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ABSTRACT
 Antibiotics are the most commonly prescribed and used drugs in the treatment of neonatal sepsis. Inappropriate use of antibiotics is associated with increased microbial resistance and neonatal mortality. Therefore, this study was set out to determine the antibiotic prescribing patterns for empirical therapy of neonatal sepsis at Women and Newborn Hospital in Lusaka, Zambia. This will help public health to combat inappropriate antibiotic prescribing and prevent antibiotic resistance and reduce mortality. This was a cross-sectional study conducted at the Women and Newborn Hospital, Neonatal intensive care unit Lusaka, Zambia, from May 2018 to August 2018. Data on 134 neonates were collected using a structured questionnaire. Data on demographic characteristics, appropriateness of dose, the frequency of administration, duration of treatment, and most prescribed antibiotics and conditions affecting the neonates were collected. Systematic sampling was used for the selection of participants. Before initiation of treatment, a single blood sample was collected from each neonate for culture and susceptibility testing. Samples were cultured on blood agar, chocolate and MacConkey. The organisms isolated from positive culture were identified using conventional biochemical techniques. Data analysis was conducted using STATA version 13. Of the 134 neonates studied, total inappropriateness was 39.1(29.2%) The dose inappropriate was 10(7%), inappropriate frequency of administration 15(11%) and inappropriate duration of treatment 15.01(11.2%). The most inappropriate prescribed drug was imipenem at least 11times out of 134. The most common condition associated with inappropriateness was sepsis with respiratory distress 14(10.4%) other conditions 12(9.0%) and sepsis with low birth weight 8(6.0%). Of all the samples that were cultured only 22(16.4%) samples had bacterial growth (12Coagulase Negative-Staphylococcus, 5Gram-negative bacilli, 2Escherichia coli and 3 Klebsiella). Coagulase Negative-Staphylococcus was susceptible to amikacin, gentamycin chloramphenicol, and vancomycin and intermediately susceptible to ciprofloxacin and resistant to co-trimoxazole and penicillin. Gram-negative bacilli were susceptible amikacin, imipenem and resistant to ceftriaxone, penicillin gentamycin and ciprofloxacin. While Escherichia coli and Klebsiella sp were resistant to ceftriaxone, gentamycin and penicillin and susceptible to amikacin, chloramphenicol and Imipenem. In the multivariate logistic analysis, only antibiotics and disease state were significantly associated with inappropriateness. In conclusion: There seems to be inappropriate prescribing of antibiotics in neonates with sepsis at Women and Newborn Hospital in Zambia. There is a need for the hospital (NICU) to enforce adherence to treatment protocols by the prescriber. 
Key words: Inappropriate, Antibiotic prescribing, Neonates, Sepsis 
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DEFINITION OF TERMS
Antibacterial drugs: Anything that destroys bacteria or suppresses their growth or their ability to reproduce (Medical Dictionary, 2008).
Antibiotic: A group of drugs used to treat infections caused by bacteria and to prevent bacterial infection in cases of immune system impairment (Medical Dictionary, 2008).

Antimicrobial: A drug used to treat a microbial infection. "Antimicrobial" is a general term that refers to a group of drugs that includes antibiotics, antifungals, antiprotozoal, and antivirals.
Antibiotic resistance: The ability of bacteria and other microorganisms to withstand an antibiotic to which they were once sensitive (and were once stalled or killed outright). Also called drug resistance (Medical Dictionary, 2008).

Appropriate use of medicines: Requires that patients receive medications appropriate to their clinical needs, in doses that meet their requirements, for an adequate period, and at the lowest cost to them and their community (WHO.2011).
Inappropriate use of medicines: Refers to prescribing that fails to conform to good standards of treatment. This may manifest in five different ways, namely: under-prescribing, over-prescribing, incorrect prescribing, extravagant prescribing, and multiple prescribing (WHO.2011).
Neonatal sepsis: Neonatal sepsis is a blood infection that occurs in an infant younger than 28 days old (Medical Encyclopedia).
Appropriate drug use: Appropriate use of medicines requires that "patients receive medications appropriate to their clinical needs, in doses that meet their requirements, for an adequate period, and at the lowest cost to them and their community (WHO.2011).

CHAPTER ONE: INTRODUCTION
1.1Background
Antibiotics are the most commonly prescribed drugs in the neonatal intensive care unit because of sepsis. Neonatal sepsis is referred to as a clinical syndrome that is marked by signs and symptoms of infection in the first 28 days of life, with or without isolation of a pathogen ., reported that 84% of neonatal mortality occurred within the first week of life, primarily because of infections and prematurity. It is therefore important that appropriate empirical antibiotic therapy is initiated immediately upon suspicion of sepsis after obtaining samples for culture. As per international guidelines, the immediate treatment of severe sepsis needs antibiotic administration within the first hour of recognition as it directly impacts on mortality (Dellinger et al., 2013)Turnbull et al., (2011). A study was done in Zambia by . Neonatal sepsis is known as the main cause of neonatal mortality accounting to many neonatal deaths worldwide (Depani et al., 2011)(Klinger et al., 2009)(Verma et al., 2015). It presents with nonspecific signs and symptoms and if not treated promptly can result in long term consequences such as neurodevelopmental problems and can lead to death 
According to the World Health Organization (WHO)(Charani et al., 2010). the rational medicine prescribing includes the appropriate use of medicine, in the proper dose, for an adequate period, and at the lowest cost to the individuals and their community (WHO, 2010). However, globally antibiotic prescribing has been associated with inappropriateness and increasing levels of resistance which are now issues of concerns 
 A study done by Ashiru-Oredope et al., (2012), reported that antibiotics prescribing was equal to 50% inappropriate(Alamu, 2009, Sheth et al., 2012). Other authors have shown that inappropriate prescribing of antibiotics are often seen in high-income countries as well as low-come countries which can lead to morbidity, mortality, increase in medical expenses or patient cost and microbial antibiotic resistance  .

