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ABSTRACT 

Sepsis is a systematic illness in which bacteria enter a normal sterile place in the body. Antimicrobial 
resistance complicates sepsis management across all settings, particularly in high-risk populations such 
as newborns and patients in intensive care units.  In other words, while sepsis affects individuals of any 
sex and of any age, there are significant disparities in the burden of disease. Sepsis disproportionately 
affects vulnerable population such as pregnant women, newborns, young children, older persons, 
individuals with underlying chronic conditions and the immune-compromised. . In this review, we have 
discussed the Resistance of Gram-Negative Bacteria involves in Sepsis among under five Children, the 
recent challenges, and possible areas for future research considerations. 
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Introduction 
Sepsis, a syndrome of physiologic, pathologic, and biochemical abnormalities induced by infection, is 
a major public health concern accounting for more than 2.5 million global annual newborn deaths and 
children under 5 years of age (Rudd et al., 2020). According to WHO, 2020 on global report, sepsis 
mortality is often related to suboptimal quality care, inadequate health infrastructure, poor infection 
prevention measures place, late diagnose, and inappropriate clinical management. The most susceptible 
age group of sepsis is children and more importantly new born and young infants. It also strikes aged 
people in more tendencies (Raheema and Qaddoori, 2021). A report by Dhir et al., 2021 on sepsis 
showed the rate of fatality which was significantly high in children under the age of 5. However, sepsis 
among children involves neonate [new born or infant younger than 90 days (3 months old; early and 
late onset sepsis)] and those above 3 months. Early onset sepsis is sepsis in new born at or before 72 
hours after birth and is generally caused by the transmission of pathogens from the female genitourinary 
system to the fetus thereby exposing the new born to infection during delivery (Wynn, 2016). Late onset 
sepsis is sepsis in new born that occurs after the delivery of a new born usually 3 to 4 days after birth 
(Wynn, 2016). It is caused by pathogens that enter from environment such as contact from health care 
workers. It may also be caused by a late manifestation of vertically transmitted infection; infants that 
require intravascular catheter insertion, or other invasive procedure that disrupt the mucosa are seen to 
be at risk of developing late onset sepsis (Ershad et al., 2019). 
In childhood, sepsis accounts for 60-80% of lost lives, with more than 6 million new born and children 
affected by sepsis annually (Reinhart et al., 2013). However, liu et al., 2015 also in 2013 estimated 6.3 
million live born children worldwide who died before the age of 5 years. Among them, nearly half (51.8 
%) died of infections with sepsis accounting for 15 % of overall under 5-year infection related childhood 
deaths. Sepsis is known to be responsible for >100,000 cases of maternal sepsis each year, and in some 
countries, it has become a greater threat in pregnancy than bleeding (Garrod et al., 2011). Countries 
with high income earnings is suffering from sepsis at an annual rate 8-13 % (Hall et al., 2011), reason 
includes; the aging population, increasing use of high-risk interventions in all age groups, drug resistant 
development and varieties of pathogens. In developing world, malnutrition, poverty and lack of access 
of vaccines contribute to death.  According to Wen et al., 2012, Nigeria is the second highest contributor 
to under 5 mortalities (much due to sepsis) in the world. However, in 2017, children accounted for half 
of all sepsis cases worldwide, with an estimated 20 million cases and 2.9 million fatalities in under 5 
years children. An estimated 17 million of these cases and 3.5 million of the deaths occurs in Africa 
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(Rudd et al., 2020; Keeley and Nsutebu 2021). Sepsis also accounts for 15 % of new born death and is 
the most common cause of death in infants globally. According to the world health organization, sepsis 
due to severe pneumonia, severe diarrhea, severe malaria and severe measles are responsible for the 
highest deaths in children (Weiss et al., 2015).  
Sepsis is one of the most common causes of children’s hospitalization and is estimated to cause 20 % 
of all new born deaths worldwide (Peterside et al., 2015). A study between September 2018 and 
November 2019 on assessing predictor’s mortality among children with sepsis at health facility in North 
western Nigeria was carried out by Hassan-Hanga et al., 2022. A total of 326 children were recruited, 
with median age 2 years, about 54.0 % of the children were boys, and 53.1 % were within 1-5 years age 
group. Salmonella typhi (5.7 %), Klebsiella pneumoniae (2.3 %) and Staphylococcus aureus (2.0 %) 
were the predominant organisms cultured from blood of the children. It was observed that case fatality 
rate was higher in children <1 year (13.6 %) amongst the total death recorded with case fatality rate of 
10.7 %. A related study in Nigerian hospital at special care baby unit was carried out by Ogundare et 
al., 2019. Children with sepsis were responsible for 16 % of special care baby unit admissions. Among 
the 72 babies with sepsis, 56 (77.8 %) had early onset sepsis compared to 16 (22.2 %) of late onset 
sepsis. Low birth weight (p=0.01) and perinatal asphyxia (p=0.01) were significantly associated with 
early onset sepsis, while for late onset sepsis, delivery outside the health facility (p=0.01) was the only 
significant risk factor. Out et al., 2015 reported the mobility and mortality of children admitted within 
2015 to 2016, in a special care baby unit in federal medical Centre Birnin kudu Jigawa state, Nigeria. 
A total of 205 children were admitted, with the ratio of males to females 2:1. The results showed that 
children (new born) sepsis (32.2 %), with birth asphyxia (29.3 %) and prematurity (18.5 %) was the 
major cause of mobility. Adedokun and co-workers also reported a retro specific evaluation to 
determine organisms present in early and late onset of new born with sepsis in university of Port 
Harcourt teaching hospital (UPTH) Nigeria between January to December 2007. The results showed 
that Klebsiella spp was the most common pathogens accounting for 37.8 % of the total isolates. 
Staphylococcus aureus (28.4 %), Escherichia coli (11.8 %), unclassified coliforms (8.3 %), 
pseudomonas spp (4.9 %), Enterococcus spp (2.9 %), Coagulate-negative staphylococcus (2.5 %) and 
Proteus spp (3.4 %) (Adedokun et al., 2020). 
A study between 2011 to 2013 was carried out on causative organisms of new born sepsis in Niger 
Delta University Teaching Hospital (NDUTH) Bayelsa State by Peterside et al., 2015, 233 (46.6 %) of 
450 new born admitted in the hospital were screen for sepsis. 97 (43.5 %) of them were blood culture 
positive, 52 (53.6 %) of isolated organisms were Gram positive and 45 (46.4 %) Gram negative. The 
most occurrence organisms were Staphylococcus aureus (51.5 %), Escherichia coli (16.5 %) and 
Klebsiella pneumonia (14.4 %). It was observed that all the isolated organisms showed highest 
sensitivity to quinolones (an antibiotic derived from quinolone used mostly against Gram negative 
organisms). Additionally, Ogunkunle et al., 2022, discovered Staphylococcus aureus with 41.4 % as 
the leading cause of childhood sepsis which was most sensitive to ampicillin-sulbactam 89 %. 
Classification of Sepsis 
Sepsis is a systematic illness in which bacteria enter a normal sterile place in the body. This definition 
is said to have taken evidence of systemic inflammatory response syndrome (SIRS) and incorporate it 
with suspicion of microbial origin. When these criteria include acute organ failure, it is said to be severe 
sepsis (Weiss et al., 2020). Experience in significant drop of blood pressure that can lead to respiratory 
or heart failure, stroke, failure of other organs and dead (Digiacinto and Johnson, 2021) or Further 
dysfunction accompanied with refractory hypotension or hypo perfusion while fluid resuscitation is 
being attempted (Shankar-Hari et al., 2016; Weiss et al., 2020), is classified as septic shock. However, 
when organ dysfunction progress to the point that the patient is unable to maintain homeostasis without 
intervention, it is called multi-organ dysfunction syndrome (MODS) (Plunkett and Tong, 2015). 
 

