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ABBREVIATION 

ASP Antibiotics Stewardship Program. 

AWaRE Access, Watch and Reserve 

BC Blood culture  

CAI Community-acquired infection.  

CONS Coagulase-negative Staphylococcus  

CRP C – reactive protein  

DAAD Deutscher Akademischer Austauschdienst (German Academic exchange  

services) 

E.coli Escherichia coli 

EML Essential Medicine List 

EMLc Essential medicine list for children 

GBS Group B Streptococcus  

HAI Hospital-acquired infection  

HCWs Health care workers  

HH Hand Hygiene  

MMH Mowbray Maternity Hospital  

NICU Neonatal intensive care unit  

PPS Point prevalence survey  

SOP Standard operating procedures  

VLBW Very low birth weight  

WHO World Health Organisation 
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Definition of terms  

Extreme preterm premature  baby born <28 gestational weeks. 

Very preterm    Premature baby born 28 – <32 gestational weeks. 

Moderate to late preterm  premature babies born between 32 – 37 completed weeks. 

Term    a baby born after 37 completed weeks of gestation. 

VLBW    a baby born weighing less than 1500gm. 
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CHAPTER 1: INTRODUCTION   

Antibiotics are the most prescribed medication in Neonatal Intensive Care Units (NICUs), especially 

for the treatment of early-onset sepsis. The most prescribed drug is Ampicillin, used on average in up 

to 97% of patients in the NICU [1].  

Antibiotics may be lifesaving for truly infected infants, but prolonged antibiotic therapy may alter a 

preterm infant’s microbiome. It has been shown to negatively influence immunological, endocrine, and 

neural pathways and play an essential role in development [2-4]. Prolonged antibiotic therapy in preterm 

infants without proven infection has been associated with the development of necrotising enterocolitis 

(NEC). It has been shown to increase the risk of mortality, bronchopulmonary dysplasia, retinopathy of 

prematurity, and periventricular white matter damage and also has contributed to the course of 

multidrug resistance in NICUs [5-7].  

In March 2017, the World Health Organization (WHO) – Essential Medicines List (EML) working  

group classified antibiotics in the EML for Children (EMLC) into Access, Watch, and Reserve. The 

“Access” group generally contains narrow-spectrum antibiotics recommended as the first and second 

choice for most common clinical infection syndromes, such as penicillin, gentamycin and 

Cephalosporins. The “Watch” group contains a broader spectrum of antibiotic classes corresponding to 

the highest priority agents on the list of critically important antimicrobial drugs for human medicine, 

e.g., Meropenem. The “Reserve” group consists of last-resort antibiotics for targeted use in multidrug-

resistant infections such as Colistin. These groups are collectively known as the “AWaRe” 

classification. This classification can be used to analyse and categorise the use of antibiotics in a facility 

[8].  

Burden of sepsis  

Neonatal sepsis is the third most common cause of death for children under five years. In 2015, Sub-

Saharan Africa accounted for half the 400 000 global deaths caused by neonatal sepsis and 66% of these 

sepsis deaths occurred within the first 24 hours of life, four times the deaths caused by HIV and 1.6 

times more than deaths due to malaria [8, 9].  
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In South Africa, the prevalence of neonatal sepsis is around 12% [8].  The main causative organisms 

for early-onset sepsis are Group B streptococci (GBS) and occasionally, Listeria monocytogenes.  

Hospital-acquired infection (HAI) or late-onset sepsis is mainly gram-negative sepsis.  Known causative 

organisms for HAI include Escherichia coli, Coagulase–negative Staphylococci (CONS), 

Staphylococcus aureus, Enterococci, Klebsiella species, Enterobacter species, Pseudomonas species, 

Salmonella species, Haemophilus influenza, Neisseria meningitis, Streptococcus pneumoniae and 

Acinetobacter baumannii [9-12].  

Although the incidence of culture-proven sepsis is declining worldwide [9], antibiotic use for culture-

negative sepsis in the absence of a positive blood culture has remained between 6 to 16-fold more than 

for confirmed sepsis [13].  A study done in South Africa showed the rate of positivity in blood cultures 

is around 8.5%, while empirical antibiotics use was 46.7%, indicating overtreatment of sepsis [12]. 