Several studies by other authors revealed, that an average of 35% of the total health budget is spent on antibiotics particularly low–income countries (Mulatedzi, 2009). According to data collected from pharmacy department from Women and Newborn hospital of the University Teaching Hospitals, an average of 15% out of K13,000,000 healthy budget are spent on antibiotics per annum (UTH Pharmacy records, 2018).
The study of prescribing patterns seeks to monitor, evaluate and suggest modifications in clinicians’ prescribing habits to make medical care appropriate and affordable. Information about antibiotic use patterns is vital for a constructive approach to solve problems that arise from the multiple antibiotics available(Srishyla et al., 1994){Srishyla, 1994 #109}.
Data regarding antibiotic prescribing patterns in neonatal sepsis is inadequate, it is, therefore, essential that the antibiotic prescribing patterns be evaluated periodically.
 This study was set out to establish the antibiotic prescribing patterns of neonatal sepsis at NICU, Women and Newborn Hospital of the UTHs, Lusaka, Zambia.
1.2 Statement of the Problem
In neonates most clinicians prescribe antibiotics before confirming the presence of sepsis, this could lead to inappropriate prescribing. Inappropriate prescribing of antibiotics have led to an alarming rise in antibiotic resistance as high as 50% (Bochud et al., 2014)(Tripathi et al.,2012).
. Inappropriate prescribing of antibiotics has been associated with different adverse effects; alteration of gut colonization, the emergence of resistant strains, and increase the risk of late-onset sepsis, necrotizing enterocolitis (NEC), Candida colonization and can lead to mortality 
According to anecdotal observation, there has been a tendency to quickly change antibiotics from first, second and third-line regimen respectively without culture results in the NICU at Women and Newborn Hospital, Lusaka, Zambia (UTH neonatal records, 2018). This could probably lead to the development of microbial resistance and ultimately mortality.
According to the unpublished data from the microbiology laboratory, there has been a high percentage of microbial resistance to pathogens isolated from blood specimens as high as above 70% to first and second-line antibiotics which are cefotaxime, cloxacillin and ciprofloxacin (UTH microbiology laboratory, 2018). Hamer et al., in 2016 conducted a study on Sepsis Prevention in Neonates in Zambia (SPINZ) and equally reported high microbial resistance to prescribed antibiotics above 70% and high mortality rate as high as 46% per month.
 There have been reports of the high mortality rate of about 40% per week out of the total number of admission in NICU, WNH despite the immediate initiation of empirical antibiotic therapy but the exact reasons and factors with high mortality are not known. Inappropriate antibiotic prescribing could probably be contributing to mortality. (UTH neonatal records, 2018).  
1.3 Justification of the Study
Inappropriate prescribing of antibiotics is now a global concern. Inappropriate prescribing of antibiotics can lead to antimicrobial resistance and one way to prevent it is to reduce inappropriate antibiotic prescribing. Programs such as antibiotic stewardship are often used to enforce antibiotic policies that help in preventing inappropriate or irrational use of antibiotics and in maximizing treatment. Antibiotic stewardship programs have shown to decrease antimicrobial consumption, improve patient outcomes and combat emergence of resistant strains. To come up with such a policy for the management of infections in the Neonatal Intensive Care Unit, it is important to evaluate the information regarding antibiotic prescription patterns in neonates presenting to the Neonatal Intensive Care Unit. It was therefore of paramount importance that such a study be carried. Data collected would provide potential evidence-based information with regards to antibiotic prescribing patterns. It can also be used as a basis for coming up with new treatment guidelines or protocols which can help combat inappropriate prescribing. It can also be used as a basis for future research.
1.4 Research Question
What are the antibiotic prescribing patterns in neonates with Sepsis receiving empirical therapy at Women and Newborn Hospital of the University Teaching Hospitals, Lusaka, Zambia?
1.5 Main Objective
To evaluate antibiotic prescribing patterns in neonates with Sepsis receiving empirical therapy at Women and Newborn Hospital of the University Teaching Hospitals, Zambia.
1.6 Specific Objectives 
1.6.1. To determine the appropriateness of antibiotics prescribing patterns in terms of dose, duration, and the frequency of administration.
1.6.2. To determine antibiotic prescribing pattern conforming to the local antibiotic prescribing protocol at NICU, WNH.
1.6.3. To determine microbial susceptibility of the bacteria to the prescribed antibiotics at NICU.
1.6.4. To determine an association between baseline and clinical characteristic with inappropriateness in neonates at NICU.
1.7 Conceptual Framework

The conceptual framework was adopted from Hangoma, (2014) and modified. The following are some of the factors associated with inappropriate prescribing with reference to Figure 1.1; failure to follow standard guidelines when prescribing antibiotics may affect the treatment outcomes either positively or negatively, ineffective laboratory, misdiagnosis of the condition been managed, prescription by unqualified prescribers, the high price of antibiotics may lead to inappropriate prescribing by prescribing only the only available drugs because of the high prices of drugs, this might also compromise the quality of drugs, unavailability of appropriate drugs. All these factors are attributed to inappropriate prescribing which may lead to morbidity, mortality, long hospital stay and development of drug resistance. 
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Figure1.1: Conceptual framework for factors associated with inappropriate prescribing patterns.
1.8 Organisation of the Dissertation
a. The dissertation begin with the introduction on antibiotic prescribing patterns evaluation in neonates with Sepsis receiving empirical therapy at Women and Newborn Hospital of the University Teaching Hospitals, Zambia.

b. Chapter two reviewed the literature review around the subject matter

c. Chapter three explored the methods that were used in the study in terms of study design, study population, sample size and ethical consideration.

d. Chapter four gives the results of the study

e. Chapter five discussed the finding of the study and how they relate to the other studies.
 f. Chapter six gives conclusion and recommendations of the study

CHAPTER TWO: LITERATURE REVIEW

2.1 Burden of neonatal sepsis
Neonatal sepsis is a systemic infection within the first month of life. It involves bloodstream infections, meningitis, and pneumonia. It is one of the most common causes of mortality among neonates, accounting for 225 000 mortality globally every year (Chaurasia, et al., 2019).
According to the study done by Fleischmann-Struzek and colleagues, (2018(LIU, 2015; (Chaurasia, et al., 2019).), on the global burden of paediatric and neonatal sepsis: a systematic review, revealed that the incidence of neonatal sepsis is around 40 times higher and mortality rates are doubled in middle-income countries than in high-income countries. South Asia and sub-Saharan Africa (SSA) have the highest burden of neonatal sepsis worldwide (Chaurasia, et al., 2019). About 38.9% of cases of sepsis-associated neonatal death occurred in South Asia in 2013
Ranjeva et al., (2018), in the United State of America, undertook a study on; the economic burden of neonatal sepsis in sub-Saharan Africa and reported that neonatal sepsis put a massive public health burden for sub-Saharan Africa, with significant associated economic consequences. Their study also estimated that 5.29–8.73million disability-adjusted life years (DALYs) are lost annually in SSA due to neonatal sepsis. Comparable value of a statistical life (VSL), estimated yearly economic burden ranging from $10 billion to $469 billion.
A study was done in Ethiopia on neonatal sepsis showed that sepsis alone accounts for more than one-third (33%) of neonatal deaths . According to the Zambian demographic Health survey in the recent past (2009-2013), neonatal mortality accounts for 24deaths per 1000live births (ZDHS, 2013-2014).(Berhanu and Avan, 2014; Mersha et al.,2019)
 A study done by , on the other hand, showed that neonates who are treated of neonatal sepsis are susceptible to sequelae such as short and long-term neurodevelopmental impairment, development of necrotizing enterocolitis and bronchopulmonary dysplasia. This highlights the real burden of neonatal sepsis in the world, particularly SSA. However, the definite evaluation of the burden of neonatal sepsis in SSA is inadequate due to uncertainty in the diagnosis and estimations of the incidence. In spite of the heavy burden of neonatal mortality related to neonatal sepsis, studies show that sepsis receives less significant international financing as a public health priority compared with other neonatal major conditions (Ranjeva et al., 2018).Ferreira (2014) and Tsai et al.,(2014)
2.2 Commonly encountered bacterial pathogens associated with neonatal sepsis
Neonatal sepsis is classified into two groups; early-onset(EOS) (if symptoms start within 72hrs of life) and late-onset(LOS (if symptoms start after 72hrs) (Shane and Stoll, 2014). A global perspective of bacteria pathogens which commonly causes neonatal sepsis include group B Streptococci, coagulase-Negative Staphylococci (CoNS), Klebsiella, and Pseudomonas, Enterobacter, Candida, Streptococcus, anaerobes and non-typeable H influnzae (Mery, 2009).
Other studies have shown that in developed countries the incidence of early-onset neonatal sepsis is between 0.9–1.5 per 1000 live birth Stoll et al., 2011). The study also revealed that the most frequent cause of early-onset sepsis was Group B Streptococcus (GBS), followed by Escherichia coli, Staphylococcus aureus, Coagulase-negative Staphylococcus (CoNS), Listeria monocytogenes and other gram-negative bacteria. These study findings were in agreement with what Klinger and others, (2009) in Israel found. A study was done by Vergnano et al., (2011), on neonatal infections in England: the NeonIN surveillance network reported 3–3.7 per 1000 live births as the incidence of late-onset sepsis in developed countries. The major pathogen implicated was CoNS, followed by E. coli, Klebsiella sp and Candida sp. The less common causes of late-onset sepsis include Staphylococcus aureus, Enterococcus sp and Pseudomonas aeruginosa.(Vergnano et al., 2011 and 
While a study done in Netherland on; long-term trends in the epidemiology of neonatal sepsis and antibiotic susceptibility of causative agents by Van den Hoogen et al., (2015) revealed that Coagulase-negative Staphylococcus, Staphylococcus aureus E.coli Klebsiella Pseudomonas Enterobacter Candida GBS Serratia Acinetobacter anaerobes are some of the pathogens involved in causing Late-onset sepsis.
In recent studies, the causative agents associated with neonatal sepsis in low-income countries revealed that in EOS, gram-negative organisms dominate in the ratio of 2:1 with E.coli being the most commonly isolated pathogen. While in LOS coagulase-negative staphylococcus (CoNS), as the main causative organism (Zaidi et al., 2011).In a study done by Kohli-Kochhar et al., (2011), at Aga Khan University Hospital NICU Nairobi Kenya,  out of 152 neonates who presented with sepsis, 58 (38.2%) of them had LOS and coagulase-negative staphylococcus was the most common isolate both in EOS and LOS. Another study done in Tanzania found that Staphylococcus aureus was the most common organism followed by Klebsiella species and Escherichia coli (Mhada et al., 2012).. A similar study conducted in Ghana reported gram positives as the most frequent isolate and included coagulase negative-staphylococcus (CoNS), followed by Staphylococcus aureus and Streptococcus species (Labi et al., 2016)
A prospective case series study performed in Bangladesh by Chowdhury et al., (2014), on sensitivity pattern of micro-organisms of septicemia in Neonatal Intensive Care Unit of a Tertiary Hospital, Chittagong Medical College have shown that Klebsiella, Pseudomonas, Acinetobactor, E. coli and Enterobector are the microorganisms causing neonatal sepsis.

