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Abstract: Neonatal early-onset sepsis (EOS) is one of the most common and life-threatening infections 
in neonates. This condition typically occurs within the first 72 hours after birth and is caused by 
pathogens transmitted from mother to infant. Common pathogens include Gram-positive bacteria, 
Gram-negative bacteria, and fungi. With the abuse of antibiotics and the emergence of resistant strains, 
the treatment of neonatal sepsis faces significant challenges. This article aims to analyze the pathogen 
distribution characteristics and resistance mechanisms of neonatal EOS, explore common resistant 
strains and their impact on clinical treatment, and propose management and prevention strategies, 
including rational use of antibiotics, infection control, and resistance monitoring. The study shows that 
the increase in resistant pathogens not only prolongs treatment durations but also complicates clinical 
management. Therefore, the rational use of antibiotics, enhanced infection control measures, and 
resistance monitoring are key to preventing and controlling early-onset sepsis. 
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1. Introduction 

Neonatal early-onset sepsis (EOS) is a life-threatening systemic infection caused by bacteria, fungi, 
and other pathogenic microorganisms in the neonatal period, most commonly occurring within the first 
72 hours after birth. It is regarded as one of the most frequent and fatal types of severe neonatal 
infections, contributing significantly to neonatal morbidity and mortality. Due to their immature and 
underdeveloped immune systems, neonates are particularly vulnerable to external pathogens 
immediately after birth, which increases their risk of developing sepsis. The onset of EOS is often 
closely linked to maternal infections occurring during labor or delivery. In such cases, pathogens are 
typically transmitted to the neonate through the birth canal or via other routes of contact, such as 
prolonged exposure to amniotic fluid or invasive delivery procedures. 

Despite advances in neonatal care and the widespread use of antibiotics, the management of EOS 
remains challenging. While significant progress has been made in the clinical treatment of early-onset 
sepsis, the growing issue of antibiotic resistance has become a major concern. The emergence of 
multidrug-resistant strains has substantially limited the effectiveness of standard treatment options, 
resulting in higher mortality rates, increased complications, and prolonged hospital stays for affected 
neonates. Resistance mechanisms employed by pathogens are highly diverse, often involving changes 
in drug targets, increased activity of efflux pumps to remove antibiotics from bacterial cells, and the 
production of enzymes that degrade or inactivate antibiotics.  

Notably, common resistant pathogens such as methicillin-resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococci (VRE), and carbapenem-resistant Gram-negative bacteria (including 
Escherichia coli and Klebsiella pneumoniae) present significant obstacles to effective clinical 
management. These pathogens are not only highly resilient but are also capable of causing severe 
infections that progress rapidly in neonates. As a result, understanding the distribution of these 
pathogens, the mechanisms underlying their resistance, and their impact on clinical outcomes in 
neonatal EOS has become a critical area of focus in contemporary medical research and treatment 
strategies. Developing effective resistance management protocols, coupled with preventive measures 
such as rational antibiotic use, rigorous infection control practices, and enhanced resistance monitoring, 
is essential for improving clinical outcomes and reducing neonatal mortality associated with EOS. 
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2. Overview of Neonatal Early-Onset Sepsis 

2.1. Definition and Clinical Manifestations 

Neonatal early-onset sepsis (EOS) is defined as a systemic infection occurring within the first 72 
hours after birth. It is most commonly caused by bacterial infections transmitted from the maternal 
birth canal during labor or delivery. This condition disproportionately affects neonates who are born 
prematurely, those with low birth weights, and infants with specific medical histories that compromise 
their immune function or overall health. EOS represents a significant challenge in neonatology due to 
its nonspecific symptoms and potentially rapid progression. 

The clinical manifestations of EOS are varied and may include abnormal body temperature 
(manifesting as either fever or hypothermia), tachypnea, refusal to feed, lethargy, feeding difficulties, 
arrhythmias, and the presence of skin rashes[1]. These symptoms are often nonspecific and can mimic 
other neonatal conditions, such as perinatal asphyxia or neonatal encephalopathy. The immature 
immune system of neonates further complicates the clinical picture, as they are less capable of 
mounting robust responses to infections. For this reason, a high index of clinical suspicion is necessary 
to ensure early diagnosis and timely intervention. 

