonatal ICU.[11]
 

The incidence of MDR gram-negative bacilli is on an upward trend, and 

occasionally pan-resistant pathogens are cultured. Enzymatic action on bacterial 

morphology, mutations that inhibit the binding of antibiotics from targeting sites and 

modifications in uptake through drug efflux pumps are all factors that contribute to 

antibiotic resistance.[15]
 

A delay in initiating antimicrobials, limited resources and increased virulence of 

pathogens may be associated with the high mortality and morbidity rates from 

antimicrobial-resistant pathogens.[15]
 

Clinical outcomes in multi-drug resistant infections can be improved by trials of 

both old and new antibiotics.[16]
 

In an Egyptian study conducted by Awad et al. in 2016, 77% of isolated 

organisms cultured in the neonatal unit were multi-drug resistant. More than half the 

organisms were Gram-negative bacteria.[17]
 

Screening for multi-drug resistant organisms in the neonatal unit is costly, and 

the role of screening in low-income countries is controversial. Screening may assist 

in developing rational antibiotic use in neonatal units where microbiology services 
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are lacking.[18]
 

Labi et al. showed that multi-drug resistant infections were common in neonates 

with prolonged hospital stays and neonates who received excessive antibiotics.[18]
 

Agarwal et al. demonstrated significant numbers of multi-drug resistance in 

Acinetobacter species (22%), Klebsiella spp (17%) and Escherichia coli (14%) in 

the neonates.[19]
 

 
1.2.3 Antibiotic stewardship in the neonatal intensive care unit 

 
 

Antibiotic stewardship is an integrated programme for the rational use of 

antimicrobials to sustain favourable patient outcomes, reduce microbial resistance, 

and lower the transmission of infections caused by multi-drug resistant 

pathogens.[20]
 

The World Health Organisation advocates for the judicious use of antibiotics in 

neonatal intensive care units. The irrational use of antibiotics and the resultant 

emergence of multi-drug resistance has posed a significant problem globally.[20]
 

The use of antimicrobials in the neonatal intensive unit is different from other 

settings for a few reasons.[21]
 

The neonate with sepsis can present with non-specific or subtle signs. The 

neonate may not have any signs of sepsis. In the early stages of infection, there are 

no laboratory investigations that can confidently exclude infection. These factors, 

therefore, contribute to the empirical use of antibiotics in neonates. A premature 

neonate may have complications due to prematurity, such as apnoeas or 

hypotension, but these signs are misinterpreted for sepsis and antibiotics are 

continued.[21]
 

Neonates born to mothers with chorioamnionitis and neonates undergoing 

surgery frequently receive prolonged courses of antibiotics. Studies are lacking 

regarding peri-operative antibiotics.[21]
 

Neonates have a lower glomerular filtration rate; therefore, there are significant 

differences in pharmacodynamics and pharmacokinetics. These differences make 

ideal dosages and drug-level monitoring challenging in the neonate.[21]
 

The ideal situation would be to administer the narrowest spectrum antibiotic only 

to neonates with proven infection.[22]
 

Ting et al. showed an association between prolonged antibiotic use and adverse 
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outcomes. Neonates who received prolonged antibiotics were at increased risk for 

intraventricular haemorrhage, periventricular leukomalacia, bronchopulmonary 

dysplasia, retinopathy of prematurity, necrotising enterocolitis and late-onset sepsis. 

There were > 20000 neonates enrolled in this study, and it is the most extensive 

study to date, showing the association between early antibiotic exposure and 

composite outcomes.[23]
 

The main aim of antibiotic stewardship in premature neonates is to reduce 

empirical prescribing after birth and reduce the duration of antibiotics in low-risk 

neonates.[24]
 

Lu et al. showed a significant decrease in late-onset sepsis (p=0.03) in the 

number of neonates whose antibiotics were discontinued after 48 hours 

(p=0.0001).[25]
 

Bhat et al. demonstrated a 10.6 % reduction of antibiotic use after 

implementation of an antibiotic stewardship programme.[26]
 

In a study conducted by Cantey et al., antibiotic usage was reduced by 27 % 

after initiating antibiotic stewardship.[27]
 

 
1.2.4 Infection control in the neonatal intensive care unit 

 
 

Infection prevention in the neonatal unit is imperative. The literature is limited on 

infection control in neonatal intensive care units.[28]
 

A telephonic survey was conducted amongst 87% of the 198 neonatal units in 

the United Kingdom in 2012. 12.2 % of neonatal units had closed due to issues with 

infection control. 22.1% of units employed the use of protective clothing for all staff 

working in the department. The use of gloves and aprons were observed in 5.8% 

and 7.6% respectively. Alarmingly, 54% of units were observed to practice hand 

sanitisation before entry into the neonatal unit.[28]
 

Hand sanitisation is considered the best way to prevent health-worker 

associated infections. The mechanism of proper handwashing and decontamination 

is poorly performed in most neonatal units. There are limited studies to evaluate the 

technique of hand decontamination in the neonatal intensive care unit.[29]
 

Risso et al. showed that healthcare team members, both nursing staff and 

physicians, displayed poor hygiene practices in a neonatal unit.[30]
 

In an article published in a South African journal in 2020, neonatal units in South 
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Africa have minimal staff, inadequate infrastructure and limited resources like gloves 

and alcohol hand sanitisers.[31] At a national level, quality improvement strategies 

aim to promote the establishment of breastfeeding, availability of donor milk banks, 

stringent cord care, and appropriate use of antimicrobials. Outbreaks of sepsis in 

neonatal units in South Africa are infrequently reported. Anecdotal evidence from 

South African clinicians suggests that sepsis outbreaks in the neonatal unit occur 

frequently.[31]
 

 
1.2.5 Current challenges in neonatal sepsis 

 
 

One of the Millenium Development Goals programme's most significant 

achievements was to reduce maternal and child mortality by 50%. The neonatal 

mortality rate, however, remains high with an estimated 2.9 million deaths per year. 

The top three causes of neonatal death were notably prematurity, intrapartum 

complications and sepsis.[32]
 

Infections cause nearly 23% of neonatal deaths globally. Early identification of 

neonatal sepsis and prompt treatment may lower the mortality rate, but the 

emergence of antimicrobial resistance remains a significant challenge. Because of 

limited therapeutic options, gram-negative infections are of most significant 

concern.[32]
 

There is currently a global shortage of antibiotics to treat neonatal infections. 

Neonates are not prioritised highly enough in research and development, especially 

in developing countries. Data to support optimal management of multi-drug resistant 

infections is significantly lacking.[32]
 

The Global Antibiotic Research and Development Partnership has initiated a 

programme to deal with antibiotic resistance issues in neonates. The NeoAMR 

Project identifies pitfalls in antibiotic regimens and institutes new regimens, 

especially in the setting of multi-drug resistant pathogens.[32]
 

 
1.3 ACINETOBACTER BAUMANNII 

 

1.3.1 History 

 
 

In 1911, the genus Acinetobacter was first identified and described as a nosocomial 

pathogen in the 1960s when isolated in an intensive care unit. Molecular tests were 
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used to determine the species. The persistence of A.baumannii in the hospital 

setting allowed it to develop resistance over the years. Due to the favourable 

environmental conditions, successful clones of Acinetobacter baumannii with a 

strong propensity for antibiotic resistance emerged. Resistance to the carbapenems 

was reported as early as the 1980s.[33]
 

 
1.3.2 Microbiology 

 
 

Acinetobacter baumannii is an aerobic Gram-negative coccobacillus. The pathogen 

was first described as Micrococcus with the term Acinetobacter allocated in 1950. 