2.3 Risk factors for neonatal sepsis

The risk factors implicated in neonatal sepsis reflect the level of stress and illness experienced by the fetus at delivery, as well as the hazardous uterine environment surrounding the fetus before delivery. The most common risk factors associated with early-onset neonatal sepsis include, but are not limited to, the following: Maternal GBS colonization (particularly in the setting of inadequate prophylactic treatment), Premature rupture of membranes (PROM), Preterm rupture of membranes, Prolonged rupture of membranes, Premature birth, Maternal Urinary Tract Infection (UTI), Chorioamnionitis and maternal fever greater than 38ºC (100.4ºF). 
2.4 Diagnosis of neonatal sepsis

The diagnosis of neonatal sepsis is based on a combination of clinical presentation; the use of nonspecific markers, including C-reactive protein and procalcitonin (where available); blood cultures; and the use of molecular methods, including PCR. Cytokines, including interleukin 6 (IL-6), interleukin 8 (IL-8), gamma interferon (IFN-γ), and tumour necrosis factor-alpha (TNF-α), and cell surface antigens, including soluble intercellular adhesion molecule (sICAM) and CD64, are also being increasingly examined for use as nonspecific screening measures for neonatal sepsis(Simonsen et al.,2014).

Systemic inflammatory response syndrome (SIRS) criteria are currently being used to define septicaemia as the presence of at least two or more of the following of which one should be abnormal temperature or white blood cell count (WBC): 

1. Hyperthermia (>38.5 degrees C) or Hypothermia (<36 degrees C) 

2. Tachycardia (HR>165) or Bradycardia (HR <90) at rest 

However, the golden standard for confirming neonatal sepsis is a positive culture from a sterile site, including blood,(Russell and Kumar, 2015), cerebrospinal fluid (CSF)  (Hall and Lyman, 2006; Dong and Speer, 2015) or urine (O'Donovan, 2016). Blood investigations, including the full blood count and acute-phase reactants, such as C-reactive protein (CRP) and procalcitonin (PCT), are time-dependent and should be performed 6 - 12 hours after delivery to allow for an inflammatory response.. (Motara et al., 2005; Polin, 2012)
2.5 Antibiotic prescribing patterns

A cross-sectional study was done by  in India, on the evaluation of antimicrobial prescription pattern, reported that out of 118 neonates, 44% were treated inappropriately this was attributed to the inappropriate dose and frequency of drugs given. Cefotaxime 35.8% was commonly prescribed, followed by amikacin 18.1%, piperacillin 12.3% and meropenem 7.4%. Other less prescribed drugs include Ciprofloxacin, linezolid, ceftazidime, ceftriaxone and fluconazole. Their study did not take into account the duration of treatment as they were no clear-cut guidelines, instead concentrated mainly on the dose and frequency of administration. Their study concluded that antimicrobial agent (AMA) prescribing policy be formulated to promote rational prescribing.Borade et al., (2014)
Bukhsh et al., (2013) in Pakistan conducted a retrospective study in the neonatal intensive care unit of a public sector tertiary care hospital of Lahore to evaluate antibiotic prescribing in 50 cases of neonatal sepsis. In their study, the frequency of administration of different antibiotic combination was evaluated. Combinations of three antibiotics were prescribed 48%, a combination of amikacin, ampicillin, and ceftazidime, followed by 30% combination of amikacin, ampicillin and cefotaxime and 22% combination of vancomycin and meropenem. Their study, concentrated on the frequency of administration only while the present study took into account the dose, frequency of administration and duration of treatment. They concluded that high potency antibiotics were frequently used with less dependence on the performance of culture tests for definitive therapy selection.
A retrospective cross-sectional study by Kebede et al., (2017) on antimicrobial prescribing in Southwest Ethiopia, reported that all antimicrobials were prescribed empirically without any microbiological evidence. Out of the total of 812 antibiotics prescribed; 20% penicillin G crystalline was frequently prescribed, followed by 19% gentamicin and 16% ampicillin. It was also highlighted that antimicrobials were overprescribed and the number of drugs per prescription was also far from WHO recommendation and concluded that strict prescribing standard guidelines and treatment habits should be developed, to prevent antimicrobial resistance.
In Ethiopia, at Nekemte Referral Hospital, East Wollega Zone, Oromia Region, West Ethiopia, a similar study was conducted by Asefa et al.,(2012), it revealed that there were 16.2%, 7.51% and 10.46%, inappropriate dose, inappropriate frequency, and inappropriate duration respectively. It concluded that the hospital should provide all necessary references including Standard treatment guideline (STG) and antibiotic prescribing policy. 