Thus, culture-negative sepsis contributes to high antibiotic consumption in neonatal units. Many 

neonates are therefore diagnosed with a “probable” or “possible” sepsis or a presumed symptomatic 

infection, but no bacterial cause is identified. These are often called culture-negative sepsis and will be 

treated for an average of 5 to 7 days [12, 14].   

 Some known effective ways of preventing neonatal sepsis include hand hygiene (HH), using soap and 

water or alcohol hand rub, appropriate well-defined care bundles or multimodal IPC programs, trophic 

enteral feeding and promoting early breastfeeding and skin-to-skin contact when the mother practices 

kangaroo mother care (KMC) [1,14-17].  

The current evidence suggests HH compliance can be improved by posters, training, support 

from management and peers, champions, regular HH observation and availability of resources 

[16, 18-23].  
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ANTIBIOTICS STEWARDSHIP PROGRAMMES 

An antibiotics stewardship program (ASP) is defined as a coordinated intervention designed to improve 

and measure the appropriate use of antimicrobials by promoting the selection of the optimal 

antimicrobial drug regime, dose, duration of therapy, and route of administration and ensuring optimal 

patient outcome [15].  

ASPs have been in existence and implemented at various degrees since 1996, with improvement over 

time. An ASP can be done by either restricting the use of reserved antibiotics or by prospective audit 

and feedback. Physicians and hospital pharmacists must collaborate and educate the rest of the HCW 

team in their ASP [5, 24].  

Every systemic antibiotic administered to a patient has the potential to lead to antimicrobial resistance. 

It is estimated that over 50% of neonatal sepsis prescriptions are unnecessarily prescribed. Overusing 

antibiotics paves the way for the development of multi-resistant bacteria, and there is an urgent call for 

the rational use of antibiotics. In its global action plan, WHO recommended improved antibiotic 

surveillance as one of its key strategies to reduce the use of antibiotics [8, 25, 26].  

  

Modalities of conducting Antibiotics Stewardship Programs   

Antimicrobial stewardship programs in NICUs highlight the potential for improving antibiotic 

prescription practice by reducing broad-spectrum antibiotic therapy in vulnerable, very preterm infants 

[27, 28]. Antibiotic stewardship programs can be conducted in various ways depending on the facility’s 

needs. Examples include the following methods described below. 

Point of prevalence survey (PPS)  

A PPS is a cross-sectional study done by reviewing patients’ files admitted in the unit at the time of the 

study using a standardised tool appropriate for the facility level. The results of the PPS will rank the 

facility in adherence to ASP [27, 29].  

  

The tool is used to review the use of antibiotics for in-patients. It helps to identify if the prescription 

was based on the guidelines, the blood culture results and if the antibiotics were given on time. It was 
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developed by the WHO and has been designed to be used at different levels of health care. The ASP 

team needs to take a course that is available online before conducting an ASP [25].   

Mixed study combination  

This method combines PPS and an intervention package to address an ASP in the facility. An ongoing 

assessment of the impact of the intervention will be done at 3, 6, and at 9-month intervals. It is 

coordinated as follows [25, 30-32]:  

1. Point of prevalence survey:   

This is done at baseline and at identified intervals to assess ASP in the facility.  

2. Intervention:   

The intervention package is prepared based on the preliminary findings of the baseline.  

3. Education:   

The research team takes an online ASP course, conducts the PPS, and prepares an intervention 

package specific to the facility.   

4. Leadership:   

The team leader can be a clinician in the area of interest, working closely with the hospital 

pharmacist, the infection prevention team (microbiologist/ nurse) and the quality assurance 

team.  For a successful program, commitment from the hospital’s executive management is  

required.   

5. Prospective audit feedback:  

Ongoing PPSs are conducted to assess adherence to the ASP, and feedback is given to the 

healthcare workers (HCWs). This can also be used as a separate tool for the facility with an 

existing ASP program [32, 33].   

  

Auto stop tool. 