Over 50 variant species of Acinetobacter species have been identified to date with 

Acinetobacter baumannii being the most common species. Acinetobacter baumannii 

is an opportunistic pathogen with a limited number of virulence factors.[34]
 

 
1.3.3 Pathogenesis 

 
 

The production of biofilms allows for A.baumannii to colonise environmental 

surfaces. Biofilm associated protein promotes adherence to cells and therefore 

facilitates colonisation.[34]
 

Outer membrane protein A is essential for manufacturing biofilm that is intact. It 

is involved in cell apoptosis and helps bind factor H. About a third of Acinetobacter 

baumannii strains produce the K1 capsule which is mainly constituted of 

polysaccharides. The K1 capsule inhibits activation of the complement pathway and 

alters phagocytosis of cells.[34]
 

Acinetobacter baumannii can thrive in patients with iron-deficiency due to the 

siderophore-mediated iron-acquisition system. Fimbriae help the pathogen to attach 

itself to environmental and biotic surfaces.[34]
 

 
1.3.4 Clinical significance 

 
 

The prevalence of Acinetobacter baumannii infections has significantly increased in 

hospitals worldwide. The World Health Organisation identifies the pathogen as a 

critical priority owing to its ability to cause multi-drug resistant infections. Urgent 

treatment interventions are warranted, and it is anticipated that Acinetobacter 
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baumannii will soon be an untreatable pathogen.[35]
 

The Infectious Diseases of Society of America has identified Acinetobacter 

baumannii as one of the six top-priority lethal microorganisms.[36]
 

 
1.3.5 South African literature on A.baumannii in neonatal units 

 
 

Thomas et al. undertook the most extensive study in South Africa on A.baumannii 

and the outcome in neonates. Three hundred ninety-nine neonates were enrolled in 

this study. 91% of neonates were born before 37 completed weeks of gestation. The 

mean birth weight was 1401 grams and 76% of neonates presented with late-onset 

sepsis. Respiratory distress (22%) was the most common clinical sign at the time of 

presentation. 33% of neonates received parental nutrition, and 36% had a central 

catheter inserted before the onset of infection with A.baumannii. Vasoactive drugs 

were administered to 29% of neonates, and 43% required escalating respiratory 

support due to sepsis. The study showed a high rate of susceptibility to the 

cephalosporins with few isolates susceptible to the carbapenems. The case fatality 

rate was 32%.[37]
 

Chromosomal studies have demonstrated that A.baumannii possess OXA beta- 

lactamases, OXA-48 has been shown to spare the cephalosporins but may have an 

antagonistic effect on the carbapenems.[38]
 

 

Figure 2: Graph showing antibiotic susceptibility profiles to A.baumannii (Thomas et 
al.) 

 
In a study conducted by Reddy et al. over ten years at Tygerberg Hospital, Gram- 

negative organisms were the neonatal unit's predominant pathogens. Klebsiella 

species, Serratia marcescens, E.coli and A.baumannii, were the common 

pathogens isolated. A.baumannii contributed to many neonatal deaths in the unit 

Antibiotic susceptibility to A.baumannii 
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with a significant outbreak of carbapenem-resistant A.baumannii in 2017. Of the 

A.baumannnii pathogens isolated, 83.9 % were extensively drug-resistant.[39] Lebea 

et al. conducted a study on neonatal sepsis at Charlotte Maxexe 

Johannesburg Academic Hospital. The study showed that gram-negative pathogens 

(49%) were commonly isolated. Klebsiella Pneumonia, A.baumannii and E.coli were 

prevalent in the neonatal unit. A.baumannii contributed to 17.9% of early-onset 

infections and 6.6% of late-onset infections. Most strains of A.baumannii were 

sensitive to Amikacin (65%) and Ceftazidime (75%) with high resistance to both 

Gentamycin (85%) and Meropenem (80%).[40]
 

 

Figure 3: Graph showing common pathogens isolated in a South African neonatal 
unit (Lebea et al.) 

 
Pillay et al. investigated an outbreak of multi-drug resistant A.baumannii from 

contaminated suction bottles and catheters at King Edward VIII Hospital in Durban, 

South Africa. Preterm neonates were the most at risk with a median gestational age 

of 33 weeks. The outbreak contributed more to early-onset sepsis than late-onset 

sepsis, with a median postnatal age of three days. The mortality rate of neonates 

infected with A.baumannii was 22%. Ciprofloxacin and amikacin were effective in 

treating the infection in 55% of cases.[41]
 

In meningitis cases, Acinetobacter baumannii is often regarded as a 

contaminant unless there is a neurosurgical predisposition. In a case study by 

Howell et al. at Inkosi Albert Luthuli Hospital, it was concluded that the pathogenicity 

of A.baumannii in neonatal meningitis might be underestimated and therefore 

warrants more studies.[42]
 

Snyman et al. demonstrated significant numbers of colistin-resistant 

A.baumannii in a hospital in the Western Cape. 77% of strains studied were not 

susceptible to colistin by broth microdilution testing.[43]
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1.3.6 International studies on A.baumannii 

 

1.3.6.1 Risk factors 

 
Dalili et al. (2019) showed that A.baumannii was common in preterm neonates 

(84%) and frequently cultured in blood specimens (66.7%). The use of antifungals 

such as fluconazole and amphotericin and the number of prescribed antimicrobials 

may play a role in increasing the risk for A.baumannii infection.[44]
 

In a case-control study by Hsu et al. (2014), insertion of a central venous line 

(P=0.009) and total parental nutrition (P=0.010) were more common in the group of 

neonates infected with Acinetobacter baumannii as compared to the control 

group.[45]
 

Lee et al. (2017) demonstrated prematurity (95%) as a significant risk factor with 

most neonates (70%) being very low birth weight (<1500 grams). Central venous 

catheters were inserted in 65% of neonates before the onset of sepsis. 95% of 

neonates received parental nutrition.[46]
 

Sultan et al. (2018) showed that prematurity (P<0.01) and the previous use of 

carbapenems were significant risk factors for A.baumannii infection in neonates. 

76.9 % of neonates enrolled in the study had an umbilical venous catheter inserted 

before the onset of sepsis. There was no statistical difference between early (49.5%) 

and late-onset sepsis (50.5%).[47]
 

Central catheters, ventilation exceeding seven days, prolonged hospital 

admission and lack of early breastfeeding were significant risk factors according to 

a study by Kumar et al. (2014).[48]
 

Colonisation with A.baumannii may be a significant risk factor to develop an 

infection. Arhoune et al. (2019), showed that 9.8 % of neonates were colonised with 

A.baumannii on admission to the neonatal unit. More than 66% of the colonised 

isolates were multi-drug resistant. The study concluded that the lack of infection 

control during labour and postnatal care might contribute to colonisation of 

A.baumannii during the first week of a neonates life.[49]
 

 

1.3.6.2 Site of culture 

 
Saleem et al. (2010), showed that blood (44%) was the most common site for a 

positive culture. A.baumannii was rarely cultured in urine (1%) and cerebrospinal 

fluid (1%).[50]
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1.3.6.3 Clinical presentation and complications 

 

In a recent study by Mahich et al. (2020), respiratory symptoms such as tachypnoea 

(76%) and chest recessions (14%) were common initial findings in neonates with 

A.baumannii sepsis. Neurological signs such as apnoea (9.3%) and lethargy (9.3%) 

were not common findings. Only 4/43 (9.3%) of neonates studied had temperature 

disturbances. The onset of sepsis differed from most other studies in that most 

neonates (58.1%) had early-onset sepsis.[51]
 

More than half (58.1%) of neonates developed circulatory shock requiring the 

use of vasoactive drugs. 72.1% of neonates developed severe respiratory distress 

requiring mechanical ventilation. Many of these neonates had poor outcomes.[51]
 

A case-control study in Thailand by Thatrimontrichai et al. (2016) showed that 

septic shock was more common in neonates with A.baumannii.[52]
 

Thrombocytopenia is frequently seen in neonates with a gram-negative infection 

such as A.baumannii. The low platelet count may be present before pathogens are 

cultured on specimens and therefore may be considered an essential parameter in 

the early diagnosis of sepsis in the neonate.[53]
 

 
1.3.6.4 Antibiotic susceptibility 

 

Studies show that most isolates of A.baumanni are sensitive to Colistin and resistant 

to carbapenems and many other drugs classes. 