Wadagbalkar et al., (2015), at Index Medical College Hospital and Research Centre, looked at evaluation of prescribing patterns of antibiotics retrospectively in NICU, India. In their study, the focus was on appropriate prescribing of drugs according to the protocol. Out of 200 patients, 36.5% were treated inappropriately. Out of the 200 patients who were prescribed antibiotics, 98% of neonates received antibiotics according to the protocol, while 2.5% were prescribed antibiotics which were not in the antibiotic policy. The most commonly prescribed antibiotics were Amikacin (60%), cefotaxime (41%), ampicillin and gentamicin in (37%) respectively. Their study concluded that antibiotics prescribing policy be formulated and displayed in NICU, to promote rational prescribing, to reduce the emergence of resistant strains and the cost of treatment.
Schellack and Gous, (2011) in South Africa conducted a prospective study on evaluation of antibiotics prescribing patterns against the existing antibiotic protocol. Nineteen different antibiotics were prescribed, and 11 of the 19 prescribed antibiotics appear in the antibiotic policy. The average duration of use for all antibiotics, except cefepime and ceftriaxone, was longer than seven days. Although antibiotics were used according to the ward protocol in the majority of patients, deviations from the protocol were associated with patients’ clinical condition and/or results from blood cultures. They concluded that an antibiotic policy may be useful to guide and measure appropriate antibiotic therapy in a NICU.
Gyssens and colleagues (2011), conducted a study on antibiotic stewardship program and evidence-based principles of prudent antibiotic prescribing. They reported that by applying strategies for appropriate prescribing that optimize indication, selection, dosing, route of administration, duration, and timing of antibiotic therapy, selection of resistant microorganisms could be reduced to the minimum. 
In Nigeria, a study was done to evaluate the prescription patterns and cost, the findings were that out of the 630 prescriptions that were reviewed, 83.5% of them had at least one antibiotic and only 45.6% of the prescriptions were presented in generic names. An average of 72.7% of the total cost of the drug is spent on antibiotics.  It was concluded that prescribing habits in low-income countries where bad as prescribers were not complying with standard treatment guidelines and that a lot of costs were incurred as a result of inappropriate prescribing (Akande et al., 2009).
According to a study done by Muller-Pebody et al., (2011), on the empirical treatment of neonatal sepsis, a survey was carried out on all reports of neonatal sepsis received by the Health Protection Agency's voluntary surveillance scheme in England and Wales. It revealed that Group B streptococcus (GBS) was the most common pathogen (31%) for early-onset sepsis followed by coagulase-negative staphylococci (CoNS; 22%), non-pyogenic streptococci (9%) and E.coli (9%). For late-onset sepsis, CoNS were isolated most frequently (45%), followed by Staphylococcus aureus (13%), Enterobacteriaceae (9%), E.coli (7%) and GBS (7%). More than 94% of organisms (early-onset) were susceptible to regimens involving combinations of penicillin with either gentamicin or amoxicillin, amoxicillin combined with cefotaxime or cefotaxime monotherapy. More than 95% of organisms (late-onset) were susceptible to gentamicin with either flucloxacillin or amoxicillin and amoxicillin with cefotaxime, but only 79% were susceptible to cefotaxime monotherapy. Their study concluded that gentamicin-based regimens should be used in preference to cefotaxime-based treatments, due to lower levels of susceptibility to cefotaxime and the need to avoid exerting selective pressure for resistance.
A prospective study was done by Zaidi et al., (2009), where WHO recommended that ampicillin and gentamicin for the treatment of neonatal sepsis may no longer be effective as 71% Klebsiella spp. and 50% of E. coli is reportedly resistant to gentamicin and ampicillin. Shrestha et al., (2012), in Nepal at the paediatric ward of Dhulikhel Hospital showed that among the 48 neonates samples sent for culture, 23 (47.9%) were culture positive with predominant isolates of Klebsiella oxytoca 11(47.8%), Pseudomonas spp. 4(17.4%), Methicillin-Resistant Staphylococcus Aureus (MRSA) 3(13%) and a single case of Enterobacter spp. were susceptible to amikacin, imipenem, and ciprofloxacin whereas, ampicillin in combination with cloxacillin, ampicillin, aztreonam was resistant for Klebsiella oxytoca. Amikacin, ceftazidime, and imipenem are sensitive to Enterobacter spp. The single or combinations of resistant antibiotics were found to be prescribed. This study was consistent with the study done by 
 A prospective study conducted at the neonatal intensive care unit, at Rama Medical College, Kanpur in India by (Sharma et al, 2013) on neonatal sepsis: Bacteria and their susceptibility pattern towards antibiotics found in their study a total of 137 cultures were reported to be positive out of 364 cases. The most common organism isolated was Staphylococcus aureus (37.22%) followed by Klebsiella pneumoniae (27%) and E.coli (19.7%). Other organisms were much less in number, which included pathogenic Streptococci, Coagulase-negative Staphylococci (CoNS), Pseudomonas, Acinetobacter and Enterobacter species. The Gram-positive organisms except Streptococci displayed a high degree of resistance to most penicillins and ciprofloxacin but susceptible to vancomycin, amikacin and cefepime. There was a high incidence of resistance recorded with ampicillin, gentamicin and ciprofloxacin amongst most Gram negative-organisms’ while cefepime, amikacin and meropenem were effective in most cases. Their study concluded that there is an increasing pattern of antibiotic resistance to the commonly used first-line drugs. Continuous surveillance for antibiotic susceptibility is needed to ensure proper empirical therapy. 
In Ghana, a hospital-based cross-sectional study was carried out at two public hospitals in the Ho municipality. Their study reported that out of 26 different pathogens that were isolated, the majority were gram-positive organisms 18 (69%) followed by gram-negative organisms 8 (31%). Staphylococcus epidermidis was the most common 53.8% pathogen isolated followed by a single isolate (4%) each of Proteus mirabilis and E.coli. All the isolated pathogens were 100 % resistant to ampicillin. It concluded that pathogens isolated were resistant to the first-line drugs for management of neonatal sepsis. Hence, the need for a review of the first-line drug for empirical treatment in neonatal sepsis (Aku et al., 2018).

The gap from the above-reviewed studies showed that neonatal sepsis is still a burden both globally and SSA. There is evidence to show that antibiotics are inappropriately prescribed and it is still a global burden and drugs are prescribed empirically without dependence on culture results. There is a need to make available Standard treatment guideline (STG) and antibiotic prescribing policy. Most of the pathogens isolated are resistant to the first-line drugs especially penicillin.
                              CHAPTER THREE: METHODOLOGY

 3.1 Study Design 
This was a cross-sectional study which was conducted at NICU, WNH
3.2 Study Site
 The research was conducted at the NICU, WNH of the University Teachings, Lusaka, Zambia. The unit accommodates up to 110 neonates per day, has 21 incubators and 90 cots. On average the unit admits 250 neonates per month with an average mortality of 30% per week. 
3.3 Study Population 
The study population were neonates admitted in NICU, WNH.
3.3.1 Inclusion Criteria 
 Neonates admitted with sepsis at NICU in Women and Newborn Hospital of UTHs at the time of data collection.
3.3.2 Exclusion Criteria
The study excluded neonates who were discharged within 24 hours of admission, transfer to other speciality ward and who were on treatment.
 3.4 Sample Size Determination and Sampling Method
The following assumption was made, 95% confidence level, the prevalence of 21.9% inappropriate found by the previous study (Hangoma, 2014) and precision of ± 5%,
The sample size was calculated as follows:
n = Z2P (100-P)

e2
Where n is the sample size
P is the prevalence 21.9%, (Hangoma, 2014) and
Z (1.96) is the area under the curve for a confidence level of 95%
e is the marginal error which is 5 in this case.
Therefore n= 1.962 X 21.87(100-21.87)/52 = 134
3.4.1 Sampling method 
The systematic sampling method was used to select participants (neonates) for inclusion in the study. The sampling interval was calculated by dividing the population size by the desired sample size. On average estimated population size of neonates admitted at NICU at WNH was about 250 per month with sepsis and 750 for three months and the desired sample size were 134. Therefore every 5th neonate was selected and enrolled in the study. 
The variables used in the study are presented in Table 3.1 as shown below;
3.5 Variables
Table 3.1: Main study variables and scales of measurements
	Independent variable
	Scales of measurement
	Dependent variable