In this method, a facility with an already well-controlled ASP will design an auto-stop tool for empirical 

antibiotics. The hospital pharmacist is given access to patient laboratory results and can review and stop 

issuing the antimicrobial unless there is a documented reason to continue with treatment.   
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S. Sing et al. demonstrated that the auto-stop tool could reduce unnecessary antibiotic exposure in 

NICUs. In their study, the tool reduced exposure to ampicillin and gentamicin by 28% from baseline 

during the first week of life among VLBW infants [31].  

Systemic reviews and meta-analyses demonstrated that most successful ASPs incorporate prospective 

audits and feedback, sepsis risk calculators, automatic stops for empiric antibiotics, structured 

guidelines, and the use of biomarkers [33, 40-42].  

  

RATIONALE   

An effective ICU ASP has been documented to result in [8, 24, 33]:  

• Improving the quality of patient care in terms of improving rational antibiotic use.  

• Reducing the prevalence and incidence of antimicrobial-resistant pathogens.  

• Reducing cost expenditure in terms of antibiotics and consumables.  

• Reducing the length of hospital stay.  

• Decreasing the rate of central line infection.    

  

The PPS and hand hygiene audits among healthcare workers are useful tools to identify gaps for 

strengthening antimicrobial stewardship activities. The infectious disease team of the hospital in another 

department can apply the same modality.  

1.2 ETHICAL CONSIDERATIONS  

This study was approved by the UCT Faculty of Health Sciences Health Research Ethics Committee 

(FHS HREC) with ethical approval number 613/2020.  This study posed no risk to the patients. 

Information leaflets were provided to parents/ caretakers whose babies were admitted to the unit. The 

HCWs were informed about HH audit that was done and received a leaflet about ASP audit. 



10  

  

1.3. AUTHORS’ GUIDELINES OF THE JOURNAL IN WHICH THE PAPER HAS BEEN 

FORMATTED   

This study has a manuscript formatted for submission to Springer: Maternal and Child Health 

journal.  
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ABSTRACT  

Objective To assess antimicrobial usage, prescription practices, sensitivity patterns, hand 

hygiene (HH) practices and adherence to antibiotic stewardship principles in the neonatal unit 

at Mowbray Maternity Hospital (MMH).  

Study design: Mixed method observational study was done at MMH. A point of prevalence 

survey to assess antibiotic stewardship and HH audits were conducted using the WHO tools in 

two phases, a baseline in December 2020 and post-intervention from March to May 2021.   

Results: 246 Neonatal unit patient folders were reviewed between December 2020 and May 

2021. At baseline, compliance with treatment guidelines was 90% which improved to 100% 

post-intervention.  We found 37(15.0%) babies were on antibiotics, with 64.9 % of those on 

first-line antibiotics (Access group). Using multivariate logistic regression, extremely preterm 

infants were more likely to be on antibiotics with an odds ratio of 11, which was statistically 

significant. We found eight organisms (18.9%), which included one Carbapenem-resistant 

enterococci -Klebsiella pneumoniae. For HH, a total of 444 opportunities were observed. 

Moment 5 had the lowest overall mean compliance of (57.4%), which was statistically 

significant with a p-value =0.0172. The overall HH compliance was 83.7% at baseline and 

80.9% post-intervention; however, this was not statistically significant (p-value = 0.909).  

Conclusion: Strict adherence to treatment guidelines and good HH are essential factors for the 

good antibiotic stewardship seen at the MMH neonatal unit. This was reflected by low antibiotic 

usage, good HH compliance and low HAI rate. Further improvement requires ongoing HH 

audits and training, especially focusing on HH moment 5, after touching the patient's 

surroundings. 
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Introduction   

An antibiotic stewardship program (ASP) is defined as a coordinated intervention designed to 

improve and measure the appropriate use of antimicrobials by promoting the selection of the 

optimal antimicrobial drug regime, dose, duration of therapy, and route of administration [1]  

The first ASP studies were published in the late 1990s, and publications have increased 

exponentially over the last two decades. An ASP can be done by either restricting the use of 

reserved antibiotics or prospective audit and feedback. Physicians, hospital pharmacists, and 

the nursing team must collaborate and educate the rest of the healthcare team in their ASP [2, 

3].  