The specific presentation of EOS is influenced by the type of pathogen involved. Gram-positive 
bacterial infections typically lead to severe sepsis symptoms, while Gram-negative bacterial infections 
are more likely to result in septic shock, multi-organ dysfunction, and other acute life-threatening 
complications. Early recognition and diagnosis of EOS are essential to initiate appropriate treatment. 
Delays in diagnosis or intervention can lead to rapid disease progression, often culminating in organ 
failure, septic shock, or death in severe cases. 

2.2. Diagnostic Criteria for Early-Onset Sepsis 

The diagnosis of neonatal early-onset sepsis relies on a comprehensive evaluation that includes 
clinical signs and symptoms, laboratory findings, and microbiological culture results. For neonates 
identified as being at high risk, it is generally recommended to perform blood cultures within the first 
24 to 48 hours after birth to identify the causative pathogen promptly. For infants who exhibit clinical 
signs of sepsis, further microbiological investigations, such as urine cultures, cerebrospinal fluid 
analysis, and testing of other relevant body fluids, should be conducted to confirm the infectious source. 

Laboratory investigations play a crucial role in supporting the diagnosis of EOS. Tests such as 
complete blood count (CBC), C-reactive protein (CRP), and procalcitonin (PCT) levels are commonly 
used as adjunctive diagnostic tools. Elevated levels of CRP and PCT are typically associated with 
bacterial infections, particularly those caused by Gram-negative organisms. These laboratory markers, 
when combined with clinical observations and microbiological data, facilitate a more accurate and 
timely diagnosis of EOS. This diagnostic approach is critical for selecting the most appropriate 
antibiotic therapy, reducing the risk of complications, and improving patient outcomes. Timely and 
precise diagnosis not only aids in effective treatment but also minimizes unnecessary exposure to 
broad-spectrum antibiotics, thereby reducing the risk of developing antibiotic resistance. 

2.3. Risk Factors for Neonatal Early-Onset Sepsis 

A variety of risk factors contribute to the development of neonatal early-onset sepsis, with 
prematurity and low birth weight ranking among the most significant. Preterm neonates are particularly 
vulnerable due to their underdeveloped immune systems and immature physical barriers, such as the 
skin and mucous membranes. Additional risk factors include maternal infections during pregnancy or 
delivery, such as infections of the birth canal, urinary tract infections, or chorioamnionitis. Improper 
medical procedures during delivery or inadequate infection control measures can further increase the 
risk of sepsis. 

Maternal conditions, such as diabetes, gestational hypertension, or prolonged labor, are also 
associated with an elevated risk of neonatal infection. Maternal-fetal transmission remains one of the 
most critical pathways for EOS, with pathogens from the maternal birth canal being directly 
transmitted to the neonate during delivery. Chronic maternal conditions, including diabetes, syphilis, or 
other infections, can further exacerbate this risk[2]. Additionally, the use of certain medications during 
pregnancy, such as immunosuppressants or prolonged antibiotic treatments, can alter the maternal 
microbiome or suppress neonatal immune development, increasing susceptibility to infections. 
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Delivery-related factors play a significant role in the risk of EOS. A lack of cleanliness in the birth 
canal, complications such as premature rupture of membranes, or the need for invasive delivery 
methods like cesarean sections are strongly associated with an increased incidence of sepsis. 
Furthermore, obstetric complications, such as placental abruption or multiple pregnancies, can disrupt 
the protective environment of the fetus, further elevating the risk of early-onset sepsis. These factors 
highlight the importance of vigilant monitoring during pregnancy and delivery, as well as the need for 
timely intervention to reduce the burden of EOS in neonates. 