Classification Parameters 
Systemic inflammatory response                    Core body temperature >38 oC or <36 oC 
                                                                       Heart rate HR ≥ 90 bpm respirations ≥ 20/min  
                                                                       (or PaCO2 < 32 mmHg)  
                                                                       WBC ≥ 12, 000/µL or ≤ 4000/ µL  
                                                                       or >10 % immature. 
Sepsis                                                             At least two SIRS criteria caused by known or  
                                                                       suspected infection. 
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 Severe sepsis                                                Sepsis  with acute organ dysfunction. 
 Septic shock                                                 Sepsis with persistent or refractory hypotension  
                                                                       or  issue hypoperfusion despite adequate 
                                                                       fluid resuscitation. 
Multi organ dysfunction syndrome                 The presence of organ dysfunction in an acutely  
                                                                        ill patient such that homeostasis cannot  
                                                                        be maintained without intervention.                                                 

(Plunkett and Tong, 2015; Ogbara et al. 2021). 
In children, sepsis is classified base on the timing of the infection, according to whether the infection 
was contracted during birth (early-onset) or after birth (late-onset) (Kelvin, 2023). Low birth 
weight and premature babies are more susceptible to late-onset sepsis because their immune systems 
are immature. While symptoms can be delicate and nonspecific, some signs include: listlessness, 
not breastfeeding/feeding well, low body temperature, apnea (gaps in breathing), fever, pale colour, 
poor skin circulation with cool extremities, abdominal swelling, vomiting, diarrhoea, seizures, 
jitteriness, yellowing of the skin and whites of the eyes (jaundice) (Kelvin, 2023). Traditionally, sepsis 
has been classified into community-onset and hospital-acquired (i.e. nosocomial) infection, depending 
on the place of the infection’s gaining (ATSIDA, 2005). This two differ in terms of the host 
characteristics (e.g. demographics, risk profile, resistance patterns), pathogens and outcomes (Wang et 
al., 2015). For instance, in their study, Hoenigl and colleagues observed a significantly higher 30-day 
(20.75 vs. 11.20 %, p = 0 · 001) and 90-day (26.83 vs. 12.63 %, p < 0 · 001) mortality rates in people 
with hospital-acquired vs. community-onset infection (Hoenigl et al., 2014) introduced a new category 
of healthcare-associated sepsis due to an increasing number of sepsis cases associated with outpatient 
treatment that takes place in communities (e.g. nursing homes, dialysis, long-term home care Facilities. 
According to the definition of healthcare-associated sepsis, the patient had to have received a medical 
care in the community/outpatient setting (e.g. intravenous therapy, wound care) 30 days before the 
bloodstream infection, hospitalization in acute care hospital 90 days before the bloodstream infection, 
attendance of hospital or haemodialysis clinic, or residence in a nursing home or a long-term care 
facility (Friedman et al., 2002). Although nosocomial and healthcare-associated sepsis are related with 
respect to source of infection, type of pathogens, susceptibility and the outcome, emerging empirical 
evidence has shown them to be two distinct entities. Thus, community-onset sepsis has been further 
divided into healthcare-associated and community-acquired sepsis (Cardoso et al., 2014; Hoenigl et al., 
2014). Baharoon et al., 2015 carried out a retrospective evaluation on community versus hospital-
acquired severe sepsis and septic shock in intensive care unit. Of the 96 patients, 60 % of cases were 
due to hospital-acquired infections and 40% were community-acquired.  In other words, community and 
hospital-acquired severe sepsis and septic shock have high mortality rates, 47.2% and 63%, 
respectively. Guo-Yun et al., (2022) reported a retrospective study on community-acquired and 
hospital-acquired septic shock in children. The patients were followed up until 28 days after shock. 
Among 298 children enrolled, 65.9% (n = 91) of hospital-acquired septic shock (HASS) patients had 
haematologic/oncologic diseases, mainly with Gram-negative bacterial bloodstream infections (47.3%). 
Moreover, 67.7% (n = 207) of community-acquired septic shock (CASS) patients had no clear 
underlying disease, and most experienced Gram-positive bacterial infections (30.9%) of the respiratory 
or central nervous system.  The 28-day mortality was 62.6% and 32.7% in the HASS and CASS groups, 
respectively (P < 0.001). Platelet [odds ratio (OR) = 0.996, 95% confidence interval (CI) = 0.992–1.000, 
P = 0.028], positive pathogen detection (OR = 3.557, 95% CI = 1.307–9.684, P = 0.013), and multiple 
organ dysfunction syndrome (OR = 10.953, 95% CI = 1.974–60.775, P = 0.006) were risk factors for 
28-day mortality in HASS patients. Lactate (OR = 1.104, 95% CI = 1.022–1.192, P = 0.012) and 
mechanical ventilation (OR = 8.114, 95% CI = 1.806–36.465, P = 0.006) were risk factors for 28-day 
mortality in patients with CASS. In conclusion, they discovered a distinction between HASS and CASS 
pediatrics patient with septic shock.  
Bacteria involves in Sepsis (Gram-positive and Gram-negative) 
Bacteria sepsis is said to be the major cause of fatality worldwide. Both Gram negative and Gram-
positive bacteria play a major role in causing sepsis. These bacteria produce a range of virulence factors 
that aid them escape the immune defenses and disperse to remote organs and toxins that interact with 
host cells through specific receptors on the cell surface and release or activate a dysregulated immune 
response (Ramachandran, 2014). According to Odetola et al., 2007; Stormorken and Powel, 2011, delay 
recognition of blood stream bacteria increases the risk of mobididity and mortality as they progress to 
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sepsis, severe sepsis, septic shock and multiple organ dysfunction syndromes. Gao et al., (2019), in 
their report showed organisms causing sepsis in children.  
Gram-Negative Bacteria: Klebsiella pneumonia, Escherichia coli, Acinetobacter baumannii, 
Enterobacter cloacae, Serratia marcescens, Enterobacter aerogenes, Ochrobactum anthropic, 
Stenotrophomonas maltophilia, Achromobacter xylosoxidans, Chryseobacterium meningosepticum, 
Pseudomonas aeruginosa and Proteus mirabilis (Sisay et al., 2019). 
Gram-Positive Bacteria: Group B streptococcus, Staphylococcus aureus, Coagulase-negative 
Staphylococcus, Enterococcus faecalis, Enterococcus faecium, Streptococcus mitis, Streptococcus 
pasteurianus, Streptococcus gallolyticus, Streptococcus milleri. Enterobacter species are motile 
aerobic gram-negative bacilli belonging to Enterobacteriaceae family. The Enterobacter cloacae 
complex (ECC) includes different pathogens, capable of producing a wide variety of infections. The 
most frequent of it, are Enterobacter cloacae and Enterobacter aerogenes (Davin-Regli, 2015). In 2019, 
E. aerogenes was reclassified as Klebsiella aerogenes due to its high genotypic similarity with the genus 
Klebsiella (Alvarez-Marin et al., 2021). 
Amongst the organisms above, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Enterococcus faecalis, Staphylococcus epidermidis, Enterobacter cloacae, 
Streptococcus pneumoniae, Enterococcus faecium, and Acinetobacter baumannii are the 10 most 
prevalent species, (Diekema et al., 2019). In 2005 E. coli replaced S. aureus as the most prevalent 
bloodstream pathogen and A. baumannii entered the top 10. K. pneumoniae is consistently the third 
most prevalent bloodstream pathogen, and P. aeruginosa has emerged as fourth in prevalence, 
emphasizing the significance of Gram-negative species in these infections.  This small subset of Gram-
negative species significantly contributes to disease burden. E. coli accounts for 6 to 27% of bacteraemia 
cases, K. pneumoniae for 5 to 13%, P. aeruginosa for 4 to 9%, and A. baumannii for 1 to 13% (Magill 
et al., 2014).  
Recently, Godfrey et al., (2022) and Oyekale et al., (2022) showed K. pneumoniae, E. coli, P. 
aeruginosa as the most predominant Gram-negative bacteraemia. Godfrey et al., 2022 carried out a 
study on Aetiology antimicrobial susceptibility and outcome of children with sepsis, there was 
predominance of male participants (67.5%) with a median age of 2 years and an interquartile range of 
10 months to 4 years. Culture positive sepsis was detected among 29.8% of the participants and the 
common Gram-positive bacteria isolates used were Staphylococcus aureus (39.7%), Coagulase 
negative Staphylococcus (35.6%) and Gram-negative isolates were Escherichia coli (12.3 %), 
Klebsiella spp. (6.8%) and Pseudomonas aeruginosa (5.5%). Shobowale et al., (2017) also reported 
bacteria isolates rates from 100 new born babies to be 34%, which the predominant pathogens were 
Coagulase-negative Staphylococci, Staphylococcus aureus and Klebsiella pneumoniae. Oyekale et al., 
2022, in their study showed gram-negative bacteria (67.6%) to be the most predominant isolates of 
which Escherichia coli (29.4%) was the most commonly isolated specie. Staphylococcus aureus 
(23.5%) and Coagulase-negative Staphylococci (CoNS 8.8%) were the only Gram-positive bacteria 
isolated. Similar findings have been reported where Gram-negative bacteria were the predominant 
isolates from cases of blood stream infections (Gupta and Kashyap 2016; Lee et al., 2007). However, 
some studies have also reported Staphylococcus aureus as the most commonly isolated bacterial 
pathogen from cases of blood stream infections (Mia and Zerin, 2020; Sangita et al., 2019). Generally, 
there is wide variability in the pathogens isolated from cases of blood stream infections in different 
settings. Gram-positive bacteria were the most common cause of sepsis prior to the advent of antibiotics 
in the 1950s, but Gram-negative organism became the most predominant after the introduction of 
antibiotics from the 1960s to 1980. However, from the 1980, Gram-positive bacteria, most commonly 
Staphylococcus spp were thought to cause more than 50% of cases of sepsis (Polat et al., 2017). 
According to Oyekale et al., 2022, there is a higher chance of hospital-selected Gram-negative bacteria 
causing blood stream infections. 
 Several studies have reported Gram-negative organism (GNO) to be responsible for many deaths in 
children with sepsis (Jean et al., 2012; Carroll et al., 2016; Ogbolu et al., 2019; Georgios et al., 2019; 
Sisay et al., 2019; Breijyeh et al., 2020; Olowo-Okere et al., 2020; Chelkebe et al., 2021; Tessema et 
al., 2021). However, among Gram-negative bacteria, Escherichia coli, Klebsiella species and 
Pseudomonas aeruginosa are the most common blood stream isolates (Marchetti and Calandra, 2015). 
According to Joshi et al., (2000) studies, Gram negative organism was seen to be responsible for 67.2% 
of the cases. Pseudomonas aeruginosa was the most common organism (38.3%), followed by Klebsiella 
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spp. (30.4%) and Escherichia coli (15.6%). Similar pattern has also been reported in Trinidad Orrett, 
Shurland and Nigeria, Ako-Nai et al., (1999) with Pseudomonas aeruginosa contributing 26%, 
Klebsiella pneumonia 14%, Escherichia coli 12% and Enterobacter aerogene 5%. However, study from 
Bangladesh revealed that Gram negative organism was responsible for almost 73% of episodes of new 
born babies with sepsis, showing Escherichia coli as the most common cause (30%) followed by 
Klebsiella spp. (23%) (Ahmed et al. 2002).  