Figure 4: Graph showing antibiotic susceptibility to A.baumanni (Nazir et al., 2019)[54] 

 

In a study conducted by Touati et al. (2009), A.baumannii was resistant to all beta- 

lactams, 94.9 % of isolates were resistant to Gentamycin and 87.2% for 

cotrimoxazole. All strains showed susceptibility to Colistin.[55]
 

Agarwal et al. (2016), showed an overall multi-drug resistant rate of 82% in 
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Acinetobacter species, 38% of isolates were resistant to the cephalosporins, and 

more than half (78%) of isolates displayed resistance to the carbapenems.[56] 

Alsubaie et al. (2019), demonstrated in a Saudi Arabian study, 100 % resistance to 

carbapenems and beta-lactams and 100% sensitivity to Colistin.[57]
 

Shehab et al. (2015) showed that A.baumannii isolates were resistant to most 

antimicrobials with a small number of isolates demonstrating sensitivity to imipenem 

and amikacin.[58]
 

 
1.3.6.5 Mortality 

 

Many studies have shown a high mortality rate from Acinetobacter baumannii 

related sepsis in neonates. Case fatality rates may be as high as 38%-59% 

according to a paper by Jajoo et al. (2018).[59]
 

 
Table 1: Showing mortality rates from A.baumannii sepsis in neonatal units 

 

Researcher Mortality Rate 

Mishra et al. (1998)[60] 13.9% 

Jarousha et al. (2009)[61] 37.5% 

Nakwan et al. (2012)[62] 54.0% 

De A et al. (2013)[63] 20.0% 

Wei et al. (2015)[64] 20.3% 

 

1.3.6.6 Colistin: the antibiotic of choice for multi-drug resistant infections 

in neonates 

 
A few studies have demonstrated that overall Colistin is a safe and efficient antibiotic 

in treating multi-drug infections in neonates. 

Tekgunduz et al. (2015) showed that the common adverse effects associated 

with Colistin were low sodium and potassium levels. Hypomagnesaemia was 

demonstrated in most neonates, requiring magnesium supplementation. The study 

concluded that Colistin was a safe and efficacious antibiotic for treating multi-drug 

infections in premature neonates.[65]
 

In a study by Jasani et al. (2016), 62 neonates received Colistin for multi-drug 

resistant infections. None of the neonates developed neurotoxicity or 

nephrotoxicity.[66]
 

Ipek et al. (2017) showed that Colistin was not associated with severe adverse 

outcomes in neonates with multi-drug gram-negative infections. The study showed 
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that neonates might be susceptible to hypomagnesaemia and hypokalaemia while 

on Colistin, hence frequent monitoring of these electrolytes is warranted.[67]
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ABSTRACT 

 
 

BACKGROUND: Acinetobacter baumannii is an emerging and challenging 

pathogen in neonatal units, due to its ability to develop resistance against antibiotics. 

Studies on Acinetobacter baumannii infection in premature neonates are lacking in 

developing countries. 

 
OBJECTIVES: To determine the incidence, clinical presentation, antibiotic 

susceptibility profiles and the morbidity and mortality rate of premature neonates 

with Acinetobacter baumannii. 

 
METHODS: We conducted a retrospective descriptive study at a South African 

tertiary hospital. Medical records were reviewed over 36 months. Premature 

neonates admitted to the neonatal intensive care unit with positive blood, urine or 

cerebrospinal culture for Acinetobacter baumannii were identified through the 

National Health Laboratory Services. 

 
RESULTS: Fifty premature neonates were enrolled. There was an incidence of 103 

cases per 1000 admissions/ year. The median age at the onset of sepsis was 17 

days (IQR 9-26). Known risks such as central venous catheters and parental 
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nutrition were found in 78% (39/50), and 68% (34/50) respectively. Respiratory 

distress (56% [28/50]) and abdominal distension (50% [25/50]) were the most 

common clinical signs. Of all the isolates, 86% (43/50) were susceptible to colistin 

only. Supportive therapy was frequently required, 48% (24/50) received vasoactive 

drugs, and 70% (35/50) were mechanically ventilated. Mortality related to infection 

was 36% (18/50). 

 
CONCLUSION: There is a high incidence of Acinetobacter baumannii sepsis in 

premature neonates at Universitas Academic Hospital. A significant number of 

neonates had a central catheter and received parental nutrition. Most isolates were 

resistant to the carbapenems but susceptible to colistin. Vasoactive drugs and 

mechanical ventilation were frequently required. The mortality rate is high from 

Acinetobacter infection which is in keeping with most studies. Strict infection control 

and antibiotic stewardship are imperative. 



 

INTRODUCTION 

 
 

An estimated 3 million neonates are affected with sepsis globally with an incidence 

of 22/1000 live births. Neonatal sepsis is the third common cause of death in 

neonates with mortality rates between 11% and 19%.[1]
 

Antimicrobial resistance in low and middle-income countries are significantly 

increasing. Multi-drug resistance patterns are seen mainly in Gram-negative 

pathogens. In an observational cohort study by Li et al. (2020), Bangladesh and 

South Africa had the highest resistance rates to cephalosporins and carbapenems. 

Choice of second-line antibiotics in these countries are restricted. Carbapenem- 

resistant rates may be as high as 84% in Gram-negative pathogens.[2]
 

Acinetobacter baumannii is an aerobic Gram-negative coccobacillus with a 

limited number of virulence factors. In the 1960s, Acinetobacter baumannii was first 

described as a nosocomial pathogen, and it has developed significant resistance 

over the years.[3,4]. 

Recent studies have shown that neonates with Acinetobacter baumannii have 

high rates of morbidity. In a paper by Mahich et al. (2020), most neonates developed 

septic shock requiring vasoactive drugs for survival. 72 % of neonates needed 

escalation of respiratory care and subsequently ventilated.[5] Studies from 1998 to 

2015 have demonstrated high mortality rates from Acinetobacter baumannii (13- 

54%).[6–10] 

The literature on the clinical presentation, antimicrobial susceptibility, morbidity, 

and case-fatality rates of Acinetobacter baumannii in South Africa is limited. Most 

South African studies have focused on neonatal sepsis as a whole and the incidence 

of common pathogens isolated. These studies have identified Acinetobacter 

baumannii as a common pathogen in South African neonatal units.[11,12] There have 

only been two recent studies that have focused on Acinetobacter baumannii as a 

unique pathogen in the neonatal intensive care unit. Pillay et al. (1999) 

demonstrated an outbreak with Acinetobacter baumannii in the neonatal unit, from 

contaminated suction catheters.[13] Thomas et al. (2018) conducted the most 

extensive South African study to date and demonstrated factors such as clinical 

presentation, antimicrobial susceptibility pattern and case fatality rate amongst 399 

A.baumannii isolates.[14] Our research is the first in South Africa to show the 

outcomes of Acinetobacter baumannii in exclusively premature neonates. This 
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study aims to look at the incidence, clinical profiles, antimicrobial susceptibilities, 

and neonates' clinical outcomes, admitted to a tertiary hospital. 

 
METHODOLOGY 

 
 

Study design and population 

A retrospective descriptive study of premature neonates admitted to the neonatal 

intensive care unit with culture-confirmed A.baumannii from either blood, urine or 

cerebrospinal fluid during the study period 1st January 2016 to 31st December 2018. 

 
Study setting 

Universitas Hospital is a tertiary level hospital located in Bloemfontein, Free State. 

The hospital receives referrals from the Free State, Northern Cape and Lesotho and 

has a 14-bed neonatal intensive care unit. 