	Age in days

	Continuous
	 Prescribing pattern

	Sex
	Categorical
	

	Dose (correctly indicated)
	Categorical
	

	Frequency
	Categorical
	

	Antibiotics prescribed
	Categorical
	

	Duration of treatment
	Continuous
	

	Susceptibility to antibiotics prescribed
	Categorical
	

	Conditions
	Categorical
	


3.6 Data Collection
 Data were collected from May 2018 to August 2018, using a structured questionnaire as a data collection tool. Patient demographics (gestational age, sex, birth weight), condition(s), dose, the frequency of administration and duration of treatment were documented.   
 Blood was collected before empirical antibiotics were initiated and taken to the laboratory for culture and susceptibility testing.
3.6.1 Laboratory procedure
The blood sample for culture was done using aseptic conditions to avoid contaminants. The samples were collected by a qualified practitioner after washing their hands thoroughly with soap and water. Then using sterile gloves cleaned the area of the femoral vein in the inguinal region with iodine solution and methylated spirit. Then the vein puncture was made with a sterile needle and minimum 3ml of blood was collected in a sterile syringe and the needle was changed upon depositing 1ml of the blood in BD BACTEC Pediatric bottle for blood culture.
After blood collection samples were taken to the laboratory and entered into the Bactec machine (BD corp., Wokingham, UK). After samples flag positive, they were processed immediately. The caps were disinfected with 70% alcohol. Broth culture of 1ml onto blood, chocolate, and was withdrawn by inserting a sterile needle through the rubber lining in the cap, inoculated MacConkey agar plates and prepared a smear on the glass slide. A Gram stain was performed and preliminary results were reported. Blood and chocolate plates were incubated at 35-37ºC in the carbon dioxide incubator and MacConkey plate in the oxygen incubator for 18-24hours.On the third day, the culture plates were examined for pure growth of any colonies.
The organisms isolated from positive culture were identified using conventional Biochemical Techniques. 
The sensitivity of the microorganisms to antibiotics was done using a disc with different antibiotics tested especially the antibiotics used in routine treatment of sepsis at NICU, WNH.

3.7 Data Collection Tools  
A structured questionnaire (Appendix D) and Gyssens et al. recommendation form (Appendix B) were used as data collecting tools. All prescriptions were compared against Gyssens et al., (2011) recommendation form.
3.8 Data Analysis
3.8.1 Quality evaluation
The appropriateness of antibiotic prescribing was assessed according to Gyssens et al., (2011) recommendation form and the traffic light system. Gyssens and other recommendation form is a standard form approved for use to assess the appropriateness of prescriptions. Traffic light system approach is recommended by the Royal College of Pathologists for use when making a comparison of per cent compliance of antibiotic prescribing with standards. The classification was either appropriate or inappropriate. Inappropriate was described based on dose, the frequency of administration, and duration of treatment.
3.8.2 Statistical Analysis
Data was first entered into an excel spreadsheet and transferred to STATA version 13.0(STATA Corp., Texas, USA) for all statistical analysis. To determine an association between the dependent variable with any categorical variables fisher’s exact test was used if any of the cells is less than 5 and Chi-square was if any of the cells is 5 and above. For continuous variables frequencies and percentages were used. To rule out confounders and to determine factor associated with inappropriateness multiple logistic regression was used.
3.9 Ethics Considerations
 Ethical clearance was sought from the University of Zambia Health Sciences Research Ethics Committee (UNZA -HSREC) reference number 20180207002 before the commencement of the research. Permission to carry out the research was guaranteed by Women and Newborn Hospital management. Only three doctors were engaged in collecting of sample with a minimum qualification of a registrar to ensure good quality of the sample, minimize cross-contamination and safety of neonates. To ensure confidentiality and anonymity codes were used on blood samples and informed consent was sought from neonates’ parents or guardians.
3.10 Limitation of the Study

The limitation of the study was the undocumented data of neonates exposed to antibiotics before admission, as this would affect the culture results by giving false-negative results.

CHAPTER FOUR: RESULTS
This chapter covers the following: demographic characteristics of the study participants (neonates), the antibiotics prescribed and the conditions for which they were prescribed, the appropriateness of the drugs whether the dose, frequency, and duration of treatment were appropriately prescribed, and whether prescriptions wherein conformity with the NICU antibiotics protocol and also met the Gyssens et al. criterion. This chapter provides information on the type of micro-organism isolated and antibiotics susceptibility pattern.
4.1: Demographics and Clinical Characteristics of Neonates
 Out of the 134 neonates that were studied, 132(98.5%) were in the age group of 0-7 days and 2(1.5%) were between 8-28days. Males 70(52.2%) were more than female babies 64 (47.8%) who were treated for neonatal sepsis. Sepsis with low birth weight 61(45.5%) was one of the most common conditions followed by sepsis with respiratory distress at 41(30.6%) and other conditions (jaundice, hypoxic-ischemic encephalopathy, and birth asphyxia). Neonates with hypothermia 30(63.83%), as shown in Table 4.1 below.
Table 4.1: Baseline characteristics of neonates admitted at NICU, WNH.


	Characteristics
	Categories
	Proportions (%)

	Age
	0-7days

8-28days
	132 (98.5)

2 (1.5)

	Sex
	Male

Female
	70 (52.2)

64 (47.8)

	Condition(s)
	 Sepsis with LBW

Sepsis with respiratory distress

Sepsis with other conditions
	61 (45.5)

41 (30.6)

32 (23.9)

	Birth Weight
	≤ 2499g

>2500g
	62 (46.3)

72 (53.7)

	Temperature
	<36.0oC

36.5-37.5oC

>37.5oC
	30(63.83)

11(11.40)

6 (12.77)


* LBW –Low birth weight

4.2: Inappropriateness of Antibiotics Prescribing Patterns
4.2.1 Documentation of Dose and Frequency of Administration 
The dose was inappropriately prescribed 4(3%) and (47%) appropriately prescribed. The frequency of administration was 52(39%) appropriately indicated and 15(11 %) inappropriately indicated. The results show that antibiotic dosage was appropriately indicated for the patients as evidenced by the p-value 0.0064 as shown below (Figure 4.1).

[image: image2.emf]P

e

r

c

e

n

t

a

g

e

 

o

f  

A

n

t

i

b

i

o

t

i

c

 

D

o

s

a

g

e

0

20

40

60

80

100

Inappropriate

Appropriate

Dose Frequency

7%

93%

11%

89%

(10) (124) (15) (119)


Figure 4.1: Antibiotic dosage (Dose and frequency of administration)
4.2.2: Documentation of the Duration of Treatment 

The duration of treatment was appropriately prescribed and indicated in most of the neonates when compared with inappropriate prescribing.
Duration of treatment was inappropriately indicated (11.2%) and appropriately indicated (88.8%), as shown below (Figure 4.2) 
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Figure 4.2: Duration of antibiotic treatment at NICU
4.3: Antibiotics Prescribing Pattern Conforming to the Local Antibiotics Protocol
4.3.1: Most Prescribed Antibiotics 
The most prescribed antibiotics were cefotaxime and cloxacillin 101(75.4%), followed by ciprofloxacin 33(24.6%) as shown below (Figure 4.3). 
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Figure 4.3: Most prescribed antibiotics at NICU, WNH

4.3.2: Association between Antibiotics Prescribed, Condition and Change of Antibiotics and inappropriateness 
There was an association between antibiotics prescribed and inappropriateness, X2 = 118.52; (p<0.0001). An association between condition and inappropriateness showed statistically significant difference X2= 8.99; (p=0.006). When an association between the change of antibiotics and appropriateness was done, there was a significant association, X2=18.50; (p<0001) as shown below (Table 4.2).
Table 4.2: Association between antibiotics prescribed, conditions, change of antibiotics and inappropriateness at NICU, WNH.
	Characteristics
	Inappropriate
	Appropriate
	Fisher’s exact
	P- value

	Antibiotics prescribed
	
	
	
	

	Cefotaxime & Cloxacillin*
	2
	99
	118.53
	<0.0001

	Ciprofloxacin& Cloxacillin*
	1
	32
	
	

	Conditions
	
	
	8.99
	0.006

	Sepsis with LBW **
	8
	53
	
	

	Sepsis with Respiratory Distress**
	14
	27
	
	

	Other Conditions**
	12
	20
	
	

	
	
	
	
	

	Change of antibiotic treatment
	
	
	18.50
	<0.0001

	Ciprofloxacin *
	1

	43
	
	

	Imipenem **
	11

	18
	
	