 
Figure 1: Gram negative species are adapted to colonize or infect diverse initial sites, which may 
progress to secondary bacteraemia. 
Gram negative bacteraemia is also involved with intermittent bacterial presence in the blood (Canzoneri 
et al., 2017), that arises often, as a secondary infection germinating from an initial source which moves 
into the blood stream. In these bacteria, there is virulence factors needed for initial site invasion.  
Pathogens have to employ an array of factors known as virulence factors that protect them from the host 
innate immune system and enable them to cross mucosal barriers, disseminate and replicate in distant 
organs (Bergsten et al., 2004; Merrell and Falkow, 2004). Importantly, each stage of infection involves 
the expression of different virulence factors depending on the stage of infection. Some of the most 
important bacterial virulence factors are toxins; endotoxin or lipopolysaccharide (LPS) that is present 
in the outer membrane of the Gram negative bacterium and many other secreted exotoxins and 
enterotoxins in other bacteria. Holmes and co-worker showed the three phases in Gram negative 
bacteraemia pathogenesis.  
Step 1: Invasion: Bacteria invade initial sites of colonization or infection and evade host immune 
responses using mechanisms such as capsule production (K. pneumoniae) and secretion of exotoxins 
(P. aeruginosa). Initial-site specificity varies by species, with certain bacteria being adapted for 
invasion at specific sites.  
Step 2: Dissemination: After invasion, bacteria over ride host barriers, such as immune response 
(epithelial) and spread from initial body sites to the blood stream. Dissemination requires factors such 
as adhesins and exotoxins (P. aeruginosa) or activation of specific pathways in epithelial cells (HIF-1α 
for K. pneumoniae).  
Step 3: Survival: Bacteria adapt to survive in the blood and blood filtering organs, that is, once in the 
blood, species must survive a new environment through metabolic flexibility (C. freundii and S. 
marcescens) and evade immune clearance with capsule production. Each bacteraemia phase must be 
investigated to better comprehend pathogenesis at both species-specific and multi-species levels 
(Holmes et al., 2021).  
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Figure 2: Gram Negative Bacteraemia Pathogenesis 
Signs and Symptoms of Sepsis  
Sepsis symptoms can range from mild to severe. According to Gauer, (2013) common generalized 
symptoms of sepsis include: Fever, chills; rigors may be reported, confusion, anxiety, fatique, malaise, 
myalgia, dyspnea, nausea, vomiting and decreased urination.  
According to Gauer, (2013) localizing symptoms may include: 
 Headache and stiff neck when meningitis, is the cause of sepsis. 
 Cough and pleuritic chest pain with pneumonia.  
 Abdominal pain with gastrointestinal or genitourinary source. 
 Diarrhoea in gastrointestinal luminal infections such as Clostridioides difficile or toxigenic 

Escherichia coli infection. 
 Flank pain and dysuria with kidney infection. 
 Bone or joint pain with osteomyelitis or septic arthritis.  
 Skin or soft tissue pain with abscesses, wounds or other soft tissue infections. 
 Elderly person may have limited or non-specific symptoms (example, poor oral intake inanition).  
Table 1: Signs and Symptoms that should Prompt Quick Clinical Assessment for Sepsis      
in Children. 

Fever>38°C         Hypothermia 
Tachypnoea         Apnoea  
Difficulty in breathing/ respiratory distress     Cyanotic/mottled skin/ashen appearance 
Tachycardia         Bradycardia  
Abnormal capillary refill time (> 3seconds)     Reduced urine output  
Weak pulses         non-blanching rash  
Altered mental status (irritability, inappropriate  Inappropriate drowsiness  
crying, confused)        (difficult to arouse, lethargic or obtunded) 

   (NICE, 2016). 
Goldstein et al., (2005), states, sepsis varies depending on the age of a child, neonates and infants 
usually shows non-specific signs and symptoms and older children often shows features of a systematic 
inflammatory response syndrome. Thus, clinicians should have a high catalogue of distrust when 
reviewing a child with non-specific features, as it may be the early presentation of sepsis (Lambert et 
al., 2017; Parshuram et al., 2011). Pediatric Early Warning Scores (PEWS) in both the emergency 
department as well as for patients admitted to the ward is recently used in a large number of health care 
systems; this may help to recover early identification of the demoralizing children (Lambert et al., 2017; 
Parshuram et al., 2011).  
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Complications of Sepsis 
Complications are more likely in severe cases and it can be fatal. Bauer et al., (2020), found that the mortality rate 
for sepsis after 90 days was 32.2 %, as well as mortality rate for septic shock after 90 days, 38.5% and 30% to 
40% (Mayo Clinic, 2023). These complications include;  

 Blood clots. 
 An increased risk of infection. 
 Tissue death (gangrene), requiring amputation of affected limb, toes or finger. 
 Organ failure, particularly the brain, kidneys, heart, and lungs. 
 Disseminated intravascular coagulopathy (Mayo Clinic, 2023; Kelvin, 2023). 

 
Risk Factors of Sepsis 
Risk factor associated with sepsis and severe sepsis is numerous and most of these factors are in relation 
with the ability of a patient to fight infection and the probability that acute organ failure develops in 
response to infection. Generally, greater risk is associated with male gender, age, black race and chronic 
health condition. Age is considered the most important risk factor and as patients age, the occurrence 
of severe sepsis is said to increase largely such that a patients of 65 years old could account for more 
than 50% of severe sepsis cases (Mayr et al., 2014). In other words, new born babies acquire a high 
occurrence of severe sepsis and septic shock as well compared to the total population. Globally, there 
is an estimation of over 36% mortality rates of all new born babies (Dellinger et al., 2013). According 
to Shane and Stoll, 2014, immature immune systems and early exposure to several microbial agents, 
including those stemming from maternal source, have made sepsis in children very dangerous with the 
case fatality rate ranging from 7% to 25%. In their study also, group B Staphylococcal and to a lesser 
degree E. coli, infections appear to be among the majority cases with early onset, coagulase negative 
Staphylococcus species and Staphylococcus aureus for late onset sepsis. More than half of patients with 
severe sepsis have at least one chronic health condition simultaneously. The most common chronic 
conditions are immune insufficiently (primary or secondary), cancer, chronic obstructive pulmonary 
disease, chronic renal disease, diabetes and chronic liver disease (Shane and Stoll, 2014). Situational 
risk factors include: immunosuppressive drugs, malnutrition, prosthetic devices and residence in long 
term care facilities. In addition, an environmental factor such as cold weather is in accordance with 
greater incident of severe sepsis and increased mortality despite a similar severity of illness (Mayr et 
al., 2014). 
Ogundare et al., (2016), in a study in Nigerian Hospital, highlighted unsupervised delivery (delivery 
outside the health facility p= 0.01) with birth asphyxia (p= 0.01) and low birth weight (p= 0.01) as some 
risk factors associated with sepsis, which is in line with a study by Shobowale et al., (2017). Another 
study by Olorukooba et al., 2020 in North West Nigeria revealed premature rupture of membrane 
PROM and urinary tract infection UTI during pregnancy as the risk factors for new born with sepsis. 
Their result was said to be consistent with the findings in Soweto by Utomo, (2010); Adatara et al., 
(2019), on risk factors of new born with sepsis. According to Endale et al., (2016), early rupture of 
membrane and prolonged labour increases the chance of ascending microorganisms from birth canal 
into the amniotic sac and foetal compromise as well as asphyxia which frequently leads to sepsis. 
However, new born babies born to mothers with UTI during pregnancy are said to be two times more 
likely to develop sepsis (Olorukooba et al., 2020). UTI is often associated early-onset sepsis and if 
untreated during the third-trimester pregnancy or labour, may lead to colonization of the birth canal by 
the infectious agent (Akindolire et al., 2016). Ogbara et al., (2021), in their report on factors that may 
contribute to new born with sepsis in Jos university teaching hospital, Nigeria observed that delivery at 
home is risky with the highest percentage of culture proven sepsis (52.2 %). They also observed that 
mothers with no formal education and those with only primary education had high proportions of culture 
proven sepsis (41.1% and 58.8% respectively), which is in accordance with a study by Onyedibe et al., 
(2012). Shobowale et al., (2016), reported some risk factors for sepsis from Lagos state university 
hospital, Nigeria: patients born outside a tertiary hospital were more at risk with p= 0.15 and a change 
in antibiotic therapy. Those who had any change in antimicrobials were less likely to acquire sepsis (p= 
0.0001). Also, babies who had instrument-assisted delivery were 3 times more likely to have late-onset 
sepsis with risk factor p=0.02, compared to other new born with suspected sepsis. Lack of antenatal 
care and poor breast feeding has also been highlighted by John et al., (2015), as risk factors of sepsis. 
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Bech et al., (2022), identified multiple risk factors of sepsis in 10 different sub-saharan African 
countries, which Nigeria is one of the major countries. The risk factors were classified as neonatal, 
maternal or sociodemographic. Neonatal risk factor: resuscitation at birth, birth weight (1.5 kg-2.5 kg), 
low Apgar score at the first and fifth minute, pre-maturity (< 37 weeks), no crying after birth, male sex. 
Maternal: prolonged labour, premature rupture of membrane (PROM), multiple digital virginal 
examinations, meconium-strained amniotic fluid, intrapartum fever, foul-smelling vaginal discharge. A 
study in Ethiopia by Birrie et al., (2022), on associated factors among new born with sepsis identified 
maternal PROM and UTI as risk factors for new born with sepsis and children who receive resuscitation 
at birth. This study is consistent with Agnche et al., (2020), in Jamma; Bayana et al., (2020), in Mekelle; 
and Gebremedhin et al., (2016), in Gondar. Another study from Zambia by Kabwe et al., (2016), 
showed a reduced risk of new born with sepsis born to HIV positive mothers to be [odds ratio, 0.46 
(0.23-0.93); p= 0.029]. other researchers also highlighted risk factors in their studies; catheter used 
(47%) and prolonged stay (38%), Oliva et al., (2021); age of onset, APGAR Score, birth weight and 
length of hospital stay (Leal et al., 2012). 
 