The microbiology laboratory uses an automated continuous monitoring blood 

culture system (BacT/Alert system, Biomerieux, Marcy I'Etoile, France). If bacterial 

growth is detected on a specimen, gram-stain is performed and the sample sub- 

cultured onto appropriate media and incubated overnight. Identification and 

antibiotic susceptibility are performed using either the Kirby-Bauer method or the 

automated system, Microscan, Siemens, USA.[15]
 

 
Study population and sampling strategy 

The study population consisted of premature neonates (< 37 completed gestational 

weeks) with confirmed A.baumannii grown on cultures, admitted to the neonatal 

intensive care unit at Universitas Academic Hospital. Neonates, who acquired 

A.baumannii after 28 days of life were excluded from the study. Neonates who had 

a positive A.baumannii culture but not treated with antibiotics due to the neonate not 

having clinical signs of sepsis or normal infective markers were excluded. These 

isolates were regarded as contaminants. Neonates with a gestational age of >37 

weeks were excluded. No other sampling strategy was employed. Patients were 

identified by logging all admissions from the admissions register for January 2016 

to December 2018 on the NHLS database and the Meditech system. All blood, urine 

and cerebrospinal fluid specimens flagged positive for A.baumannii in premature 

neonates were identified and captured. 
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Data collection 

Consent was obtained from the National Health Laboratory Services (NHLS) 

regarding the use of laboratory results. Further information was obtained from the 

Meditech system. Any outstanding information was obtained from patient statistic 

forms that are compulsory for every neonate admitted to the neonatal unit. 

Demographic data were collected, including patient age, sex and patient days at the 

onset of sepsis. Known risk factors from the literature such as neutropenia and 

thrombocytopenia, the use of a central venous catheter and parental nutrition were 

collected. Infection sites, infection markers such as C-reactive protein, white cell 

count, procalcitonin levels and antibiotic susceptibility profiles were obtained from 

the NHLS database. The use of vasoactive drugs and respiratory support, such as 

mechanical ventilation, were also obtained from patient summaries. Outcomes of 

the neonate, such as death or discharge, were collected. 

 
Data capturing and analysis 

Data was captured onto Microsoft Office Excel 2010. The data was stored on a 

password-protected computer. The data was captured daily, and only the principal 

researcher had access to the data. Completed information was sent to the 

Department of Biostatistics at the University of Free State for analysis. Medians and 

ranges were used to describe continuous variables that were not normally 

distributed. Frequencies and proportions were used to describe categorical 

variables. 

 
Ethical considerations 

Approval for this study was obtained externally from the Free State Department of 

Health and internally from the Health Sciences Research Ethics Committee of the 

University of Free State. (UFS-HSD2020/0667/2909). Data records were kept 

confidential and depersonalised; therefore, no further consent was sought. 

Appropriate measures were taken to ensure the security of all patient data. 

 
Results 

A total of 50 neonates were included in the study population. There was a total of 

485 neonates admitted to the neonatal intensive unit over 36 months. The incidence 

was 103 cases per 1000 admissions/year. 

Demographic characteristics, including gender, birth weight and age, are 
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presented for the study population. The majority of included patients were male 

(35/50 [70%]). The median age of included neonates at the onset of sepsis was 17 

days (IQR 9-26). The median birth weight was 1295 grams (IQR 1010-1770). 

Table 1 summarises the frequency of risk factors described in the literature. 

Most patients had a central venous catheter inserted (39/50 [78.0%]) and received 

total parental nutrition (34/50 [68.0%]) before the onset of infection with 

A.baumannii. The majority of neonates (31/50 [62%]) had thrombocytopenia while 

a small number of neonates (12/50 [24.0%]) had neutropenia before the onset of 

A.baumannii sepsis. 

 
Table 1: Risk factors (n=50) 
 
    

Risk Factors        n (%) 

Central catheter 
Parental nutrition  
Thrombocytopenia 
Neutropenia    

 

   39 (78.0%) 
   34 (68.0%) 
   31 (62.0%) 
  12 (24.0%) 
  

 

 
Table 2 shows the frequency of clinical signs in neonates infected with 

A.baumannii. 

 

Table 2: Clinical signs 
 

Clinical signs Yes 

Respiratory distress 
Apnoea 
Abdominal distension 
Fever (Temp >37.50 C) 
Hypothermia (Temp <36.50 C) 

28 (56.0%) 
13 (26.0%) 
25 (50.0%) 
0 (0.0%) 
 6 (12.0%) 
 

 
Respiratory distress (28/50 [56.0 %]) and abdominal distension (25/50 [50.0 %]) 

were the common clinical signs. 

 
The laboratory results of included neonates are presented in Table 3. 

 
Table 3: Laboratory results 

 

Neonates 
WCC 
x109/L 

PLT 
x109/L 

CRP 
mg/L 

PCT 
ug/L 

N 50 50 48 28 
Median 12.1 56.5 75.0 3.6 
IQR 7.8-18.4 18.0-120.0 41.5-110.0 0.6-11.3 

WCC: white cell count, PLT: platelet count, CRP: C-reactive protein, PCT: procalcitonin 
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A summary of the site of positive A.baumannii culture of the study population is 

presented in Table 4. 

 
Table 4: Site of positive culture for A.baumannii (n = 50) 

 

Culture n (%) 

Blood 50 (100.0%) 
CSF 1 (2.0%) 
Urine 1 (2.0%) 

 

CSF: cerebrospinal fluid 

 

All patients (50/50 [100 %]) included in the study had a positive blood culture for 

A.baumannii. One neonate had both positive urine and CSF culture for A.baumannii 

(1/50 [2.0 %]). 

A summary of antimicrobial sensitivity is presented in Table 5. 

 
 

Table 5: Antimicrobial sensitivity profile for A.baumannii (n=50) 
 

  Antibiotic n (%) 

Amikacin 2 (4.0%) 
Cefepime 1 (2.0%) 
Ceftazadime 1 (2.0%) 
Ciprofloxacin 0 (0.0%) 
Imipenem 0 (0.0%) 
Levofloxacin 0 (0.0%) 
Meropenem 1 (2.0%) 
Piperacillan/Tazobactam 1 (2.0%) 
Tigecycline 1 (2.0%) 
Tobramycin 0 (0.0%) 
Co-trimoxazole 2 (4.0%) 
Colistin  43 (86.0) 

 
(43/50 [86%]) of isolates were sensitive to colistin, (2/50 [4%]) of isolates were 

sensitive to amikacin and (1/50 [2%]) of isolates were sensitive to Meropenem. 

The resistance profiles of antimicrobials are presented in Table 6. 

 
 

Table 6: Antimicrobial resistance profile for A.baumannii (n=50) 
 

Antibiotic n (%) 

Amikacin 
Cefepime 
Ceftazidime 
Ciprofloxacin 
Imipenem 
Levofloxacin 
Meropenem 
Piperacillan/Tazobactam 

 41 (82.0%) 
             44 (88.0%) 
             44 (88.0%) 
             45 (90.0%) 
             45 (90.0%) 
             12 (24.0%) 
             44 (88.0%) 
             44 (88.0%) 
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Tigecycline 
Tobramycin 
Co-trimoxazole 
Colistin 

   8 (16.0%) 
  41 (82.0%) 
  30 (60.0%) 
    0 (0.0%) 

 
 

 
  

                             

The use of vasoactive drugs and respiratory support in neonates with A.baumannii 

sepsis is presented in Table 7. 

 
 

Table 7: Use of vasoactive drugs and respiratory support in premature neonates with 
A.baumannii sepsis (n=50) 
 
                              

   Modality n (%) 

Vasoactive drugs 24 (48.0%)  
Mechanical ventilation  35 (70.0%) 
High frequency 
oscillatory ventilation 
 

 
 10 (20.0%) 

 
 

 

The outcomes of neonates with A.baumannii infection is presented in Table 8. 

 
 

Table 8: Outcomes of neonates with A.baumannii infection (n=50) 
 
 

   Outcome n (%) 

Discharged   31 (62.0%)  
Died   18 (36.0%) 
Unknown                                                                          
 

 1 (2.0%) 
 

 

Most patients (31/50 [62.0 %]) were discharged from the neonatal unit, but a large 

number of patients had died from A.baumannii sepsis (18/36) [36.0%]). 

 
DISCUSSION 

 

Incidence 

The incidence of Acinetobacter baumannii in this study (103 cases/1000 

admissions) was significantly higher than a previous South African study by Thomas 

et al. (22.8 patients/1000 admissions). The study by Thomas et al. included both 

term and preterm neonates, but 91% of neonates were born preterm.[14] It is difficult 

to compare the incidence to international studies. Most international studies have 

not commented on the incidence in premature neonates but have looked at 

neonates at all gestational ages. 