Every systemic antibiotic administered to a patient has the potential to lead to antimicrobial 

resistance [7]. It is estimated that over 50% of neonatal sepsis prescriptions are unnecessarily 

prescribed [4 – 7]. Overusing antibiotics paves the way for developing multi-drug resistant 

bacteria, and there is an urgent call for the rational use of antibiotics. In its global action plan, 

WHO recommended improved antibiotic surveillance as one of its key strategies [4-7].  

Children being a special group, the Essential medicine list for Children (EMLc) is used (4) to 

classify antibiotics into three categories, namely the Access group, the Watch group and the 

restricted group (AWaRE) [4].  Antimicrobial stewardship programs in NICUs highlight the 

potential to improve antibiotic prescription practice by reducing broad-spectrum antibiotic 

therapy in vulnerable preterm infants [7, 8].  

Although the incidence of culture-proven sepsis is declining worldwide [9], antibiotic use for 

culture-negative sepsis in the absence of a positive blood culture has remained to be around 6 

to 16-fold more than for confirmed sepsis [10, 11]. A study done in South Africa showed the 

rate of positivity in blood cultures is approximately 8%, while empirical antibiotic use was 

46.7% which suggests over-treatment of sepsis [11, 12]. Thus, culture-negative sepsis 

contributes to high antibiotic consumption in neonatal units [11-12] Many neonates are 
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therefore diagnosed with “probable” or “possible” sepsis or a presumed symptomatic infection, 

but no bacterial cause is identified. These are often called culture-negative sepsis and will be 

treated for an average of 5 to 7 days [11, 13].   

Some effective ways of preventing neonatal sepsis include HH, using soap and water or alcohol 

hand rub, appropriate well-defined care bundles or multimodal IPC programs, trophic enteral 

feeding, and promoting early breastfeeding [1, 14-17].    

There are various ways of improving compliance with HH among healthcare workers and 

parents. The evidence suggests HH compliance can be improved if there are posters of HH, 

training, support from management and peers, HH champions, regular HH observation, and 

availability of resources for hand hygiene [16, 18-23].  

Materials and Method   

The study was conducted at the MMH Neonatal Unit, a 73 bedded Neonatal Unit which offers 

all levels of neonatal care, including a NICU, high care, special care, pre-discharge, and 

kangaroo mother care unit.  MMH is a busy, regional, level II obstetric referral hospital with 

an average of 900 births per month, 11000 per year. The neonatal unit admits patients delivered 

at MMH and referrals from six primary midwife obstetric units, 2 district hospitals, and private 

hospitals in the immediate surrounding catchment area. MMH is the referral centre for 

approximately 20,000 babies born per year in the Metro West geographical area of the Western 

Cape. The clinical team consists of three consultants (1 neonatologist, 2 general paediatricians), 

one neonatal fellow, nine medical officers, two rotating registrars, two junior intern doctors 

who rotate every two months, two community service doctors every six months, and 

approximately 15 nursing staff daily.   
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Study period  

Phase 1: Baseline study (December 2020) 

This was conducted in December 2020. It involved a PPS and HH audit for that month. The results 

were analysed and used for intervention. 

Intervention: January and February 2021.  

The findings from the PPS and HH audits' baseline in December 2020 were presented to the HCWs 

working in the neonatal unit and HH training (in small groups) were done by the IPC nurse to day- and 

nightshifts HCWs.  

Phase II: Post-intervention, March-May 2021  

The PPS was done for three months in March, April, and May 2021. The second HH was done in May 

2021.  

Point of prevalence survey (PPS) 

All newborns admitted to the unit before 10 am on the day of data collection were eligible for 

the study. The data collection was done on the same day for the entire unit. Data were collected 

from the patient’s files, and blood results were accessed from the National Health Laboratory 

service portal using the adapted WHO PPS tools.  

Inclusion criteria  

All files for babies admitted before 10:00 am were reviewed on the data collection day.  