Antibiotic Resistance of Gram Negative Bacteria 
Globally, antibiotic resistance is a serious public health issue (WHO, 2018).  It is a natural process 
which occurs when bacteria evolve to resist the medicines that are being used to eradicate them. It is 
one of the greatest tragedies of the 21st century, which has undermined the progress in health care and 
others (CDC, 2019). After so many years of saving millions of lives and changing health care practices, 
there is an emergence of resistance of bacterial pathogens to nearly all antibiotics (Ventola, 2015). Black 
and co-worker in 2010 showed an estimation of children under 5 years of age worldwide with 6 % of 
new born and 14 % childhood death caused by bacteria. Successes that have been achieved in various 
aspects of modern medicine including surgery, cancer chemotherapy and organ transplantation is also 
under a threat due to the emergence and widespread of antibiotic resistant bacteria (WHO, 2014). Death 
attributed to antibiotic resistance have been estimated to be more than 700,000 annually and are seen to 
exceed 10 million by the year 2050, if serious action is not taken (World Bank, 2016).  
Emergence of antibiotic resistance is a natural phenomenon in most bacterial species, but their spread 
is being driven a lot of factors; over use and misuse of antibiotic in health care system (Roca et al., 
2015), lack of infection control practices, over population, poor sanitation and hygiene (Ayukekbong 
et al., 2017). According to Wang et al., (2015), overuse of antibiotics in children is more severe than in 
adult and since children more often come in contact with pathogens from foods and environment, they 
are more vulnerable to infections (Tan et al., 2022). Poor regulatory system that enables easy 
accessibility to all antimicrobial agents in most developing countries especially in Africa also 
contributes to the spread of drug resistant bacteria (Sharma et al., 2017; Osei-Safo et al., 2016). In other 
words, resistance among Gram negative bacteria has become the main problem in the world (Ho et al., 
2010). It has exceeded Gram positive organisms in several reports on blood stream infections in children 
from African countries (Wen et al., 2021; Sand et al., 2021; Oliva et al., 2021; Mutlu et al., 2011; 
Kenneth et al., 2015; Gao et al., 2019). Beshah et al., (2022), reported antibiotic drug resistance of 
Gram negative bacteria; from their percentage, a high prevalent of Gram negative bacteria was seen. 
The highest percentage was found in new born and children. Among the total drug resistant bacteria, 
148 (66.67 %) were identified in children below 6 years. 
Olowo-Okere et al., (2020), in Sokoto, Northwest Nigeria revealed a growing prevalence of Gram 
negative bacteria resistant to commonly prescribed antibiotics. Their study showed a high multidrug 
resistant Gram negative bacterial infection to be predominantly caused by Escherichia coli, Klebsiella 
Pneumoniae and P. aeruginosa, which is in accordance with a study by WHO, 2014; Breijyeh et al., 
2020. Tessema et al., (2021), reported antibiotic resistance pattern of important Gram negative bacteria 
Escherichia coli, Klebsiella oxytoca, Klebsiella pneumonia, Enterobacter cloacae from new born 
babies. Escherichia coli showed the highest resistance to ampicillin (73.9 %). Le Doare et al., (2015), 
carried out a review on antibiotic resistance rates among Gram negative bacteria in children with sepsis 
resource-limited countries. African countries were inclusive, which Nigeria was one of them. In new 
born, Klebsiella pneumoniae median resistance to ampicillin was 94% and Cephalosporins 84% in Asia, 
100% and 50% in Africa. It was observed that the specific pathogen resistance overall was Klebsiella 
species with highest level of resistance. In children (3 months to 5 years), pathogen identified was 
Salmonella spp, especially non typhoidal Salmonella, were the most Gram negative bacteria reported 
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in children in Asia. The isolates demonstrated over 32% resistance to ampicillin and 10% resistance to 
ciprofloxacin (Tsering et al., 2011; Holt et al., 2010; Schwarz et al., 2010). Over one third of isolates 
(37.3%) were resistance to nalidixic acid (Holt et al., 2010; Manchanda et al., 2006). However, higher 
rates were found in African studies (ampicillin 85% and ciprofloxacin 10%, respectively (Schwarz, et 
al., 2010; Vandenberg et al., 2010). In addition, resistance of other Enterobacteriaceae, including 
Escherichia coli and Klebsiella were also reported in African countries. High levels of resistance to 
ampicillin 58% (0% - 100%), gentamicin 30% (0% - 51.2%) and ceftriaxone 30% (0% - 64%) were 
seen in Klebsiella infection and over 50% resistance rates to ampicillin were noted for Escherichia coli 
isolates (Nwadioha et al., 2011; Onipede et al., 2009). Martin et al., (2017); Oliphant and Eroschenko, 
(2015), showed in their study a high rate of antibiotic resistance among important Gram negative 
pathogens, Escherichia coli, K. pneumonia, P. aeruginosa, P. mirabilis, Enterobacter species and 
Acinetobacter species to have exceeded 50% for penicillin. It was also seen that more than 40% of the 
strains were resistant to third-generation cephalosporin and aminoglycosides.  
Ogbolu and co-worker in 2019, reported high-level of antibiotics in Gram negative bacteria from 
Nigeria. Escherichia coli were most commonly resistant to the third generation cephalosporins (93.7%) 
and carbapanem (59.4%) followed by Pseudomonas spp. (91.7%) to third generation cephalosporins 
and 51.7% to carbapenems. Their study showed a very high prevalence of resistance >50% among 
Nigerian Gram negative bacteria isolates to three key classes of antibiotic compared to other areas of 
the world. Olowo-Okere et al., (2020), carried out an investigation on the prevalence of multi drug 
resistant Gram negative bacterial infections among patients in health care facilities, North West Nigeria. 
Among the 735 randomly selected bacterial isolates, 397(54.0%) were Gram negative bacteria; 
Escherichia coli 104 (26.2%), Klebsiella spp. 58(14.6%) were the most common Gram negative 
pathogens. Chelkebe et al., (2021), reported Gram negative bacteria and their antibiotic resistance 
pattern in patients with wound infection in Ethiopia to be 59% which was compared to findings in 
Tanzania by Carroll et al., (2016), where Gram negative bacteria accounted for 85% of the cases. It was 
observed that the pooled estimates were Escherichia coli (17%), Klebsiella pneumonia (11%), P. 
aeruginosa (11%), P. mirabilis (8%), Acinetobacter species (4%), Citrobacter species (4%) and 
Enterobacter species (3%). Another report in Ethiopia by Sisay et al., (2019), showed the pooled 
estimates of Escherichia coli, Klebsiella pneumonia, P. aeruginosa and P. mirabilis to be 13%, 9%, 9% 
and 8% respectively. However, due to the above report, it was observed by the researchers that E. coli, 
K. pneumonia, P. aeruginosa, P. mirabilis, Citrobacter species, Enterobacter species and Acinetobacter 
were the most prevalent Gram negative pathogens with an alarming rate of resistance to commonly used 
antibiotics, which is in line with a study by Jean et al., (2012); Georgios et al., (2019).  
 