3. Analysis of Common Pathogens in Early-Onset Sepsis 

3.1. Gram-Positive Bacteria 

Gram-positive bacteria are among the most frequently identified pathogens responsible for neonatal 
early-onset sepsis, with common examples including Staphylococcus aureus, Staphylococcus 
epidermidis, and various species of streptococci[3]. Staphylococcus aureus is a well-known pathogen 
that can cause a wide spectrum of infections, ranging from mild skin and soft tissue conditions to more 
severe complications such as sepsis, pneumonia, and meningitis. This bacterium is often transmitted to 
neonates during delivery, particularly affecting preterm and low-birth-weight infants who are more 
susceptible to infection due to their underdeveloped immune systems. 

Staphylococcus epidermidis, another significant pathogen in neonatal sepsis, is especially prevalent 
in neonatal intensive care units (NICUs). It is frequently associated with medical interventions, 
including intravenous infusions, catheterization, and intubation procedures. The use of unclean or 
improperly sterilized medical instruments greatly increases the risk of its spread, particularly in 
vulnerable neonates who undergo prolonged hospital stays. Streptococci, especially Group B 
Streptococcus (GBS), remain a leading cause of neonatal sepsis. This bacterium is primarily 
transmitted to neonates from the maternal birth canal during delivery, leading to severe infections in 
some cases. Despite widespread implementation of screening and preventive measures, GBS remains a 
major contributor to neonatal mortality caused by sepsis. 

3.2. Gram-Negative Bacteria 

Gram-negative bacteria are another prominent group of pathogens implicated in neonatal early-
onset sepsis. Common examples include Escherichia coli, Klebsiella pneumoniae, Enterococcus 
species, and Pseudomonas aeruginosa. Among these, Escherichia coli is the most commonly isolated 
Gram-negative pathogen in EOS cases, with transmission typically occurring through the maternal 
birth canal or infections acquired during the labor process. Escherichia coli infections are particularly 
concerning due to their high pathogenicity and frequent association with antibiotic resistance, which 
significantly complicates treatment and management. 

Klebsiella pneumoniae is another increasingly common Gram-negative pathogen, particularly in 
preterm neonates. This bacterium is often linked to severe infections, including neonatal meningitis, 
pneumonia, and sepsis. Its strong resistance to antibiotics makes treatment particularly challenging, 
especially in settings where multidrug-resistant strains are prevalent. The prevalence of multidrug-
resistant Enterococcus species and Klebsiella pneumoniae in neonatal sepsis cases has also been rising. 
These pathogens are not only resistant to commonly used antibiotics but are also associated with severe 
complications, higher treatment failures, and increased mortality rates. Sepsis caused by Gram-negative 
bacteria often progresses rapidly, frequently leading to multi-organ failure, making early recognition 
and aggressive treatment critical for improving outcomes. 

3.3. Fungi and Other Pathogenic Microorganisms 

Although fungal infections are relatively rare in neonatal early-onset sepsis, they have become a 
growing concern in recent years. This increase is primarily attributed to the greater use of 
immunosuppressive treatments in neonates, along with changes in hospital environments that may 
foster fungal growth. Among fungal pathogens, Candida albicans is the most common culprit. It is an 
opportunistic microorganism that can cause serious infections, especially in immunocompromised 
neonates. Transmission typically occurs through direct contact or medical procedures, such as catheter 
use or invasive monitoring. In severe cases, fungal infections can escalate to sepsis and even progress 
to multi-organ failure, making early detection and treatment essential. 
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In addition to fungal infections, viral pathogens also play a role in neonatal EOS, though less 
frequently than bacterial pathogens. Notable examples of viral contributors include enteric viruses, 
such as Coxsackievirus and rotavirus, as well as herpes simplex virus (HSV). These viruses often 
present with symptoms involving the gastrointestinal tract or skin, but in neonates with immature 
immune systems, they can lead to more severe forms of sepsis[4]. Diagnosing viral infections in this 
context is particularly challenging due to their nonspecific clinical presentation, which often overlaps 
with other conditions, and the lack of specific antiviral therapies for many pathogens. These factors 
underscore the need for comprehensive diagnostic approaches and vigilant monitoring to manage such 
infections effectively. 