Acinetobacter baumannii was found more in males than females (p > .05). This 

finding is in keeping with a few studies. Wei et al. showed a female to male ratio of 
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0.79:1 in neonates with multidrug-resistant infection. [10] In a recent study by Mahich 

et al. in 2020, 2/3 of neonates were of the male sex.[5]
 

Our study showed a median age of 17 days which is considered late-onset 

sepsis.[16] A study has shown that overcrowding, lack of neonatal staff, limited 

resources and inappropriate antibiotic use contribute to late-onset sepsis.[17] The 

incidence of late-onset sepsis peaks between days 10-22 of life, and it is mainly 

attributed to nosocomial infections with gram-negative bacilli being one of the 

common pathogens isolated.[18]
 

 
Risk factors 

A significant number of neonates in this study had a central venous catheter inserted 

and was administered parental nutrition before the onset of sepsis. Many studies 

show central catheters and parental nutrition to be significant risk factors for 

sepsis.[19–22] 

A systematic review by Rosado et al. in 2018 showed that catheter-associated 

infections were more common in prematurity, low-birth-weight infants and prolonged 

use of central lines.[23]
 

Kung et al. demonstrated parental nutrition to increase the risk of sepsis by 

almost six-fold.[24]
 

 
Clinical presentation 

Our study identified respiratory distress and abdominal distension as the most 

common clinical signs. Temperature disturbances were a rare finding. These results 

are in keeping with Mahich et al., who showed respiratory distress in 76% of 

neonates and temperature disturbances in less than 10% of neonates. Inadequate 

information on patient summaries and technical issues such as improper placement 

of the temperature probe on the skin of the neonate may have contributed to these 

low numbers. 

A key finding in our study was a median platelet count of 56.5x109/L (IQR 41.5- 

110.0). Ree et al. demonstrated thrombocytopenia (platelet count < 150x109/L) was 

associated more with gram-negative than gram-positive infections (p=0.003). In their 

study, neonates with severe thrombocytopenia (platelet count <50x109/L), were 

more prone to intraventricular haemorrhage.[25] Our study showed 44% (22/50) of 

neonates who had platelet counts of less than 50x109/L. Levit et al. showed 
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increased mortality rates in neonates who had thrombocytopenia.[26]
 

 

Site of culture 

Most isolates were cultured from blood specimens in our study. One neonate had 

Acinetobacter cultured in both urine and cerebrospinal fluid. These findings are 

similar to a study by Saleem et al.[27] Studies on Acinetobacter baumannii as a cause 

of urinary tract infections in the neonate are scanty. Cases of meningitis and 

ventriculitis from Acinetobacter baumannii in the neonatal population are not 

common. Meningitis occurs predominantly in neonates, post-neuro-surgical 

procedures.[28]
 

 
Antimicrobial profiles 

There was a 90% (45/50) and 88% (44/50) resistance rate to imipenem and 

meropenem respectively. A previous study in 2018 by Sultan et al. has shown 

prematurity to be a significant risk factor for carbapenem-resistant Acinetobacter 

baumannii.[29] Studies have identified blaOXA-23 as the most common gene 

responsible for resistance to the carbapenems due to its carbapenemase action.[30] 

Since the introduction of imipenem, a new gene blaOXA58 has evolved, and the 

current studies are now focusing on this gene.[31] In a South African study, Nogbou 

et al., the blaOXA-23 gene was detected in 98% of Acinetobacter baumannii isolates, 

and the first cases of blaOXA-40 and blaSIM-1 isolates were reported. Most isolates 

showed susceptibility to colistin and tigecycline.[32]
 

In this study, only nine isolates were tested for susceptibility to tigecycline. Of 

the isolates tested, 2% were susceptible, and 18% of isolates showed resistance to 

tigecycline. Nazir et al.[33] and Wei et al.[10] demonstrated high susceptibility rates to 

tigecycline apart from colistin. It is difficult to comment on the antibiotic profile of 

tigecycline in our study due to the low number of isolates tested. In the largest study 

in South Africa by Thomas et al. tigecycline susceptibility was not reviewed.[14] The 

literature on the safety of tigecycline use in the neonatal population is limited, but in 

a study by Ipek et al., tigecycline may be recommended in the neonate if no other 

drugs are available.[34]
 

Our study showed high susceptibility to colistin. This finding is similar to other 

studies that have shown high sensitivity patterns to colistin.[33,35,36] Nazir et al. 

postulated in a paper that the susceptibility to colistin might be high due to the 
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previously restricted use in fear of the nephrotoxic effects.[33] Ambreen et al. 

demonstrated that the early use of colistin in neonates with multi-drug resistant 

Acinetobacter baumannii has been associated with higher survival rates.[37]
 

 
Morbidity and mortality 

Previous studies have shown that Acinetobacter baumannii is associated with a high 

morbidity and mortality rate.[7,27] Almost half of the neonates in this study required 

vasoactive drugs due to poor perfusion from sepsis and majority of neonates 

required escalation of respiratory support. One-fifth of the study population required 

progression to high-frequency oscillatory ventilation as they had coped poorly on 

conventional ventilation. These findings are similar to a study by Mahich et al.[5] 

Septic shock was a common finding in neonates with Acinetobacter baumannii 

according to a study by Thatrimontrichai et al.[38]
 

The study showed a high mortality rate of 36%, which is in keeping with most 

international studies.[7–9] This may be explained by the tendency of serious 

complications in neonates with Acinetobacter baumannii infection and the 

pathogen's multi-drug resistance that makes it a complicated infection treat. 

Anecdotally, many of the positive Acinetobacter baumannii culture results in our 

study were obtained retrospectively after neonates' death. The delay in starting 

colistin may have contributed to the high mortality rate. 

 
Study limitations 

This project is a retrospective, descriptive study. The incidence of Acinetobacter 

baumannii infection in the neonatal intensive care unit may not be a true reflection 

of the actual incidence as inadequate culture specimens may have been taken at 

the onset of sepsis leading to a lower yield. It is challenging to isolate contaminants 

from actual infection; therefore neonates who were not treated with antimicrobials 

or neonates who did not have any clinical signs of infection with normal infection 

markers and follow up cultures were excluded. Incomplete patient information may 

contribute to the overall accuracy of the results obtained. 

 
CONCLUSION 

 

There was a high incidence of Acinetobacter baumannii sepsis in premature 

neonates at Universitas Academic Hospital. Neonates prior to the onset of sepsis, 
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were more likely to have a had a central catheter and total parental nutrition which 

is in keeping with most studies. Carbapenem-resistance was demonstrated in most 

isolates. There was a high susceptibility rate to colistin. Many neonates required the 

use of vasoactive drugs and further respiratory support. There was a high mortality 

rate from Acinetobacter baumannii infection in premature neonates at Universitas 

Academic Hospital. 

 
RECOMMENDATIONS 

 
 

Maternal education on early antenatal care should be employed to reduce the rate 

of premature deliveries. This goal can be achieved at primary health care level. 

Local clinics and health care facilities should institute educative workshops on 

antenatal care. 

Mothers in preterm labour should be administered antenatal steroids, which has 

been shown to lower the risk for infection in the neonate. 

The use of central venous catheters and total parental nutrition should be used 

with caution and removed timeously. 

Neonatal units should adopt an antibiotic stewardship programme. A multi- 

disciplinary approach involving pharmacists, doctors, and nursing staff would be 

useful. 

Infection control policies and protocols should be maintained in the neonatal 

unit. Frequent surveillance is necessary. 

An early index of suspicion for neonatal-sepsis is imperative. Septic screens 

should be done on neonates in whom sepsis is suspected without delays. 

Thrombocytopenia may be used as an early indicator for possible infection. 

Neonatal units should promote breastfeeding and a donor milk bank should be 

available. 