A different test was used to analyze different variables as shown in Table 4.3
*Fisher's exact was used where the value was less than 5. **Pearson chi-square was used where the value was less than 5.  X2 = Fisher’s exact.  *LBW= Low birth weight. Other conditions (jaundice, hypoxic-ischemic encephalopathy, and birth asphyxia).
4.4: Microbial Susceptibility to Prescribed Antibiotics
 According to the susceptibility test results, most of the bacteria were resistant to the antibiotics prescribed (ceftriaxone, penicillin, gentamycin and ciprofloxacin) and susceptible to amikacin and imipenem. Ciprofloxacin was found to be partially susceptible to Coagulase-negative Staphylococcus as shown below (Table 4.3).
Table 4.3: Microbial susceptibility to Antibiotics at NICU, WNH.
	Organism
	# of sample(s)
	Susceptible antibiotics
	Resistant antibiotics

	Escherichia coli
	2
	amikacin, imipenem
chloramphenicol
	ceftriaxone, penicillin, ampicillin, gentamycin

	
	
	
	ciprofloxacin

	
	
	
	

	Klebsiella sp*
	3
	amikacin, imipenem
	ceftriaxone, penicillin

	
	
	
	gentamycin, ciprofloxacin

	Gram-negative bacilli
	5
	amikacin, imipenem
chloramphenicol 
	ceftriaxone, penicillin,
 gentamycin, ciprofloxacin

	
	
	
	 

	
	
	
	

	Coagulase negative Staphylococcus
	12
	amikacin, gentamycin ,vancomycin chloramphenicol
ciprofloxacin(I)
	            Penicillin,

            co-trimoxazole


*sp=species; I = Intermediate 
4.5: Association between Baseline and Clinical Characteristic with Inappropriateness in Neonates at NICU
To determine an association between baseline and clinical characteristic with inappropriateness in neonates at NICU, univariate and multivariate logistic regression was constructed. In the univariate model, age, antibiotics prescribed, condition and susceptibility results were statistically significant. After adjusting for baseline characteristic under multivariate only antibiotics prescribed and conditions were found to be significantly associated with inappropriateness as shown below (Table 4.4).
Table 4.4: Univariate and Multivariate logistic regression between baseline and clinical characteristic with inappropriateness in neonates at NICU.
	
	Univariate
	Multivariate aria

	Characteristics
	OR
	95%CI
	P value
	aOR
	95%CI
	P value

	Age

	0.78
	0.63 – 0.97
	0.02
	0.98
	0.43 – 2 .27
	-------

	Temperature

	1.02
	0.48 – 2.19
	0.09
	------
	-------
	-------

	Antibiotics 
prescribed

	0.006
	0.00006-0.0072
	<0.0001
	0.0005
	0.00003-0.009
	0.000

	Duration of treatment 

	0.98
	0.87 – 1.10
	0.70
	-------
	------
	------

	Susceptibility results

	0.54
	0.34-0.88
	0.01
	0.71
	0.13-3.95
	-------

	Condition(s)
	0.50
	0.31 - 0.82
	0.006
	0.25
	0.06 –0.89
	0.04

	Change of treatment
	1.2
	0.73 – 2.00
	0.47
	-------
	--------
	---------

	Frequency
	0.44
	0.15 – 1.26
	0.12
	0.37
	0.02-8.88
	-----


*OR =Odds ratio; aOR=Adjusted Odds ratio; CI=Confidence interval
CHAPTER FIVE: DISCUSSION
Several studies have shown that appropriate empirical therapy depends on the physician experience at prescribing of drugs and good clinical judgment which can lead to reduced morbidity and mortality (Josiah et al., 2009; Shrestha et al., 2012). 
In this study, the majority of the neonates were aged 0-7days and three quarters were males similar to the study findings by borade et al., (2014) in Malaysia; Pandiamunian et al., (2012) in IndiaRaymond et al., 2017). Contrary to what Bukhsh et al., (2014) in Pakistan reported, where an equal number of neonates were admitted but a high incidence of neonatal sepsis was noted in female than males. In the present study, the majority of the neonates were admitted due to low birth weight similar to what Pandiamunian and others (2012) reported in India, where low birth weight, preterm and exaggerated physiological jaundice were the most frequently encountered conditions which caused admission of neonates to the NICU. Since this study found a similar prevalence of low birth weight, this could also probably explain why the majority of the neonates in this study had low birth weight. . This was in agreement with what other authors revealed, males are more prone to bacterial sepsis and meningitis, due to high incidence of Gram-negative enteric bacilli, than in females (Simonsen et al., 2014; 
Another study done by Awaisu et al (2012) in Malaysia, reported respiratory distress syndrome due to apnea, cyanosis and jaundice as the major cause of neonatal admission which this study did not report. This probably was due to the fifteen neonates who had no any signs and/or symptoms of neonatal sepsis. Other conditions such as hypoxic-ischemic encephalopathy, birth asphyxia, and jaundice congenital anomalies, and macrosomia were also some of the reasons for admission in this study.
Antibiotics prescribing patterns were evaluated based on the Gyssen et al., (2011) recommendation form. The dose, duration of treatment, and the frequency of administration were taken into account. It was found that there was some inappropriateness, and this was attributed to the dose, the frequency of administration and the duration of treatment. This was consistent with the study findings by Asefa et al., (2012) in Ethiopia and Borade et al., (2013) in India, were the dose, the frequency of administration and duration of treatment were attributed to their inappropriateness. This was due to inadequate materials such as Standard treatment guidelines, antibiotic prescribing guidelines or protocol. Om et al., (2016) in Cambodia also found some inappropriateness and it was attributed to prescribing routine, inadequate diagnostic capacity, lack of microbiology data, non-evidence-based clinical guidelines, anticipated patient demand, poor hygiene and infection control, and presumed bacterial resistance to narrow-spectrum antibiotics. 
Several studies done have also shown that inappropriate prescribing may lead to high morbidity, mortality, development of drug resistance and increase in drug costs ( Shankar et al, 2009Badar et al , 2012). Drug resistance may bring about morbidity, mortality and treatment cost which was in agreement with this study findings were most of the bacterial isolates were resistant to the prescribed antibiotic and high mortality. This could probably explain why mortality was high at NICU, as high as twenty-five per cent per week. (NICU, WNH, 2018).  Fifteen per cent of the total budgets per annum was spent on drugs in the present study (Pharmacy records WNH, 2018). ;
Bukhsh et al., (2013) in Pakistan conducted a similar study and reported that combinations of three antibiotics were prescribed, a combination of amikacin, ampicillin, and ceftazidime, followed by the combination of amikacin, ampicillin and cefotaxime and combination of vancomycin and meropenem. However, this study evaluated, a combination of two antibiotics, cefotaxime and cloxacillin and ciprofloxacin contrary to their study were a combination of three antibiotics was evaluated. Their study concentrated on the frequency of administration only. While the present study took into account the dose, frequency of administration and duration of treatment. 

In accordance with this study reports, cefotaxime, cloxacillin and ciprofloxacin were the most prescribed drugs, while other similar studies were done in India by Pandiamunian et al., (2016) and Wadagbalkar et al., (2015), have shown that amikacin, cefotaxime, ampicillin and gentamycin were the most frequently prescribed drugs in NICUs.
Fahimzad et al., (2017) in Iran, on a similar study also reported that ampicillin, vancomycin, amikacin and cefotaxime, gentamicin, and meropenem and ceftazidime, were the most commonly used drugs in the surveyed neonatal units in the mentioned order.
Several studies have also shown that Penicillin, gentamicin, and ampicillin were the most commonly prescribed antibiotics for neonates, however, vancomycin, meropenem and cefotaxime were among the least-used antibiotics. Cantey et al., 2015).This is not in keeping with the present study, cefotaxime and cloxacillin were used for initial empirical regimen while ciprofloxacin was used if the patient does not respond within 24hrs.Osowicki et al., 2015; (Hariharan et al., 2013; 
Antibiotic prescribing differ from different countries or the even same country but different institution or NICUs so was prescribed antibiotics. This was dependent on the prevailing bacteria isolates in the unit, antibiotic resistance patterns, origin of infection, (community-acquired vs. hospital-acquired), and physician preferences. 