Epidemiology of Sepsis 
Epidemiology revolves around the question of who, where, when, what and how about a disease. It is 
study of determinants and distribution of disease occurring in human population (Agege et al., 2020). 
The occurrence and prevalence of children with sepsis varies between developed world and developing 
countries. Many researchers have reported the epidemiology of sepsis in children and new born 
(Akuirene et al., 2020). A study in the United States by Watson et al., (2003), on epidemiology of severe 
sepsis in children showed highest in infants (5.16 per 1000), which fell emphatically in older children 
with (0.20 per 1000 in 10-14 years old). It was 15% higher in boys than girls (0.60 versus 0.52 per 1000, 
p < 0.001). Hospital mortality was 10.3% (6.2 per 1000 population). Half of the cases had underlying 
disease (49.0%) and over one fifth (22.9%) were low birth-weight new born, which meant that infants 
were at highest risk especially those with a low birth weight. Consequently, epidemiologic studies 
conducted in developing countries on pediatric sepsis showed higher prevalence of pediatric sepsis. 
Jaramillo-Bustamante et al., (2012), observed in Colombia that among the 1,051 children from 1 month 
to 17 years with sepsis diagnosed within the first 24 hour of pediatric intensive care unit’s admission, 
25% had severe sepsis and 48% had septic shock. Lower prevalence rates were observed in a single 
center retrospective study conducted in Paquistan by Khan et al., (2012), 17.3% children from 1 to 14% 
years had sepsis of many severities age. A study by Wang et al., (2014), among hospitalized children 
in China, also found 5.5% sepsis prevalence among 27,836 children admitted to the 11 participating 
hospital. Out of 1,530 sepsis patients, the authors reported that 7.9% had severe sepsis and 2.1% had 
septic shock and estimated an incidence of 181 cases per 100,000 children per year. However, Humoodi 
et al., (2021), also reported epidemiology of pediatric sepsis in pediatric intensive care (PICU) unit at 
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Saudi Arabia. The study was carried out between January 1, 2013 and December 31, 2017. Of the 2389 
total admissions to the PICU 113 patients (4.9%) met the definition of septic and 50.4% for septic shock. 
Most patients (66.3%) were less than 6 years old and 52% were male, 85 patients (75.2%) had 
underlying comorbidities. The respiratory system was the most common primary site of infection. 
Bacterial and viral infections were the leading infections with the rates of 29.2 and 21.2% respectively. 
The median duration of PICU stay was 8 days and the 28 day PICU pre-existing percutaneous central 
venous catheter were associated with a significant increase in mortality, with adjusted odds ratios of 3.6 
(95% confidence interval: 1.30-9.93) and 9.27 (95% confidence interval: 1.28-67.29), their study finally 
showed a high mortality rates in incidence of sepsis. Epidemiological review on new born with sepsis 
in Nigeria was carried out by (Ogbara et al., 2021). The study showed no decline in the mortality rate 
of new born with sepsis. In the same vein, Medugu et al., 2018 also carried out a systematic review in 
Nigeria, on new born with sepsis. Out of 24% (2,280) cases selected for review, the incidence of new 
born was 1.8% live births which ranges from 7-55 per 1000 live births. This was attributed to poor 
parental education and low-income factors. Within 2015 to 2016, Nwankwor et al., (2019), carried out 
a study to determine the mobility and mortality of new born admission in the special care baby unit in 
federal medical Centre Birnin Kudu, Jigawa State, Nigeria. A total of 205 new born were admitted, with 
the ratio of males to female 2:1. The result showed that the major cause of mobility was new born with 
sepsis (32.2%), birth asphyxia (29.3%) and prematurity (18.5%). The overall mortality rate was 7.16% 
with birth asphyxia accounting for 13(40.6%) of the total death. Chukwumeze et al., (2021), showed an 
epidemiology of children with severe sepsis in North West Nigeria. The study was between November 
1, 2018 and August 31, 2020 with admission of 234 patients with sepsis. Most patients were below the 
age of 2 years and most were admitted to the pediatric ward. 35% (n=82) of severe sepsis patients died 
during the hospitalization with almost half (49%) dying with 24 hours of admission to hospital. Most 
inpatient therapeutic feeding Centre (ITFC) patient (91%) were younger than 2 years of age, which was 
compared to 64% in the pediatric isolation ward p< 0.001. it was observed that ITFC had a significantly 
higher mortality rate compared to those in the pediatric and isolation ward (49% Versus 28%). However, 
a total of 1965 patients were evaluated in tertiary hospital Port Harcourt, Nigeria by Onubogu and West, 
(2022), to know the epidemiology of the diseases causing morbidity and mortality. Of the 1965 children, 
the ratio of male to female was 1:3:1. Their age ranged from one day old to 16 years old with 57.1% 
(1131) aged < 2 years. Among the infectious diseases analyzed, 234 children had sepsis (11.9%). It was 
observed that, children with the first 5 years of life constituted the highest number of patients seen in 
the children’s emergency room with male predominance. Higher prevalence rates of septicaemia in 
children were reported in other Nigerian studies by Onipede et al., (2009), (27%), Meremikwu et al., 
(2005), (48.9 %). 
Globally, for both sexes and all age groups combined, the most common underlying cause of sepsis-
related death was lower respiratory infection in every year from 1990 to 2017 with 2.8 million (95% 
uncertainty interval UI, 2.3-3.2). Among children younger than 5 years, the three most common cause 
of sepsis-related deaths in 2017 were new born disorders [801615 (95% UI 627191-996840) deaths], 
lower respiratory infections [641682 (508331-748106) deaths] and diarrhoeal diseases [447783 
(340224-532225) deaths] with highest number of males than female 164.2 Versus 134.1 (95% UI 150.1-
180.1 per 100000 Vs 123.6-146.1 per 100000 respectively (Rudd et al., 2020). In other words, global 
epidemiology of sepsis in children is quiet difficult owing to economic and diagnostic factors. A 
detailed review on 2019 showed the following results in countries with a high level of economic 
development, the occurrence of severe sepsis ranged from 1.4% in Japan to 7.7% in the United States. 
The mortality rate from severe sepsis was 7-17% from septic shock to 51%. In developing countries, 
the incidence of severe sepsis among children varied from 1% to 25.9%, and the mortality rate was 
12.3-34.6%. This was attributed to several diagnostic criteria and economic factors (de Souza and 
Machado, 2019; Tan et al., 2019). Several attempts have been made to estimate worldwide incidence 
of pediatrics sepsis. In 2014, the original study of the prevalence of sepsis, outcomes and therapies study 
was published. The study involved 6925 children from 128 intensive care units from North America, 
Europe, Asia, Australia and New Zealand, South America and Africa. The average occurrence of severe 
sepsis was 8.2%, but varied from 6.2% in Europe to 23.1% in Africa. However, the mortality rate in all 
the studied countries was approximately the same amounting to 23-24%. It was observed that majority 
of patients (77%) were diagnosed with concomitant diseases, which the most common among them 
were respiratory disorders. The most common focused infection was the respiratory system (40%) and 
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blood flow (19%) (Dugari and Kisson, 2017; Weiss et al., 2015; Plunkett and Tong, 2015; Souza et al., 
2018). In other words, most cases of sepsis occur before the age of 3 years, which may be as a result of 
the anatomical and physiological characteristics of young children and children with chronic 
comorbidities had a higher mortality rate (Prout et al., 2018; Ruth et al., 2014).  
Fleischmann et al., (2021), showed an epidemiology study for 2797879 live births and 29608 sepsis 
cases in 14 countries, most of which were middle-income countries. Random-effects estimates for new 
born with sepsis in the overall time frame were 2824 (95% Cl 1892 to 4194) cases per 100000 live 
births, of which an estimated 17.6% (95% Cl 10.3% to 28.6%) died between 2009 - 2018. The incidence 
was 3930 (95% Cl 1937 to 7812) per 100000 live births based on four studies from low medium income 
countries. Finally, it was observed that, there was a high rate of mortality in early-onset than late-onset 
new born with sepsis cases. In 2013, Hartman et al., reported the epidemiological studies of the 
incidence of severe sepsis in children. The study showed an increase in occurrence of severe sepsis 
(0.56 to 0.89 cases per 1000 children across all age groups). The incidence of severe sepsis was 
significantly higher in younger age groups (incidence in the neonatal age group and infants aged < 1 
year was 9.7 and 2.25 cases per 1000 children compared with 0.23 to 0.52 in children aged 1 to 19 
years). It was deduced that severe sepsis was more common in children with comorbidities. 
 
Laboratory Diagnosis of Sepsis 
The diagnostic criterion for organ dysfunction was modified from the surviving sepsis campaign 
guidelines to classify patients based on commonly available data in a resource-constrained setting 
(Mahavanakul et al., 2012). 
 