Further research is recommended in the following areas 

 
 

i. A large cohort study has identified South Africa as one of the top two countries 

with a high incidence of multidrug-resistance in the neonatal unit; more studies 

are needed in South African neonatal units on multi-drug resistance such as the 

incidence and common pathogens associated with resistance. 

ii. Case-control studies to identify if thrombocytopenia is an independent risk factor 



34 
 

 

for increased mortality in neonates with Acinetobacter baumannii . 

iii. Studies on the safety of colistin are limited, more studies are warranted on the 

efficacy and safety of colistin in the neonate, and research should be dedicated 

to novel treatments for multi-drug resistance. 

iv. Many studies have reported high susceptibility rates to tigecycline in multi-drug 

resistant Acinetobacter baumannii. Research on the efficacy and safety of 

tigecycline use in the neonate is needed. 
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QUESTIONNAIRE 

SECTION 1 – BIOGRAPHICAL INFORMATION Office use only  1 – 3 

 
 
 

4 

 
 
 
 

5 

 
 
 

 
6 

 
 
 
 

7 

 
 
 

 
SECTION 2 – RISK FACTORS 

 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

 

 

  1 2 3 Comments  

5. Central line     8 

6. Total parental nutrition     9 

7. Thrombocytopenia     10 

8. Neutropenia     11 

 

SECTION 3 – CLINICAL SIGNS 
 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

1. Gestation 1-13 weeks 1 

14-26 weeks 2 

27-40 weeks 3 

40+ weeks 4 

2. Age (days) 1-10 days 1 

11-20 days 2 

21-30 days 3 

30+ days 4 

3. Gender Boy 1 

Girl 2 

Other 3 

4. Birth weight (grams) 500g – 1000g 1 

1001g – 1999g 2 

2000g – 2999g 3 

3000g – 3999g 4 

4000g+ 5 

 

1 = Yes / 2 = No / 3 = Unknown 



 

 
 

  1 2 3 Comments  

9. Respiratory distress     12 

10. Apnoea     13 

11. Abdominal distension     14 

12. Fever     15 

13. Hypothermia     16 

 

SECTION 4 – LABORATORY RESULTS 
 

14. White cell count  1 

 2 

 3 

 4 

15. Platelets  1 

 2 

 3 

 4 

16. Procalcitonin  1 

 2 

 3 

 4 

17. C-reactive protein  1 

 2 

 3 

 4 

 

SECTION 5 – SITE OF CULTURE 

 
 
 

 
17 

 
 
 
 

18 

 
 
 
 
 

19 

 
 
 
 

17 

 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

 

 

  1 2 3 Comments  

18. Blood     18 

19. CSF     19 

20. Urine     20 

1 = Yes / 2 = No / 3 = Unknown 

1 = Yes / 2 = No / 3 = Unknown 



 

SECTION 6 – ANTIBIOTIC PROFILE 
 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

 

 

  1 2 3 Comments  

21. Amikacin     18 

22. Cefepime     19 

23. Ceftazidime     20 

24. Ciprofloxacin     21 

25. Imipenam     22 

26. Levofloxacin     23 

27. Meropenam     24 

28. Piperacillan-tazobactam     25 

29. Tigecyline     26 

30. Tobramycin     27 

31. Bactrim     28 

32. Colistin     29 

 

SECTION 7 – CLINICAL PROGRESSION 
 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

 

 

  1 2 3 Comments  

33. Inotropic support     30 

34. Mechanical ventilation     31 

35. High frequency oscillatory 

ventilation 

    32 

 

SECTION 8 – OUTCOME OF PATIENT 
 

Please mark the option you choose with an X and only mark one option. 
Please add your comments where you feel that it is necessary. 
Extra comments can be added on a loose piece of folio paper. 

 

1 = Resistant / 2 = Sensitive  / 3 = Not tested 

1 = Yes / 2 = No / 3 = Unknown 

1 = Discharged  / 2 = Died / 3 = Unknown 



 

  1 2 3 Comments  

36.      33 

37.      34 

38.      35 
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Author Guidelines 
 

Please view the for guidance on how to submit on 
Editorial Manager. 

 

To submit a manuscript, please proceed   to the 
SAJCH Editorial Manager website: Editorial 
Manager 

 

To access and submit an article already in 
production, please see the guidelines here. 

 
Author Guidelines 
Please take the time to familiarise yourself with the 
policies and processes below. If you still have any 
questions, please do not hesitate to ask our 
editorial staff (tel.: +27   (0)21   532   1281, email: 
submissions@hmpg.co.za). 

 
Article Processing Charges 
All articles published in the South African Journal 
of Child Health are open access and freely 
available online upon publication. This is made 
possible by applying a business model to offset the 
costs of peer review management, copyediting, 
design and production, by charging an article- 
processing charge (APC) of R3 180 (ex Vat) for all 
articles published. The charge applies only to 
Research articles submitted after 1 Jan 2019. The 
APC is standard and does not vary based on 
length, colour, figures, or other elements. 

 
When submitting a Research article to the SAJCH, 
the submitting author must agree to pay the APC 
should the article be accepted for publication. The 

APC is payable when your manuscript is editorially 
accepted and before production commences for 
publication. The submitting author will be notified 
that payment is due and given details on the 
available methods of payment. Prompt payment is 
advised; the article will not enter into production 
until payment is received. 
Queries can be directed to claudian@hmpg.co.za. 
Please refer to the section on ‘Sponsored 
Supplements’ regarding the publication of 
supplements, where a charge is applicable. 
Queries can be directed to dianes@hmpg.co.za or 
claudian@hmpg.co.za 

 
Authorship 
Named authors must consent to publication. 
Authorship should be based on: (i) substantial 
contribution to conceptualisation, design, analysis 
and interpretation of data; (ii) drafting or critical 
revision of important scientific content; or (iii) 
approval of the version to be published. These 
conditions must all be met for an individual to be 
included as an author (uniform requirements for 
manuscripts submitted to biomedical journals; refer to 
www.icmje.org) 

 

If authors’ names are added or deleted after 
submission of an article, or the order of the names 
is changed, all authors must agree to this in writing. 

 
Please note that co-authors will be requested to 
verify their contribution upon submission. Non- 
verification may lead to delays in the processing of 
submissions. 
Author contributions should be listed/described in 

the manuscript. 
 

Conflicts of interest 
Conflicts of interest can derive from any kind of 
relationship or association that may influence 
authors’ or reviewers’ opinions about the subject 
matter of a paper. The existence of a conflict – 
whether actual, perceived or potential – does not 
preclude publication of an article. However, we aim 
to ensure that, in such cases, readers have all the 
information they need to enable them to make an 
informed assessment about a publication’s 
message and conclusions. We require that both 
authors and reviewers declare all sources of 
support for their research, any personal or financial 
relationships (including honoraria, speaking fees, 
gifts received, etc) with relevant individuals or 
organisations connected to the topic of the paper, 
and any association with a product or subject that 
may constitute a real, perceived or potential 
conflict of interest. If you are unsure whether a 
specific relationship constitutes a conflict, please 
contact the editorial team for advice. If a conflict 
remains undisclosed and is later brought to the 
attention of the editorial team, it will be considered 
a serious issue prompting an investigation with the 
possibility of retraction. 

 
Research ethics committee approval 
Authors must provide evidence of Research Ethics 
Committee approval of the research where 
relevant. Ensure the correct, full ethics committee 
name and reference number is included in the 
manuscript. 
If the study was carried out using data from 

http://www.editorialmanager.com/sajch
http://www.editorialmanager.com/sajch
http://www.samj.org.za/_sub/SAMJ%20Production%20Steps.pdf
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provincial healthcare facilities, or required active 
data collection through facility visits or staff 
interviews, approval should be sought from the 
relevant provincial authorities. For South African 
authors, please refer to the guidelines for 
submission to the National Health Research 
Database. Research involving human subjects 
must be conducted according to the principles 
outlined in the Declaration of Helsinki. Please refer 
to the National Department of Health’s guideline on 
Ethics in Health research: principles, processes and 
structures to ensure that the appropriate 
requirements for conducting research have been 
met, and that the HPCSA’s General Ethical 
Guidelines for Health Researchers have been 
adhered to. 