According to World Health Organization recommendations, intravenous ampicillin together with gentamicin is indicated for initial empirical treatment for neonatal sepsis, while third-generation cephalosporin is used as a second-line regimen if the patient does not respond within 48 hours (Seale et al.,2015).

 Tripathi et al., (2012) in the United State of America and  in Italy also revealed that empirical use of cefotaxime for neonatal sepsis may lead to increased bacteria resistance, and also increased risk of mortality. However, Muller-Pebody et al., (2010) in Italy concluded, that cefotaxime should not be included in the empiric regimen of suspected sepsis because of lower susceptibility levels. This could probably explain why there was high bacteria resistance to cefotaxime as high 90% in the present study.Tzialla et al., (2015)
One of the factors that were taken into account when assessing for conformity to the neonatal protocol in this study was conditions why babies were being admitted. Inappropriateness can be explained depending on how the condition was managed such as sepsis with low birth weight, sepsis with respiratory distress, sepsis with other conditions (hypoxic-ischemic encephalopathy, jaundice, and birth asphyxia). Management of the disease condition was statistically associated with inappropriateness. It is, therefore, important for clinicians to understand the management of these conditions failure to which can bring about worsening of the condition, prolonged hospital stay and increased mortality.
 
Antibiotics prescribed were significantly associated with the inappropriateness of prescriptions. Inappropriate prescribing of antibiotics can bring about an increase in drug cost, increase in mortality and development of drug resistance. This could probably explain the high bacterial resistance to the prescribed antibiotics as high as 70% and high mortality above 40% per week according to the unpublished data from the microbiology laboratory at University Teaching Hospitals in Lusaka and at NICU, WNH, (2018).
Clinicians must have therapeutic knowledge of antibiotics prescribing and use, the must be aware of the prevailing microbial pathogens and resistance pattern in their setup and exercise good judgment (. After reviewing data, no study reported the association between the change of antibiotics and inappropriateness.Hanssens et al., 2009).In the present study change of antibiotic was significantly associated with inappropriateness. It is therefore important for clinicians to understand when to change antibiotic treatment from the first-line to second and third-line antibiotics as this will help to determine the treatment outcome and prevent the development of drug resistance(Hanssens et al., 2009)
The present study shows that compliance of prescriptions with ideal standards such as Gyssens’ recommendations and the Neonatal Antibiotic Protocol is a major concern. The target compliance to Gyssens et al. recommendations or Neonatal Antibiotic Protocol was the attainment of percentage compliance of 100%. However, this may not be attainable and thus the Royal College of Pathologists (RCPath) suggested the use of a traffic-light system approach for making comparisons of compliance of antibiotic prescribing with standards. This approach is more practical in practice. Therefore, in addition to Gyssens et al. recommendations, the results of this study under the sections of compliance to Neonatal Antibiotic Protocol are discussed with reference to the traffic-light system, were less than 85%  compliance means the protocol was not followed and greater than 95 % compliance means the protocol was followed. According to this study, only 72.8% of the prescription conformed to Gyssens et al. recommendations and which was less than 85%, therefore, according to traffic-light system indicating the need to improve prescribing habits at NICU, WNH. The study findings are in keeping with the study findings reported by Hangoma, (2015) where 35.9% of the prescription conformed to Gyssens et al. recommendations. Therefore, according to Gyssens et al. recommendations, their finding was also less than 85% indicating a serious need to intervene in the prescribing pattern.
Failure to comply might lead to the development of drug resistance, increase to drug cost and mortality. It is therefore important that clinicians ensure adherence to the protocol.
In the current study, the cases of suspected neonatal sepsis with positive blood culture were 16.4% similar to what Pandiamunian and others (2012) in India reported where 15.9% of the cases had positive blood cultures, confirming the presence of sepsis, while a study done by Shrestha et al, (2012) in Nepal showed a higher prevalence of positive blood culture 41.7%. Their higher prevalence was attributed to the isolation of the same microorganisms from environmental sampling apart from blood samples.
In the present study, the most prevalent organisms were Coagulase-negative Staphylococcus followed by Gram-negative bacilli, Escherichia coli, and Klebsiella. This was consistent with other studies done by HO, (2010) and Zaidi et al., (2011), where the most prevalent organism causing neonatal sepsis in NICU is Coagulase-negative Staphylococcus both in high and low-income countries. The findings of this study are also comparable to what Muller et al., (2010) and Vergnano et al., (2011) in England, Van Den Hoogen et al., (2010)  in Netherland revealed, that Coagulase-negative Staphylococcus is the most frequent pathogen causing late-onset sepsis. Labi et al., (2016) in Ghana had a similar report. Their findings could probably explain the same pattern of the organism isolated in this study. However, this was contrary to what Subash and Shanmugapriyan,(2015) in India reported, were Klebsiella and Pseudomonas were the major organisms causing sepsis. Contrary to Mhada et al., (2012) in Tanzania, where Staphylococcus aureus was the most common organism followed by Klebsiella species and Escherichia coli). 
While Kohli-Kochhar et al., (2011). in Kenya reported coagulase-negative staphylococcus as the most common isolate both in EOS and LOS. The variation in microbial isolates may be due to the difference in geographical locations and institutions. Also probably because of the changes in the composition of the pathogens over the last century, the trend of antibiotic prescribing and use (Marchant et al., 2013)
Antibiotics resistance is now a global problem that has caused ineffectiveness of the current empirical treatment against microorganisms (Shrestha et al, 2012). Knowledge of antibiotics resistance patterns and major organisms causing infections is of paramount importance in the management of neonatal sepsis. The findings in this study show that most of the bacteria isolates showed high resistance to penicillin, ceftriaxone, ciprofloxacin and gentamycin, which is in keeping with studies done in Nepal by Shrestha et al., (2012), Mhada et al., (2012) in Tanzania and (Chowdhury et al., 2016) in Bangladesh, where most organisms, whether Gram-negative or positive were resistant to commonly prescribed antibiotics (ampicillin and gentamicin). While, Vergnano et al., (2011) in England showed that, approximately 95% of early-onset infections are susceptible to a penicillin/gentamicin combination, which appears to be appropriate for empiric therapy in their set up. Aku et al., (2018) in Ghana have shown 100% resistance to ampicillin on all common organism of neonatal sepsis and 100% resistance to penicillin on all Gram-positive organisms and susceptible to gentamicin, ceftriaxone and cefuroxime. From this study findings and other studies in the regions, there is evidence to show that ampicillin, penicillin and gentamycin show high levels of antimicrobial resistance to the prescribed drugs. Similarly, a study conducted in an Asian study reported that 37% of all Gram-negative organisms were resistant to gentamicin and about one-third were resistant to both gentamicin and third-generation cephalosporin (Al-Taiar et al., 2013).