Exclusion criteria 

All babies admitted after 10 am on the day of data collection were excluded. 
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Observation for hand hygiene (HH) 

HH practice of HCWs working in the neonatal care unit were observed anonymously for both 

day and night shifts. The observer recorded separately for doctors and nurses. The HH 

observation was done using a WHO HH tool, and the opportunity for the five moments HH 

were observed. Data was collected in December 2020 (baseline) and May 2021 (post-

intervention). The five moments of HH as defined by WHO in figure 1. 

 

Figure 1: Moments of hand Hygiene 

Intervention: Audit feedback and training of healthcare workers 

The baseline HH and PPS audits were analysed, and audit feedback was provided during the 

formal doctors and nurses meeting. We reminded all doctors of the importance of adherence to 

the neonatal treatment protocol, and the latest changes were emphasised. All HCWs were given 

the opportunity to ask questions for clarification. In addition to the audit feedback, the team 

had sessions of HH protocol training by the IPC nurse in small groups during their working 

shifts.  

Note: Staff changes were noted for both doctors and nurses. The unit recruited a junior doctor 

who was not around at the time of baseline assessment and audit feedback, and the routine 

changing of intern doctors every month continued. The neonatal unit nursing team had three 

seniors leaving and two new nurses joining the team in the midst of our study period.  
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Ethics  

We explained to the parents why we reviewed their babies’ files and provided them with an 

information leaflet. The HCWs in the unit were also informed about HH audits and were given 

a leaflet to read on ASP. There was a waiver of consent for reviewing patient files and 

observing HH as they are quality improvement activities. 

This study was approved by the Faculty of Health Sciences Health Research Ethics 

Committee (FHS HREC) with ethical approval number 613/2020.   

 

Analysis:  

Multiple linear logistic regression was used to assess the relationship between the outcome 

variable (antibiotic use) with independent variables(sex of the baby, gestational age, area of 

admission, birthweight, inpatient days, baby age and birth location). Analysis of variance 

(ANOVA) was used to find the statistical difference in mean scores across the five HH 

moments. Two sample t-test was used to find if there is a statistical difference in HH compliance 

between cadres and overall mean compliance in 2020 (baseline) and 2021 (post-intervention).  

The analyses were done using Stata version 17.0. A p-value = 0.05 was considered statistically 

significant. 
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Results   

Characteristics of the study population 

 A total of 246 baby folders were reviewed for baseline and post-intervention. Of the study 

participants, 53% of the study patients were female, and a third of the babies, 93 (37.8%), were 

admitted to the unit for 8 – 28 days. The median length of stay was in the ward was 13 days. 

Most of the babies, 209(85%), were not prescribed antibiotics when the PPS was conducted 

(table 1).   

PPS findings  

There were 37(15%) babies on antibiotics during the entire study period. We had eight 

organisms (18.9%), as shown in Table 1. The organisms isolated from the blood culture results 

were E. coli (2), Group B streptococcus (2), Klebsiella pneumoniae (CRE) 1, 

Stenotrophomonas maltophilia (1), Coagulase negative Staphylococcus (1), and one baby had 

congenital syphilis. Using the AWaRe classification, of the patients that were on antibiotics, 

27(64.9%) were in the Access group, while 12(35.1%) were in the Watch group (Meropenem). 

There was no baby on restrictive antibiotics (table 2). Babies with a birth weight <1500gm 

were more likely to be on antibiotics, and this was highly statistically significant with a p-value 

< 0.0001. At baseline, there were 11 babies on antibiotics, and 10 (90.9%) of them had 

antibiotics prescribed according to the treatment guideline. This improved to 100% post-

intervention (table 4). Babies admitted into the NICU were more likely to receive antibiotics 

than those admitted to the other areas; this was highly statistically significant with a p-value < 

0.0001 (table 5). 
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Compliance to HH 

A total of 444 HH opportunities were observed for both day and night shifts (inclusive of baseline and 

post-intervention). For the baseline, 224(50.4%) HH opportunities were observed, while there were 

220(49.6%) HH opportunities post-intervention. 