 
Protection of rights to privacy 
Patient 
Information that would enable identification of 
individual patients should not be published in 
written descriptions, photographs, radiographs and 
pedigrees unless the information is essential for 
scientific purposes and the patient (or parent or 
guardian) has given informed written consent for 
publication and distribution. We further 
recommend that the published article is 
disseminated not only to the involved researchers 
but also to the patients/participants from whom the 
data was drawn. Refer to Protection of Research 
Participants. The signed consent form should be 
submitted with the manuscript to enable 
verification by the editorial team. 

 
Other individuals 
Any individual who is identifiable in an image must 
provide written agreement that the image may be 
used in that context in the SAJCH. 

Copyright notice 
Copyright remains in the Author’s name. The work 
is licensed under a Creative Commons Attribution 
- Noncommercial Works License. Authors are 
required to complete and sign an Author 
Agreement form that outlines Author and Publisher 
rights and terms of publication. The Agreement 
form should be uploaded along with other 
submissions files and any submission will be 
considered incomplete without it [forthcoming]. 

 
Material submitted for publication in the SAJCH is 
accepted provided it has not been published or 
submitted for publication elsewhere. Please inform 
the editorial team if the main findings of your paper 
have been presented at a conference and 
published in abstract form, to avoid copyright 
infringement. The SAJCH does not hold itself 
responsible for statements made by the authors. 
The corresponding author should also indicate if 
the research forms part of a postgraduate short 
report, dissertation or thesis. 

 
Previously published images 
If an image/figure has been previously published, 
permission to reproduce or alter it must be 
obtained by the authors from the original publisher 
and the figure legend must give full credit to the 
original source. This credit should be accompanied 
by a letter indicating that permission to reproduce 
the image has been granted to the author/s. This 
letter should be uploaded as a supplementary file 
during submission. 

 
Privacy statement 
The SAJCH is committed to protecting the privacy 
of its website and submission system users. The 
names, personal particulars and email addresses 

entered in the website or submission system will 
not be made available to any third party without the 
user’s permission or due process. By registering to 
use the website or submission system, users 
consent to receive communication from the SAJCH 
or its publisher HMPG on matters relating to the 
journal or associated publications. Queries with 
regard to privacy may be directed to 
publishing@hmpg.co.za. 

 
Ethnic/race classification 

Use of racial or ethnicity classifications in research 
is fraught with problems. If you choose to use a 
research design that involves classification of 
participants based on race or ethnicity, or discuss 
issues with reference to such classifications, 
please ensure that you include a detailed rationale 
for doing so, ensure that the categories you 
describe are carefully defined, and that 
socioeconomic, cultural and lifestyle variables that 
may underlie perceived racial disparities are 
appropriately controlled for. Please also clearly 
specify whether race or ethnicity is classified as 
reported by the patient (self-identifying) or as 
perceived by the investigators. Please note that it 
is not appropriate to use self-reported or 
investigator-assigned racial or ethnic categories for 
genetic studies. 

 
Continuing Professional Development (CPD) 
SAJCH is an HPCSA-accredited service provider 
of CPD materials. Principal authors can earn up to 
15 CPD continuing education units (CEUs) for 
publishing an article; co-authors are eligible to earn 
up to 5 CEUs; and reviewers of articles can earn 3 
CEUs. Each month, SAJCH also publishes a CPD- 
accredited questionnaire relating to the academic 
content of the journal. Successful completion of the 
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questionnaire with a pass rate of 70% will earn the 
reader 3 CEUs. Administration of our CPD 
programme is managed by Medical Practice 
Consulting. To complete questionnaires and obtain 
certificates, please visit MRP Consulting 

 
Manuscript preparation 
Preparing an article for anonymous review 

 
To ensure a fair and unbiased review process, all 
submissions are to include an anonymised version 
of the manuscript. The exceptions to this 
requirement are Editorials, Correspondence, Book 
reviews and Obituary submissions. 

 
Submitting a manuscript that needs additional 
blinding can slow down your review process, so 
please be sure to follow these simple guidelines as 
much as possible: 

 An anonymous version should not contain any 
author, affiliation or particular institutional details 
that will enable identification. 

 Please remove title page, acknowledgements, 
contact details, funding grants to a named 
person, and any running headers of author 
names. 

 Mask self-citations by referring to your own work 
in third person. 

 

General article format/layout 
Submitted manuscripts that are not in the correct 
format specified in these guidelines will be returned 
to the author(s) for correction prior to being sent for 
review, which will delay publication. 

 
General: 

 Manuscripts must be written in UK English (this 

includes spelling). 

 The manuscript must be in Microsoft Word or RTF 
document format. Text must be 1.5 line spaced, 
in 12-point Times New Roman font, and contain 
no unnecessary formatting (such as text in 
boxes). Pages and lines should be numbered 
consecutively. 

 Please make your article concise, even if it is 
below the word limit. 

 Qualifications, full affiliation (department, 
school/faculty, institution, city, country) and 
contact details of ALL authors must be provided 
in the manuscript and in the online submission 
process. 

 Abbreviations should be spelt out when first used 
and thereafter used consistently, e.g. 
'intravenous (IV)' or 'Department of Health (DoH)'. 

 Scientific measurements must be expressed in SI 
units except: blood pressure (mmHg) and 
haemoglobin (g/dL). 

 Litres is denoted with an uppercase L e.g. 'mL' for 
millilitres). 

 Units should be preceded by a space (except for 
% and ºC), e.g. '40 kg' and '20 cm' but '50%' and 
'19ºC'. 

 Please be sure to insert proper symbols e.g. µ not 
u for micro, a not a for alpha, b not B for beta, etc. 

 Numbers should be written as grouped per 
thousand-units, i.e. 4 000, 22 160. 

 Quotes should be placed in single quotation 
marks: i.e. The respondent stated: '...' 

 Round brackets (parentheses) should be used, 
as opposed to square brackets, which are 
reserved for denoting concentrations or insertions in 
direct quotes. 

 

If you wish material to be in a box, simply indicate 

this in the text. You may use the table format –this 
is the only exception. Please DO NOT use fill, 
format lines and so on. 

 
SAJCH is a Journal on child health, therefore for 
articles involving genetics, it is the responsibility of 
authors to apply the following: 

 

- Please ensure that all genes are in italics, and 
proteins/enzymes/hormones are not. 

- Ensure that all genes are presented in the 
correct case e.g. TP53 not Tp53. 

** NB: Copyeditors cannot be expected to pick up 
and correct errors wrt the above, although they 
will raise queries where concerned. 

-  Define all genes, proteins and related 
shorthand terms at first mention, e.g. ‘188del11’ 
can be glossed as ‘an 11 bp deletion at 
nucleotide 188.’ 

- Use the latest approved gene or protein symbol 
as appropriate: 

 Human Gene Mapping Workshop (HGMW): 
genetic notations and symbols 

 HUGO Gene Nomenclature Committee: 
approved gene symbols and nomenclature 

 OMIM: Online Mendelian Inheritance in Man 
(MIM) nomenclature and instructions 

 Bennet et al. Standardized human pedigree 
nomenclature: Update and assessment of the 
recommendations of the National Society of 
Genetic Counselors. J Genet Counsel 
2008;17:424-433: standard human pedigree 
nomenclature. 
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Preparation notes by article type 
 

Research 
Guideline word limit: 3 000 words (excluding 
abstract and bibliography) 

Research articles describe the background, 
methods, results and conclusions of an original 
research study. The article should contain the 
following sections: introduction, methods, results, 
discussion and conclusion, and should include a 
structured abstract (see below). The introduction 
should be concise – no more than three 
paragraphs – on the background to the research 
question, and must include references to other 
relevant published studies that clearly lay out the 
rationale for conducting the study. Some common 
reasons for conducting a study are: to fill a gap in 
the literature, a logical extension of previous work, 
or to answer an important clinical question. If other 
papers related to the same study have been 
published previously, please make sure to refer to 
them specifically. Describe the study methods in as 
much detail as possible so that others would be 
able to replicate the study should they need to. 
Where appropriate, sample size calculations 
should be included to demonstrate that the study is 
not underpowered. Results should describe the 
study sample as well as the findings from the study 
itself, but all interpretation of findings must be kept 
in the discussion section, which should consider 
primary outcomes first before any secondary or 
tertiary findings or post-hoc analyses. The 
conclusion should briefly summarise the main 
message of the paper and provide 
recommendations for further study. 