Table 2: Criteria for Organ Dysfunction in a Resource-Constrained Setting 
Organ System     Organ Dysfunction Variables 
Acute Oliguria                                  Urine output <500 ml per 24 h 
Azotaemia                                         Creatinine >177µmmol/L 
Coagulopathy                                    Platelets <100×109/L 
Total bilirubin                                   34.2 µmol/L or clinical jaundice 
Respiratory failure                            The need for medical ventilation 
Arterial hypotension                          SBP< 90 mmHg or requirement for any vasoactive drugs 

(Dellinger et al., 2013). 
As recommended, early recognition of sepsis is important because of prompt initiation of therapy likely 
improves outcomes (Rivers et al., 2001). Patients who are admitted already for severe infections should 
be screened routinely for sepsis using the diagnostic criteria mentioned (Pirozzi et al., 2016). In the case 
of antibiotic administration empirical therapy based on good clinical judgement, is strongly advised 
while waiting for culture results to guide definitive therapy (Pirozzi et al., 2016). However, it has been 
shown that the optimal time to initiate antibiotic therapy depending on severity of sepsis is within one 
to six hours of sepsis diagnosis (Rivers et al., 2001). According to Isa et al., (2013), on diagnosis and 
treatment of sepsis in North Central Nigeria, antibiotic therapy was all but empirical which was seen to 
be due to poor yield from blood cultures, delay between clinical diagnosis laboratory results availability. 
This, often experienced in resource-limited settings leads to high mortality rate in children with sepsis. 
Moreover, if there is a clinical suspicion of an infection being the etiology of septic shock, there should 
be no delay in the prompt treatment with antimicrobials. Two or more blood culture should be drawn 
immediately treatment is about to be initiated and more directed antimicrobials therapy for later on 
(Dellinger et al., 2013). Blood culture should be drawn from peripheral sites, not from existing IV 
access and there should be a precaution as they are filled properly (>10 ml of blood). If cultures prove 
to be positive from vascular access sites earlier than peripheral blood site, then vascular access would 
be the point of entry. In other words, cultures of IV and catheters should be taken with peripheral blood 
smears to help determine the source of infection. Other useful tools include, Gram stain, which is most 
common for respiratory tract specimens with positive cultures for lower respiratory tract infections. 
Concurrently, test such as rapid influenza antigen should be used during proper seasons for additional 
information. A focused history is a very vital source of information for most diagnosis (Dellinger et al., 
2013). 
According to Dellinger et al., (2013), the following should be considered when an infection is suspected 
(a) General variables 
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 Fever >38-degree 0C 
 Hypothermia core temperature <36-degree 0C 
 Heart rate >90 per min or more than two Standard deviation SD above the normal value range  
 Tachypnea  
 Altered mental status 
 Significant oedema or positive fluid balance >20 mL/kg over/24 hr. 
 Hyperglycaemia plasma glucose >140 mg/dL or 7.7 mmol/Lin the absence of diabetes. 

 

(b) Inflammatory variables 
 Leukocytosis white blood cell (WBC) >12000/µL 
 Leukopenia WBC count < 4000/µL 
 Normal WBC count with greater than 10% immature forms (shift or left) 
 Plasma C reactive protein more than two above normal value 
 Plasma procalcitonin more than two above normal values.  

 

(c) Hemodynamic  
 Arterial hypotension systolic blood pressure < 90 mmHg, mean arterial pressure < 70 mmHg 

or decrease in systolic blood pressure > 40 mmHg in adults less than two SD below normal for 
age 

 Organ dysfunction 
 Arterial hypoxemia PaO2/FiO2 < 300 
 Acute oliguria urine output < 0.5 mL/kg/hr for at least 2 hrs despite adequate fluid resuscitation. 
 Creatinine increase > 0.5 mg/dL or 44.2 µmol/L 
 Coagulation abnormalities INR > 1.5 or a PTT > 60 
 Thrombocytopenia platelet count < 100,000/µL 
 Hyperbilirubinemia plasma total bilirubin > 4 mg/dL or 70 µmol/L 

 
(d)  Tissue perfusion variables 

 Hyperlactatemia > 1mmol/L 
 Decreased capillary refill or mottling 

 
Diagnostic Tests for Sepsis; First Tests to Order:  
Full Blood Count with Differential: A WBC count ≥15,000 cells/μL was historically used to identify 
febrile young children at higher risk of occult bacteraemia (Baraff et al., 1993). However, studies 
conducted in the post-pneumococcal conjugate vaccine era have demonstrated that WBC count has poor 
test characteristics for bacterial infections across age groups and that no single cut-off value has a 
sufficient sensitivity or specificity for clinical utility (Stoll and Rubin, 2004; De Williams et al., 2014; 
Mahajan et al., 2014; Cruz et al., 2017). Abnormal white blood cell count for age (high or low) is one 
of the diagnostic criteria for systemic inflammatory response syndrome. A low or normal cell count is 
a feature of the initial phase of illness in severe sepsis and should raise the suspicion of the diagnosis if 
there are clinical signs that suggest sepsis. Thrombocytopenia (platelet count < 80 000/µL or a decrease 
by 50% from the highest value in the past three days) in the context of sepsis, is indicative of dispersed 
intravascular coagulation if related with coagulopathy (Plunkett and Tong, 2015).  
Serum Glucose: Moderate hypoglycaemia is a blood glucose level of 2.0-3.0 mmol/L and severe 
hypoglycaemia is a blood glucose level <2.0 mmol/L (Macrae et al., 2014). Hyperglycaemia is common 
as part of the stress response to sepsis. However, hypoglycaemia is not uncommon in young children, 
due to decreased fluid intake. It can also occur as a side effect of corticosteroid treatment. 
Hypoglycaemia may also occur as a result of depleted glycogen stores.  
Blood culture: No single laboratory test will confirm or refute the diagnosis of sepsis, but many can 
provide supporting or additional useful information (Deep and Duncan, 2020). As many infants and 
young children with sepsis have a primary bacteraemia, a blood culture is an important investigation 
(Puopolo et al., 2018; Kim et al., 2020; Pantell et al., 2021). This should be done as soon as possible 
when sepsis is suspected and ideally before administration of antibiotics; but, empiric antibiotic therapy 
should not be withheld while awaiting results if sepsis is suspected (Weiss et al., 2020). The sensitivity 
of blood culture is proportional to the volume of blood taken. When using a neonatal aerobic culture 
bottle in new born, a minimum of 1 mL of blood from venipuncture or freshly inserted vascular catheter 
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(arterial or venous) is likely to be adequate to diagnose bacteraemia (Polin, 2012; Puopolo et al., 2018). 
When standard aerobic culture bottles are used, a minimum of 4 mL of blood is needed for a valid 
negative culture at 48 hours. Blood culture results should be reviewed every 12 to 24 hours; most 
positive results will be detectable within 48 hours and many will be positive within 24 hours (Garcia-
Prats et al., 2000). 
Urine Analysis and Urine Culture: Urine analysis (urine sample for nitrites, microscopy, Gram stain 
and culture) should be considered in all neonates with sepsis (although in the first week of life, a positive 
result in urine culture may simply reflect a severe bacteraemia). It should be considered in older children 
with symptoms suggestive of a urinary tract infection. Urine analysis may not be possible until after 
fluid resuscitation. 
Biomarkers: Apart from the diagnosis and monitoring of sepsis, biomarkers are also useful for 
diagnosis and monitoring of the specific organ effects of sepsis. The following laboratory investigations 
should be requested in children with suspected sepsis: 
 Blood Gases: Although children rarely have arterial blood gases taken in the emergency department, 
it is often possible to obtain clinically useful information from capillary or venous blood gases. 
 A large base deficit is a key marker of severe sepsis and may be the first marker to give a clue 

to the severity of illness. 
 Hypercarbia or hypoxemia is supportive of a diagnosis of respiratory dysfunction (Goldstein et 

al., 2005).  
 Hypoxemia: P/F ratio (arterial oxygen pressure/fractional inspired oxygen) < 300 (in absence 

of cyanotic heart disease or pre-existing pulmonary disease).  
 Hypercarbia: Arterial carbon dioxide pressure >65 mm Hg, or 20 mm Hg above baseline level. 
 A high fractional inspired oxygen requirement is indicative of sepsis related respiratory failure.  
 Pulse oximetry should be ordered as a high requirement for fractional inspired oxygen is 