Figure 2  

 

Compliance to HH across the five moments and Overall HH compliance for baseline (2020) and 

post-intervention (2021).  

 

 

At baseline, the mean compliance for moment 3 was 94.4% and improved to 100% after the 

intervention.  Comparing the mean compliance for the five moments of HH, using ANOVA, moment 5 

had the lowest overall compliance, 57.4%, and was statistically significant with a p-value =0.0172. The 

overall mean HH compliance for mean HH was 83.7% at baseline and  80.9% post-intervention; 

however, this was not statistically significant (p-value = 0.909). 
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Figure 3 

  

Compliance with HH for both doctors and nurses at baseline (2020) and post-intervention 

(2021).  

 

The tables show that doctors showed good compliance in day and night at baseline (2020) compared to 

nurses, while nurses scored higher in compliance during the night shift post-intervention (2021). The 

difference was statistically significant using a t-test p-value =0.0033. 
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DISCUSSION   

This quality improvement study was done at the Mowbray Maternity Hospital neonatal unit. A 

baseline PPS and HH observation audit were conducted, followed by an intervention (audit 

feedback to staff, ‘gentle reminders’ and HH training) and post-intervention subsequent PPSs 

and another HH audit. This study found a very low antibiotic usage at MMH and rational use 

of antibiotics attributed to high compliance to protocols with the “Access” antibiotics used in 

64.9% of cases.  The overall HH behaviour was good pre- and post-intervention, best for 

moments 1-4, least in moment 5- observed after touching the patient’s surroundings.  

Antibiotics are commonly used in the neonatal unit, and Ampicillin [24] and Gentamycin were 

used in 72.9 % of cases in our study, similar to Newby et al study [25]. From our study, the 

causative organisms in early-onset sepsis were mainly caused by GBS and congenital syphilis, 

while gram-negative organisms caused HAI. These causative organisms are similar to studies 

conducted in LMICs [12, 26, 27] and other high-income countries [27, 28], except for 

congenital syphilis, which was not previously reported. This is possibly a result of the Covid 

pandemic, with restricted general health and STI treatment access [29, 30].  Using the Essential 

medicine list classification for children (EMLc), our study did not have any babies in the 

restricted antibiotics group, contrary to the study done by Hsia Y et al [4]. This difference may 

be attributed to strict adherence (100% post-intervention) to the MMH unit’s neonatal treatment 

guideline and a  low rate of HAI when compared to many LMIC neonatal units [34-37].  

PPS is one way of assessing the rational use of antibiotics in a NICU [31, 32]. The results from 

our PPS showed neonatal sepsis was found only in 8 babies (3.2%), a lower rate compared to 

many LMIC neonatal units [34-37].  Our neonatal unit has a low antibiotic utilisation rate of 

15%, lower than the 48% shown by Hufnagel et al [33]. This may be partly because we only 

had one surgical patient in our study participants since surgical patients are often on 

prophylactic antibiotics.  
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The practice at MMH includes prescribing according to the treatment protocol and stopping 

antibiotics if the inflammatory markers (mainly CRP) are not suggestive of infection and a 

negative blood culture after 48 hours of incubation. Our study has shown that MMH has high 

compliance to the standard protocols, which improved to 100% post-intervention. Adherence 

to treatment protocol is an important aspect of ASP since it lowers the rate of antibiotic use in 

especially in premature babies [36, 38] and eventually reduces in-hospital days and a lower rate 

of HAI and NEC [33, 38].  

HH compliance has been shown to improve with pre-assessment and training models [23, 40].  

Our study showed good overall HH compliance, mean of 82,3%. This finding is above the 

average of 60 -70% in most facilities as shown in a systematic review by [41,42]. 

Nurses have been shown to have better compliance than doctors [43]. Our study had similar 

findings where nurses had higher mean compliance than doctors. We also observed a decline 

in compliance post-intervention which was mostly contributed to by doctor HH compliance. 

This may have been partly due to new medical staff, but possibly more importantly, the HH 

training was more organised for the nursing team [43]. 