 It is, therefore, necessary that ampicillin, penicillin and gentamycin and third-generation cephalosporin be revisited as first-line drugs for empiric therapy. In accordance with this study findings, amikacin, chloramphenicol, imipenem were susceptible to most of the organism isolated while ciprofloxacin was intermediately susceptible to coagulase-negative staphylococcus this is in keeping with the study findings by Shrestha et al., (2012), except in their study coagulase-negative staphylococcus was not reported. It was also similar to what Chowdhury et al., (2016), reported were most of the isolated organisms were susceptible to amikacin, ciprofloxacin, levofloxacin, imipenem, meropenem, vancomycin and ceftazidime. Studies in Asia and Africa have reported gram-negative, Klebsiella species and E.coli being resistance to third-generation cephalosporin, ciprofloxacin, penicillin and vancomycin ranging from 60-100% , this was consistent with this study findings.Mane et al., 2011 and  Maramba-Lazarte, 2011)(Kayange et al., 2010; 
 Blood culture susceptibility studies are important to guide antibiotic regimen for neonatal sepsis both in high-income and low-income countries. 
Age, antibiotics prescribed, susceptibility test and conditions in the univariate model were significantly associated with the inappropriateness. After baseline adjustment and multivariate logistic regression only antibiotics prescribed and conditions were significantly associated with inappropriateness similar to the study done by Badar and others, (2010). It is therefore important that precaution should be taken to avoid inappropriate prescribing and use of antibiotics. Inappropriate prescribing of antibiotics has been associated with different adverse effects; alteration of gut colonization, the emergence of resistant strains, and increase the risk of late-onset sepsis, necrotizing enterocolitis (NEC), Candida colonization and can lead to mortality (Tripathi et al., 2012).
CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion 
The study showed that the appropriateness of antibiotics prescribing patterns in terms of dose, duration of treatment and the frequency of administration were appropriate according to the local antibiotic protocol. According to Gyssen and others, there seems to be inappropriate prescribing of antibiotics in neonates with sepsis. There was no conformity to the neonatal protocol. The study revealed that Coagulase-negative Staphylococcus was the major cause of neonatal sepsis and most of the organisms isolated were resistant to the antibiotics prescribed (ceftriaxone, penicillin, ampicillin, co-trimoxazole and gentamycin) and susceptible to imipenem, amikacin, chloramphenicol, ciprofloxacin and vancomycin. Antibiotics prescribed and conditions managed were significantly associated with the inappropriateness. 
6.2 Recommendations 
There is a need to review the protocol as evidenced by inappropriateness and the resistance patterns reported. There is a need for the hospital (NICU) to enforce adherence to treatment protocols by the prescriber. Training of prescribers on the appropriate use of antibiotics, as this might help to combat inappropriate prescribing. This study can also be used as a basis for future studies.
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APPENDICES
Appendix A: Gyssens et al. form



Yes

YES

YES

If all questions are answered ‘’ YES”’, a prescription is completely appropriate.
Appendix B: Participant information sheet
Research Title: Evaluation of Antibiotic Prescribing Patterns for Empirical Therapy of Neonatal Sepsis at Women and New Born Hospital
Dear Participant,
We have invited you to participate in a study which is designed to see how antibiotics are prescribed at NICU WNH.
Appropriate prescribing of antibiotics has been shown to delay the development of antibiotic resistance, to be cost-effective and to improve clinical outcomes. Prescribers need to prescribe antibiotics in line with set standards. In this study, we want to evaluate and compare whether antibiotics are prescribed as per our national guidelines.
If you are willing to participate in this study, we shall go through your clinical records of your babies (medical notes, drug charts, microbiology, and culture and sensitivity results).
What are we asking you to do?
During the study, we will ask for your permission for your baby to take part in this important study and go through the patient's clinical records 
There will be medical procedures such as drawing blood for tests and needle prick in the femoral vein in inguinal region for the culture tests. All procedures will be carried out in a safe environment with care not to do harm.

Confidentiality
Any information obtained will remain absolutely confidential. Your details will be entered on a paper form but only in coded form and your name will not be included. Only your enrolment number will be recorded.
The Study is voluntary
You do not have to participate in the study if you do not want to, and if you refuse to participate in the study, your care will not be affected in any way. If you agree, you are also free to change your mind at a later date.
 Contact details of the researcher: Muzyamba Malambo
(Master of Clinical Pharmacy Student)
Pharmacy Department, University Teaching Hospital,
P/Bag RW 1X, Ridgeway, Lusaka.
The University of Zambia, Zambia Health Sciences Research Ethics Committee 
Tel: +260211-256067 

P.O Box 50110, Lusaka, Zambia 

 Email: unzahsrec@gmail.com
Appendix C: Consent Form 
I have been informed about the study entitled evaluation of antibiotic prescribing patterns for empirical therapy of neonatal sepsis at women and newborn hospital by Muzyamba Malambo
I understand the purpose and procedures of the study and I have been given an opportunity to participate.
I declare that my participation in this study is entirely voluntary and that I may withdraw at any time without affecting any of the benefits that I usually am entitled to.
If I have any further questions/concerns or queries related to the study I understand that I may contact the researcher at Women and Newborn Hospital, P/G RW 1X, Lusaka.
If I have any questions or concerns about my rights as a study participant, or if I am concerned about any aspect of the study or the researcher then I may contact: 
The Dean, Post Graduate School of Health Sciences, P.O BOX 50110, Lusaka, Zambia.
____________________    

____________________
Signature of Participant                            Date
The University of Zambia, Zambia Health Sciences Research Ethics Committee 

Tel: +260211-256067 

P.O Box 50110, Lusaka, Zambia 

 Email: unzahsrec@gmail.com
Appendix D: QUESTIONAIRE

EVALUATION OF ANTIBIOTICS PRESCRIBING PATTERNS FOR EMPIRICAL THERAPY OF NEONATAL SEPSIS AT WOMEN AND NEWBORN HOSPITAL

DEMOGRAPHIC DATA
	Patient Number…………
	Sex of patient……………
	

	Gestation Age………….
	The weight of patient…………
	

	
	
	

	Other Information
	
	

	Date of admission………..
	Provisional diagnosis ….
	……………

	
	Confirmed diagnosis
	………………..


4. Antibiotic(s) prescribed
Yes = 1 [ ]                                     No = 2 [ ]
 If yes to part 4, fill in the following table;
	
	ANTIBIOTIC1
	ANTIBIOTIC2
	ANTIBIOTIC3

	Name of the drug
	
	
	

	Starting date
	
	
	

	Initial dose
	
	
	

	Maintained dose 
	
	
	

	Route of administration*
	
	
	

	Duration of treatment
	
	
	

	Treatment comply with the ward protocol/ Gyssen et al form
	
	
	

	
	
	
	


* Intravenous (IV), intramuscular (IM), subcutaneous (SC), Oral (PO) etc.
5. Reasons for more than one antibiotic……………………………………
6. Any change of antibiotic done during treatment
Yes=3 [ ]        No= 4[ ]
7. If yes in part 6, after how many days of initiating treatment? ...................
Use of Antibiotics according to appropriate dose and frequency
	NO.
	Antibiotic
	No. of times doses are given
	The frequency of dose administration

	
	
	Appropriate
	inappropriate
	Appropriate
	inappropriate

	
	
	
	
	
	


8. Reasons for switching/changing……………………………………………………….
9. Specify the regimen changed to………………………………………………….
10. Was the Blood culture done? ..............................................

Yes=5 [ ]        No= 6[ ]
11. If Yes in part 10, were the results 
 Positive [ ]    or    negative [ ]
12. If Positive which;
a. The organism was isolated;       b. Susceptibility result
	
	Cefotaxime
	ciprofloxacin
	Gentamycin
	Imipenem
	Vancomycin
	
	

	Pt.ID
	
	
	
	
	
	
	


R-Resistant;   S-Susceptibility
12. Diagnosis confirmed by a bacteriological test?
Yes=5 [ ]     No=6 [ ]
13. If yes in part 12, (a). Which test? ............... 
(b) Was the sample taken before initiation of treatment? Yes=7 [ ]     No= [ ]
(c). If yes in part 13, how long did it take for results to be ready? .................
Appendix E: ETHICS APPROVAL
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Drug choice correct





No, not assessable





Duration of therapy correct





No, not assessable





Dose





No, not assessable





Route of Administration





No, not assessable
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