indicative of sepsis-related respiratory failure (Goldstein et al., 2005).  
Serum Lactate: Increased serum lactate level is indicative of illness severity in sepsis (Goldstein et al., 
2005; Garcia-Alvarez et al., 2014). It is caused by beta-adrenoreceptor stimulation from endogenous 
catecholamine up-regulating glycolysis leading to production of a high quantity of pyruvate. This 
production exceeds the utilization capacity of the tricarboxylic acid cycle and excess pyruvate is 
converted to lactate. Lactate is often elevated in severe sepsis or septic shock. In certain situations 
lactatemia may represent decreased oxygen delivery (Garcia-Alvarez et al., 2014). Lactate is most 
reliably assessed using an arterial sample; venous and capillary lactate should be interpreted with 
caution. 
Serum Electrolytes: Serum electrolytes are often deranged in sepsis. They should be measured at 
baseline and regularly until patients improve (Goldstein et al., 2005).  
Serum Creatinine: Increased serum creatinine (that is, serum creatinine >2 times upper limit of normal 
or increase in serum creatinine >2 times baseline level) is indicative of sepsis related renal failure 
(Goldstein et al., 2005). 
Liver Function Tests: Increased bilirubin levels (outside the neonatal age range) or increased alanine 
aminotransferase is suggestive of sepsis related liver dysfunction (Goldstein et al., 2005). 
Coagulation Studies: In the context of sepsis and thrombocytopenia, abnormal results (international 
normalized ratio >2; prolonged activated partial thromboplastin time (PTT), decreased fibrinogen level, 
increased D dimer levels) are indicative of disseminated intravascular dissemination (Goldstein et al., 
2005; Levi et al., 2009).  
C - reactive protein: Is an acute phase reactant and biomarker used for tracking inflammation in 
response to infection and tissue injury. Although it is possible to aid in the diagnosis of severe sepsis, 
CRP is also raised in the following conditions: late pregnancy, active inflammation, bacterial infections, 
viral infections and elderly age (Clyne and Olshaker, 1999). It is not as specific as serum procalcitonin, 
but more commonly available. Current practice varies regarding the use of C reactive protein and 
clinicians should continue to use clinical judgment when diagnosing sepsis. However, C-reactive 
protein is often integrated into identification of febrile infants with bacterial infections. A C-reactive 
protein cut-off of 2 mg/dL has moderate sensitivity (88%) and specificity (60%) for identification of 
febrile children with bacterial infections, with higher levels (e.g, >8mg/dL) having higher specificity 
(Andreola et al., 2007). Other studies have found lower diagnostic utility for C-reactive protein used in 
isolation to identify septic children (Lamping et al., 2018).  
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Procalcitonin (PCT): 
Procalcitonin (PCT) has the most favourable test characteristics for the identification of children with 
bacterial infections, particularly for invasive bacterial infection (IBI) (bacteraemia and/or bacterial 
meningitis) (Mahajan et al., 2014; Trippella et al., 2017). Among febrile infants ≤60 days of age, a PCT 
level of <0.5 ng/mL should be used in combination with other clinical and laboratory parameters to 
identify infants at low risk of invasive bacterial infection (Gomez et al., 2016; Kuppermann et al., 2019). 
For febrile older children, a PCT level of >0.5 ng/mL has low sensitivity (55%) and moderate specificity 
(85%) for bacterial infections, although its sensitivity is higher for invasive bacterial infection (82%) 
(Trippella et al., 2017). A PCT level of >2 ng/mL has low sensitivity (61%) for IBI but high specificity 
(94%) and can be used to identify febrile children at higher risk of sepsis (Trippella et al., 2017). 
Chest Radiography: Infants and small children with respiratory distress in the context of suspected 
sepsis should undergo chest radiography to assess for pneumonic changes (such as lobar consolidation 
in bronchopneumonia).  
Tests to Consider  
Lumbar Puncture: If meningitis with no sepsis is suspected and there is no purpuric or petechial rash, 
clinicians should consider a lumbar puncture (for cerebrospinal fluid protein and glucose 
concentrations, microscopy with Gram stain and bacterial culture) to exclude meningitis when the child 
is stable and can safely undergo the procedure (Polin, 2012). Lumbar puncture is usually contraindicated 
in children with severe sepsis until the patient is stabilized, as performing a lumbar puncture in severe 
sepsis may lead to collapse. A positive culture result for cerebrospinal fluid may confirm bacterial 
meningitis and provide information on the type of pathogen, including sensitivities to antibiotics; 
protein levels may be increased; glucose levels may be low.  
Meningococcal Polymerase Chain Reaction (PCR) Analysis: This may help confirm the diagnosis 
in equivocal or suspected clinical cases of meningococcal sepsis, but not available widely.  
Bronchoalveolar Lavage Culture: Bronchoalveolar lavage sample for microscopy and culture may 
be considered for a child in an intensive care unit with a suspected ventilator associated Pneumonia.  
Herpes Simplex Virus PCR (blood and cerebrospinal fluid): Neonatal herpes simplex infection 
(either in the central nervous system or disseminated) is infrequent, but an important consideration in 
children with severe sepsis. Consider ordering if neonatal herpes simplex infection is a possibility. 
Diagnostic tests to identify sepsis are limited to non-specific biomarkers indicative of a current 
inflammatory response such as white blood Cell (WBC) count and differential, C - reactive protein 
(CRP) and procalcitonin (PCT). However, none of these tests are sensitive or specific for diagnosing 
sepsis and evidence to suggest they exactly predict sepsis is lacking (Downes et al., 2020; Cruz et al., 
2020). According to Lanziotti et al., (2016), the cost of PCT test is significantly higher compared with 
CRP or white cell count. However, there are situations in which a distinctly raised procalcitonin is not 
predictive, for example, in the setting of moderate to severe acute kidney injury. Based on studies 
performed in adults, PCT is a good predictive sign that can be used for monitoring therapeutic response 
and can help guide safe antibiotic de-escalation/ rationalization. 
Prevention and Control of Sepsis 
A good number of sepsis could be prevented through the widespread adoption of practices in good 
general hygiene and hand washing, cleaner obstetric deliveries, through improvements in sanitation and 
nutrition, especially among children under 5 years of age, providing clean water in resource poor areas 
(Kisson et al., 2011), and vaccination programs for risk patient populations (Mangia et al., 2011). Sepsis 
mortality can be reduced considerably through the adoption of recognition systems and standardized 
emergency treatment (Ferrer et al., 2008; Levy et al., 2010; Barochia et al., 2010). According to 
Reinhart et al., 2013, sepsis often diagnosed too late. Patients and health care professionals do not 
suspect sepsis, and the clinical symptoms and laboratory signs that are currently used for the diagnosis 
such as raised temperature, increased pulse, breathing rate or white blood cell count are not specific for 
sepsis. However, lack of reliable systems to aid identification and speed delivery of care creates a low 
awareness of sepsis among health professionals which also lead to high rate of mortality. The more 
problematic one is the recognition in new born and children, because the signs and symptoms may not 
be specific and subtle but reduction is usually fast (Reinhart et al., 2013). Moreover, variation in normal 
physiological parameters with age also contributes to difficulties in identifying acute illness early 
(Roland, 2012). An international survey suggests that 80% -90% people in some African countries are 
not familiar with the term ‘sepsis’, despite the fact that a patient with sepsis is around five times more 
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likely to die than a patient who has suffered a heart attack or stroke and of those who are, most of them 
are not aware that sepsis is a leading cause of death (Rubulotta et al., 2009). According to Iwashyna et 
al., 2010, too little is known and understood about long-term effects of sepsis, and access to 
rehabilitation for survivors is poor, despite the evidence that at least one in five survivors suffers long-
term physical, cognitive or mental health problem. To address this gap and to decrease the burden of 
sepsis, in 2013, global sepsis alliance (GSA), and its funding members during the world sepsis 
declaration day decided to create awareness of sepsis among all stakeholders including members of the 
public and policy makers and encourage quality improvement initiatives for sepsis recognition and 
management by hospitals and health care providers. This was said to help in: 

1. Reducing sepsis incidence through prevention by at least 20 percent. 
2. Improving survival for children and adults.  
3. Raising public and professional awareness and understanding of sepsis. 
4. Ensuring improved access to adequate rehabilitation services.  
5. Creating and maintaining sepsis incidence and outcomes database (Reinhart et al., 2013). 