Similar to other studies, we have demonstrated variation in compliance to opportunities of HH 

[39 – 47]. HH moment 3, required after any procedure or contact with body fluids, was found 

to have the highest mean compliance rate at 97.2%. This may be because of a perception of the 

high risk of contamination after touching body fluids [39] and the availability of alcohol hand 

rub [16,20, 39 – 45]. The high rate may also be because this study was done during the Covid 

pandemic, where HH was emphasised as means to reduce the risk of viral contamination [39, 

43].  

We found that HH moment 5, after touching the patient’s surroundings, showed the least 

overall compliance. Although we did not assess the reasons for poor compliance, studies have 
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shown poor compliance is affected by behavioural factors, awareness of HCWs to HH 

opportunity, availability of alcohol hand rub, and overall altitude, thus emphasising a need for 

continued training, use of posters and supply of appropriate alcohol at bed-side for HH [45-

47].  
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Conclusion and recommendation  

Our study is among a few PPS and HH audits done at neonatal units in LMICs [4,6,7,9,26, 32]. 

The availability of clear and strict guidelines for antibiotic use and the use of laboratory results 

are important for minimising the unnecessary use of antibiotics in neonatal units. Good HH 

practice further minimises the risk of HAIs and reduces exposure to antibiotics and the 

development of antibiotic-resistant infections. Training HCWs and audit feedback are 

important aspects of QI in a neonatal unit. These are all cost-effective measures that neonatal 

units in LMICs can adopt to reduce preventable neonatal deaths due to infection.  

For MMH neonatal unit, repeating a similar study, especially post the COVID pandemic, “HH 

and disinfectant-sensitized” era will be useful. Future studies could include antibiotic hang 

times (time of administration after prescription) and stop times (≤48hrs) and attempt to estimate 

clinical outcomes over time in relation to the calculated antimicrobial consumption by defined 

daily dose (DDD).  

Limitation  

Some of our results had small numbers and may not be generalised. We did not calculate the 

antimicrobial consumption by defined daily dose (DDD) and estimations of clinical outcomes 

related to antibiotic treatment because of our study design.  

While the moments of HH are well described in the literature, it would be useful to know what 

HCWs knowledge and perceptions are on each moment to better understand the barriers and 

enablers to HH. These are all potential focus areas for future studies.  
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APPENDICES   

Table 1: Baseline characteristics of admitted newborns (n=246)  

Variable  n (%) 

Newborn sex   

Female  131(53.2)  

Birthweight (g)    

>500 - 1499 g   119(48.3)  

1500–2499 g  84(34.2)  

2500–4500g  43(17.5)  

Gestational age (weeks)  

Very preterm (<34)  98(39.8)  

Very preterm (<34)  98(39.8)  

Late preterm (35 - 37)  96(39.1)  

Term (>37 -42 weeks)  52(21.1)  

Age group (postnatal days)  

0-3  38(15.5)  

4-7  48(19.5)  

8-28  95(38.6)  

>28  65(26.4)  

Median age   13 days (interquartile range 5 – 30) 

Admission area  

NICU  45(18.3)  

High and standard care   157(63.8)  

KMC  44(17.9)  
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Total hospital days  

0-3  40(16.3)  

4-7  48(19.5)  

8-28  93(37.8)  

>28  65(26.4)  

Use of Antibiotics  

Yes  37(15.0)  

No  209(85.0)  

Blood culture positivity rate  

Blood culture positive  8(21.6) 

Blood culture negative  29(78.4) 

Use of antibiotics according to phases  

Baseline  10(27) 

Post-intervention  27(73) 

Use of antibiotics based on BWT N = 37 

<1000gm 8(21.6) 

1000 – 1499gm 6(16.2) 

1500 – 2400gm 14(37.8) 

2400 – 3999gm 9(24.3) 

>4000 5(13.5) 

Notably, female babies comprised 53% of the study patients; a third of babies, 93 (37.8%) were 

admitted for 8 – 28 days, and most of the babies, 209(85%), were not on any antibiotics. Of 

those on antibiotics, babies < 1500gm were 14(37,8%) had only one antibiotic encounter. The 

isolated organism were E. coli (2), Group B streptococcus (2), Klebsiella pneumoniae (CRE) 

1, Stenotrophomonas maltophilia (1), Coagulase negative Staphylococcus (1), and one baby 

had congenital syphilis. 
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Table 2: Patient encounter with antibiotics based on the AWaRE Classification. (N = 37)  

From the table, 24(64.9%) of the antibiotics fall under the Access group. Overall, 27(73%) 

cases had only one antibiotic encounter. 