 May include up to 6 illustrations or tables. 

 A max of 20 - 25references 

Structured abstract 

 This should be no more than 250words, with the 
following recommended headings: 

o Background: why the study is being done and 
how it relates to other published work. 

o Objectives: what the study intends to find out 
o Methods: must include study design, number of 

participants, description of the intervention, 
primary and secondary outcomes, any specific 
analyses that were done on the data. 

o Results: first sentence must be brief population 
and sample description; outline the results 
according to the methods described. Primary 
outcomes must be described first, even if they are 
not the most significant findings of the study. 

o Conclusion: must be supported by the data, 
include recommendations for further 
study/actions. 

o Please ensure that the structured abstract is 
complete, accurate and clear and has been 
approved by all authors. It should be able to be 
intelligible to the reader without referral to the 
main body of the article. 

o Do not include any references in the abstracts. 

Illustrations/photos/scans 

 If illustrations submitted have been published 
elsewhere, the author(s) should provide evidence 
of consent to republication obtained from the 
copyright holder. 

 Figures must be numbered in Arabic numerals 
and referred to in the text e.g. '(Fig. 1)'. 

 Each figure must have a caption/legend: Fig. 1. 
Description (any abbreviations in full). 

 All images must be of high enough 
resolution/quality for print. 

 All illustrations (graphs, diagrams, charts, etc.) 

must be in PDF form. 

 Ensure all graph axes are labelled appropriately, 
with a heading/description and units (as 
necessary) indicated. Do not include decimal 
places if not necessary e.g. 0; 1.0; 2.0; 3.0; 4.0 
etc. 

 Scans/photos   showing    a    specific    feature 
e.g. Intermediate magnification micrograph of a 
low malignant potential (LMP) mucinous ovarian 
tumour. (H&E stain). –include an arrow to show 
the tumour. 

 Each image must be attached individually as a 
'supplementary file' upon submission (not solely 
embedded in the accompanying manuscript) and 
named Fig. 1, Fig. 2, etc. 

 

Tables 

 Tables should be constructed carefully and 
simply for intelligible data representation. 
Unnecessarily complicated tables are strongly 
discouraged. 

 Large tables will generally not be accepted for 
publication in their entirety. Please consider 
shortening and using the text to highlight specific 
important sections, or offer a large table as an 
addendum to the publication, but available in full 
on request from the author. 

 Embed/include each table in the manuscript 
Word file - do not provide separately as 
supplementary files. 

 Number each table in Arabic numerals (Table 1, 
Table 2, etc.) consecutively as they are referred 
to in the text. 

 Tables must be cell-based (i.e. not constructed 
with text boxes or tabs) and editable. 

 Ensure each table has a concise title and column 
headings, and include units where necessary. 



 

 

 

 Footnotes must be indicated with consecutive use 
of the following symbols: * † ‡ § ¶ || then ** 
†† ‡‡ etc. 

 

Do not: Use [Enter] within a row to make ‘new 
rows’: 

 
Rather: 
Each row of data must have its own proper row: 

 

Do not: use separate columns for n and %: 

 
Rather: 
Combine into one column, n (%): 

 
Do not: have overlapping categories, e.g.: 

 

Rather: 
Use <> symbols or numbers that don’t overlap: 

 
References 
NB: Only complete, correctly formatted reference 

lists in   Vancouver   style   will   be   accepted. If 
reference manager software is used, the 
reference list and citations in text are to be 
unformatted to plain text before submitting.. 

 Authors must verify references from original 
sources. 

 Citations should be inserted in the text as 
superscript numbers between square brackets, 
e.g. These regulations are endorsed by the World 
Health Organization,[2] and others.[3,4-6] 

 All references should be listed at the end of the 
article in numerical order of appearance in the 
Vancouver style (not alphabetical order). 

 Approved abbreviations of journal titles must be 
used; see the List of Journals in Index Medicus. 

 Names and initials of all authors should be given; 
if there are more than six authors, the first three 
names should be given followed by et al. 

 Volume and issue numbers should be given. 

 First and last page, in full, should be given e.g.: 
1215-1217 not 1215-17. 

 Wherever possible, references must be 
accompanied by a digital object identifier (DOI) 
link). Authors are encouraged to use the DOI 
lookup service offered by CrossRef: 

o On the Crossref homepage, paste the article title 
into the ‘Metadata search’ box. 

o Look for the correct, matching article in the list of 
results. 

o Click Actions > Cite 
o Alongside 'url =' copy the URL between { }. 
o Provide as follows, 

e.g.: https://doi.org/10.7196/07294.937.98x 
 

Some examples: 

 Journal references: Price NC, Jacobs NN, 
Roberts DA, et al. Importance of asking about 
glaucoma. Stat Med 1998;289(1):350-355. 
http://dx/doi.org/10.1000/hgjr.182 

 Book references: Jeffcoate N. Principles of 
Gynaecology. 4th ed. London: Butterworth, 
1975:96-101. 

 Chapter/section in a book: Weinstein L, Swartz 
MN. Pathogenic Properties of Invading 
Microorganisms. In: Sodeman WA, Sodeman 
WA, eds. Pathologic Physiology: Mechanisms of 
Disease. Philadelphia: WB Saunders, 1974:457- 
472. 

 Internet references: World Health Organization. 
The World Health Report 2002 - Reducing Risks, 
Promoting Healthy Life. Geneva: WHO, 2002. 
http://www.who.int/whr/2002 (accessed 16 

January 2010). 

 Legal references 

 Government Gazettes: 

National Department of Health, South Africa. 
National Policy for Health Act, 1990 (Act No. 116 
of 1990). Free primary health care services. 
Government Gazette No. 17507:1514. 1996. 

In this example, 17507 is the Gazette Number. This 
is followed by :1514 - this is the notice number in 
this Gazette. 

 Provincial Gazettes: 
Gauteng Province, South Africa; Department of 
Agriculture, Conservation, Environment and Land 
Affairs. Publication of the Gauteng health care 
waste management draft regulations. Gauteng 
Provincial Gazette No. 373:3003, 2003. 

 Acts: 
South Africa. National Health Act No. 61 of 2003. 

 Regulations to an Act: 
South Africa. National Health Act of 2003. 
Regulations: Rendering of clinical forensic 
medicine services. Government Gazette No. 
35099, 2012. (Published under Government Notice 
R176). 

 Bills: 

South Africa. Traditional Health Practitioners Bill, 
No. B66B-2003, 2006. 

 Green/white papers: 
South Africa. Department of Health Green Paper: 
National Health Insurance in South Africa. 2011. 

 Case law: 
Rex v Jopp and Another 1949 (4) SA 11 (N) 

Rex v Jopp and Another: Name of the parties 
concerned 
1949: Date of decision (or when the case was 

heard) 
(4): Volume number 

http://www2.bg.am.poznan.pl/czasopisma/medicus.php?lang=eng
http://www.crossref.org/
http://dx.doi.org/10.7196/07294.937.98x
http://dx/doi.org/10.1000/hgjr.182
http://www.who.int/whr/2002


 

 

 

SA: SA Law Reports 
11: Page or section number 

(N): In this case Natal - where the case was heard. 
Similarly, (C) woud indicate Cape, (G) Gauteng, 
and so on. 

NOTE: no . after the v 

 Other references (e.g. reports) should follow the 
same format: Author(s). Title. Publisher place: 
Publisher name, year; pages. 

 Cited manuscripts that have been accepted but 
not yet published can be included as references 
followed by '(in press)'. 

 Unpublished observations and personal 
communications in the text must not appear in 
the reference list. The full name of the source 
person must be provided for personal 
communications e.g. '...(Prof. Michael Jones, 
personal communication)'. 



 

Appendix H: 
Turnitin report 

 



 

 



 

Appendix I: 
Copy of the research protocol approved by the HSREC 
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