Levine et al., (2002), highlighted the principal method of primary prevention of sepsis: immunization; 
as it has been highly successful and cost effective. It is meant to understand that immunization has 
resulted in the global eradication of small pox and a significant reduction in the prevalence of many 
infectious diseases (such as poliomyelitis, rubella, tetanus, diphtheria, and measles). In other words, 
advances in biotechnology have contributes immensely in the improvement of vaccines, including 
vaccines for Haemophilus influenzae type b, Neisseria meningitides (type c) and Streptococcus 
pneumoniae. Secondary prevention involves long term antimicrobial prophylaxis with antibiotics, 
antivirals or antifungal (Van de Watering et al., 2013). In order to control sepsis in children, a timely 
recognition is required first. Quick diagnose and appropriate treatment could determine the patient’s 
outcome (Plunkett and Tong, 2015). This factor must be carried out before a definitive etiological 
diagnosis is available (Kissoon and Carapetis, 2019). Antibiotic therapy for suspected sepsis should be 
initiated with broad spectrum antibiotic according to age, group and local epidemiology and 
administered in doses will help to achieve a bactericidal concentration in the blood. Once a pathogen is 
identified, the antibiotic regimen should be narrowed and targeted to the isolated bacteria (Folgori and 
Bielicki, 2019). According to Isa et al., (2013), the suspected patient with sepsis should commence the 
antibiotic therapy within six hours of sepsis diagnosis and within one hour of severe sepsis diagnosis. 
Souza et al., (2017), in their review on epidemiology of sepsis in childhood suggested that, educational 
efforts aiming to increase the awareness on sepsis by the general public and adhering to the treatment 
guidelines by health care providers may result in significant improvements in sepsis survival. 
Treatment of Sepsis 
The consistent improvements in survival after sepsis is as a result of effective treatment, though there 
are still no approved specific molecular therapies for it. Attempts to regularize or boost many aspects 
of the physiology of patients with sepsis (gas exchange, glucose control, oxygen delivery) have been 
either ineffective or harmful (Gotts and Matthay, 2016). According to Kelvin, (2023), sepsis can quickly 
progress to septic shock and death if it’s left untreated. However, there are numbers of medication to 
treat sepsis, including: intravenous (IV) antibiotics to fight the infection, medications to increase blood 
pressure, insulin to stabilize blood sugar, corticosteroids to reduce inflammation, pain relievers to help 
with discomfort. Severe sepsis may also require large amounts of IV fluids and a respirator for breathing. 
Dialysis might be necessary if the kidneys are affected, since kidneys help filter harmful wastes, salt 
and excess water from your blood. In some cases, surgery may be needed to remove the source of an 
infection. This may include draining a pus-filled abscess or removing infected tissue. In addition, studies 
have shown some treatment of sepsis with numerous antibiotics.  
Treatment of new born with sepsis has been reported by (Solomon et al., 2021). The study showed that 
among the 119 new born with blood culture confirmed sepsis, 100 (84%) received antibiotics. The 
remaining percentage was as a result of death among new born occurring shortly after admission 
parental refusal of antibiotics and discharge from hospital against medical advice. Ampicillin was 
administered to 95 out of 100 new born. However, among the 83 new born who were administered 
ampicillin and gentamicin, 72 (87%) had Amp Gen-resistant infections. Eight out of 11 new born treated 
with ampicillin and cefotaxime had Gram negative bacteria phenotypes resistant to the antibiotic 
combination. Among the 119 new born with Gram negative sepsis, 30 (25%) died by their 28 days of 
life. At day 60, 72 (61%) were alive, 43 (36%) dead and 4 (3%) were lost to follow-up and was 

https://www.healthline.com/health/how-do-antibiotics-work
https://www.healthline.com/health/corticosteroids-what-are-they
https://www.healthline.com/health/dialysis
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compared to Amp Gen-susceptible infections. Amp Gen-resistant infections were associated with 
higher 28-days (n=2/18, 11%; versus n=28/97, 29%; P= 0.058) and 60-days (n=4/18, 22%; versus 
n=39/97, 40%; P= 0.074). Though the differences observed were not statistically significant, all caused 
mortality. In addition, the prevalence of 28-days and 60-days all-cause mortality was significantly 
higher among new born who had received antibiotics to which their Gram negative bacterial infections 
were resistant (29% and 41% respectively) compared to those whose treatment corresponded to their 
infections (0% and 14%, respectively) (P= 0.010, P= 0.028). Their findings were consistent among 
preterm and term new born, inborn and out born, new born with EOS with LOS, regardless of antibiotic 
combinations used. A retrospective review of 2700 Canadian patients with septic shock between 1989 
and 2004 found that only 50% received effective antibiotics within six hours of the onset of hypotension 
(Kumar et al., 2006). Each hour of delay in antibiotic administration after the onset of shock was 
connected with a nearly 12% decrease in survival (odds ratio 1.12 per hour delay, 1.103 to 1.136). A 
more recent retrospective analysis in 2014 of 18 000 patients admitted to 165 ICUs with septic shock 
or severe sepsis also found that adjusted hospital mortality steadily increased as the delay in antibiotic 
administration increased (one hour: 25.9%, 24.5% to 27.2%; >6 hours: 33.1%, 30.9% to 35.3%) 
(Ferrer et al., 2014).  
The most recent guidelines from the surviving sepsis campaign (SSC) recommend administration of 
effective intravenous antibiotics within an hour of recognizing severe sepsis or septic shock (Although 
the exact temporal benefits of antibiotics may be controversial (and unknowable given that a 
randomized trial would be unethical), there is consensus that effective antibiotics should be given as 
soon as possible. To meet this goal, hospitals have implemented a variety of screening procedures and 
protocols to help identify patients with severe sepsis early, rapidly obtain microbiologic samples and 
administer broad spectrum antibiotics (Dellinger et al., 2013). 
Resuscitation: 
Though boosting oxygen delivery improves outcome of patients with sepsis, some methodological 
issues are also observed (Ronco et al., 1993). A study of nine patients with sepsis and nine without in 
whom care was withdrawn showed that, oxygen delivery threshold for anaerobic metabolism was 
similar in patients with and without sepsis 3.8 (standard deviation 1.5) Vs 4.5 (1.3) mL/min/Kg; P= 
0.28. It was seen to be much lower than expected (Ronco et al., 1993). In 2001, Rivers et al., published 
an eagerness waned for increasing oxygen delivery to patients with sepsis. Standard therapy targeted 
central venous pressure of 8-12 mm Hg, mean arterial pressure of 65-90 mmHg and urine output of 0.5 
mL/Kg/h using crystalloid or colloid infusions and vasopressors. ‘Early goal directed therapy’ (EGDT) 
targeted the same three parameters as well as central venous oxygen saturation of 70% using red blood 
cell transfusions and inotropes as required. The EGDT group had a 16% absolute improvement in in-
hospital mortality (47% V 31%; relative risk, 0.58, 0.38 to 0.87), thus; was adopted as many centers 
began using specialized catheters to monitor central venous oxygen saturation continuously.  
Corticosteroid Therapy:  
The use of corticosteroids in the treatment of septic patients has verified to be quite debatable. The 
presence of glucocorticoids whether endogenous or exogenous is essential for control of the host 
inflammatory response. Universally, studies have shown high dose steroid regimen increases morbidity 
and mortality in patients with severe sepsis and in septic shock (Patel and Balk, 2012). Mortality rate 
has been shown to improve with the use of low dose corticosteroid therapy Annane et al., (2002), and 
is generally considered to be below 300 mg/day (Patel and Balk, 2012). A number of studies showed 
28-day mortality rates ranging from 10% to 30% below those of control groups (Patel and Balk, 2012). 
However, Patel and Balk, (2012); Michard et al., (2000), found that low dose corticosteroid treatment 
of septic patients meaningly enhanced hemodynamic status through an increase in blood pressure and 
decreased duration of pressure usage. Other studies have found no efficacy toward corticosteroid 
administration or found increased mortality (Sprung et al., 2008; Miller et al., 2013). Those observed 
to have the most benefit from therapy also were found to have adrenal insufficiency. According to 
Dellinger et al., (2013), the Surviving Sepsis campaign has recommended the use of corticosteroid 
therapy only in the presence of septic shock and only following a failure of blood pressure response to 
pressure and fluid therapies. The surviving sepsis campaign also recommends hydrocortisone 
administration at 200 mg/day in these patients and steadily tapering off once pressure therapy is no 
longer needed to maintain adequate blood pressure. Highly effective antibiotic therapy must be used for 
children and delays in the provision of care must be minimized. Treatment must be active against the 
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causative pathogen, safe for the newborn and feasible to deliver reliably in the hospital or community 
setting (Edmond and Zaidi, 2010). National pediatric associations currently recommend parenteral 
(intravenous or intramuscular) regimens for new born which are combinations of penicillin/ampicillin 
and gentamicin or third-generation cephalosporins (e.g., ceftriaxone or cefotaxime) for 10–14 days. 
These antibiotics are said to be safe and retain effectiveness when given at extended intervals (e.g., 
twice daily or daily dosing) (Darmstadt et al., 2009). These procedures are very active against 
Streptococcus spp., but Staphylococcus spp. can be highly resistant (Thaver et al., 2009). Gram negative 
antimicrobial susceptibility to ampicillin and gentamicin can also be poor, especially for Klebsiella spp. 
Emerging E. coli resistance to ampicillin, gentamicin and third-generation cephalosporin in intensive 
care unit in both developed and developing countries is also causing increasing concern (Zaidi et al., 
2005). According to Darmstadt et al., (2009), the potential for important life-threatening toxicity among 
new born associated with chloramphenicol makes it the least preferred empiric parenteral therapy. Oral 
antibiotic therapy should be considered in a situation where referral is not possible and there are no 
health care providers trained to give parenteral antibiotics (Darmstadt et al., 2009).  It is said to be better 
than no antibiotics at all. The new second-generation cephalosporins (e.g., cefadroxil and cefuroxime) 
which are better-absorbed oral antibiotics have an excellent safety profile, a spectrum of activity similar 
to cotrimoxazole, and may be more effective given the high resistance of newborn pathogens to 
cotrimoxazole. Ciprofloxacin also is increasingly accepted as safe in new born and permits further 
investigation for treatment of infections in newborns (Darmstadt et al., 2009).  
 
Conclusion  
According to NICE, (2016), clinicians should take a detailed history to ascertain whether the patient 
has increased risk factors for sepsis, followed by a thorough physical examination. All emergency 
departments should have a screening tool and sepsis bundle to aid early identification of the septic child 
with timely management and appropriate escalation. However, multiple quality improvement projects 
have demonstrated that the activation of a sepsis bundle is associated with improved outcome in patients 
with sepsis (Weiss et al., 2020; Evans et al., 2018).  
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