  

 

Classification group 

of antibiotics 

 

Name of antibiotics 

Number of times encountered with 

antibiotics 

1 2 3 4 Total 

(%) 

Access (first line) Ampicillin & gentamycin 22 0 0 0 22(59.5) 

Penicillin 1 0 0 0 1 (2.7) 

Cloxacillin 1 0 0 0 1(2.7) 

 24(64.9) 

Watch (second line) Meropenem 3 6 3 1 13(35.1) 

 Total  27(73) 6(16.2) 3(8.1) 1(2,7) 37(100) 
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Table 3: Birth weight in relation to total days of hospitalisation.   

 TOTAL HOSPITAL DAYS   

X2 = 

<0.0001 

Birth weight (g)  0 -3   4 - 7  8 - 28   >28  TOTAL  

500 - 1499  4(10.0)  14(29.2)  50(53.8)  51(78.5)  119(48.4)  

1500 - 2499  18(45)  27(56.3)  30(32.3)  9(13.9)  84(34.1)  

2500 - 4500  18(45)  7(14.6)  13(15.0)  5(7.7)  43(17.5)  

Total  40(16.2)  48(100)  93(37.7)  65  246  

93 babies (37.7%) had a hospital duration of 8 – 28 days. Babies with small weights <1500g) 

had longer hospital admission days than bigger babies with birth weight >1500gm, with a 

high statistical significance. (p-value = 0.0001)  
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Table 4: Prescription of antibiotics based on the treatment guideline. 

  Prescription according to 

guideline  

(%) 

 Not on 

antibiotics  

Yes  No  Total  

Baseline  58 10 (90.9) 1 (9.1) 69 

Post-intervention  151 26(100) 0 (0) 177 

Total  209 36(97.3) 1(2.7) 246 

At baseline 10(90.9%) had the antibiotics prescribed according to the treatment 

guideline.  
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Table 5: Multivariate logistic regression of factors associated with the utilisation of 

antibiotics for babies admitted in the neonatal unit. 

Covariates  Odds ratio  Confidence interval (CI)  P-value 

Newborn sex     

Female (reference group)     

Male  0.99 (0.49-2.51) 0.94 

Gestational age     

Extreme preterm (reference 

group)  

   

Very preterm  1.16 (0.19-7.10) 0.67 

Moderate preterm  11.28 (0.64 -197.17) 0.07 

Late preterm   11.12 (0.78 – 157.70) 0.08 

Term   12.36 (0.69 – 220.05) 0.09 

Area of admission     

NICU (refence group)    

High care  3.61 (1.32 - 9.84) 0.01 

KMC  3.58 0.74 - 17.46) 0.10 

Birth weight     

<1000 (reference group)      

1000 - 1499  4.04 (0.55 - 29.58) 0.17 

1500 - 2499  1.22 (0.10 - 14.47) 0.90 

2500 - 4000  0.73 (0.04 - 12.60) 0.80 

Inpatient days      

0-3 (reference range)     

4 - 7   0.001 0 0.99 

8 - 28  0.0001 0  0.99 

>28  64.84 (8.6 – 485.72) <0.0001 

Place of birth      

In hospital (inborn)     

Outborn  0.74 (0.17 – 4.54) 0.74 

BBA  1.71 (0.00 – 35.10) 0.71 

The result from logistic regression shows that babies who stayed more than 28 days in the ward 

were more likely to use antibiotics than those who stayed shorter (OR=64., 95% CI 8.6-485.7). 

Moreover, babies admitted to the high-care unit had a higher likelihood of using antibiotics 

than those in the NICU.   
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