4. Characteristics of Pathogen Antibiotic Resistance 

4.1. Mechanisms of Antibiotic Resistance 

Antibiotic resistance refers to the ability of bacteria to survive, grow, and reproduce despite being 
exposed to antibiotics that would normally inhibit or kill them. This resistance arises due to genetic 
mutations within the bacteria or the acquisition of resistance genes from other bacteria, often through 
horizontal gene transfer. The mechanisms by which bacteria develop resistance to antibiotics can be 
classified into three main categories: altering the drug target, increasing drug efflux, and enzymatic 
degradation or modification of the drug. 

One primary mechanism of antibiotic resistance is the alteration of the drug's target. For example, 
Staphylococcus aureus can change the structure of key enzymes involved in cell wall synthesis, which 
reduces the ability of antibiotics to bind effectively. As a result, the antibiotics lose their effectiveness. 
Another mechanism involves the bacteria producing efflux pumps. These pumps actively expel 
antibiotics from the bacterial cell, reducing the drug concentration inside the cell and preventing the 
antibiotic from exerting its intended action. Gram-negative bacteria such as Escherichia coli are often 
particularly adept at developing this type of resistance. Additionally, some bacteria produce enzymes 
that can degrade or chemically modify antibiotics, making them ineffective. Common examples include 
the production of beta-lactamases by Escherichia coli and Klebsiella species, which break down beta-
lactam antibiotics, rendering them ineffective. These mechanisms allow the bacteria to survive in the 
presence of antibiotics, enabling them to persist and proliferate, which can result in more severe 
infections. 

The development of antibiotic resistance is not only influenced by the genetic makeup of the 
bacteria but also by environmental factors, especially the improper use, overuse, or misuse of 
antibiotics in clinical settings. This issue is particularly pronounced in vulnerable populations such as 
neonates and immunocompromised patients, where the impact of antibiotic resistance can be more 
severe and difficult to manage. 

4.2. Analysis of Common Resistant Strains 

Currently, several resistant bacterial strains are commonly encountered in clinical settings, which 
complicate the treatment of infections. Methicillin-resistant Staphylococcus aureus (MRSA) is one of 
the most concerning resistant strains, as it is resistant to most beta-lactam antibiotics, such as penicillin 
and cloxacillin. This resistance occurs through alterations in the penicillin-binding protein (PBP2a), 
which prevents the antibiotic from effectively binding to its target and thus allows the bacteria to 
survive. MRSA infections in neonates are particularly dangerous and often result in serious 
complications, including pneumonia, sepsis, and in some cases, death. 

Another significant resistant pathogen is vancomycin-resistant Enterococcus (VRE), which is 
typically acquired through genetic transfer in the intestinal tract. VRE is resistant to vancomycin, a 
critical drug used to treat multidrug-resistant infections[5]. This strain is often found in intensive care 
units and neonatal departments, where it poses a serious challenge to infection control. 

Resistant Escherichia coli is another major concern, particularly strains that produce extended-
spectrum beta-lactamases (ESBLs). These enzymes can hydrolyze and destroy a wide range of beta-
lactam antibiotics, including cephalosporins and penicillin, complicating treatment, particularly in 
neonatal sepsis. In some cases, these strains also show resistance to other classes of antibiotics, further 
complicating treatment options. Additionally, carbapenem-resistant Gram-negative bacteria, such as 
Klebsiella pneumoniae and Pseudomonas aeruginosa, are increasingly responsible for neonatal sepsis. 
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These bacteria exhibit multidrug resistance and are often resistant to nearly all conventional antibiotics, 
making them extremely difficult to treat and posing a significant challenge to clinical management. 

4.3. Impact of Resistance on Clinical Treatment 

The increasing prevalence of antibiotic-resistant pathogens has had a profound impact on the 
clinical management of neonatal early-onset sepsis. Resistant pathogens make standard antibiotic 
therapies ineffective, which leads to longer treatment durations and poorer clinical outcomes. In 
neonates, whose immune systems are still developing, infections caused by resistant bacteria can 
progress quickly, leading to severe complications such as multi-organ failure, septic shock, and even 
death. 

The presence of resistant bacteria complicates the selection of appropriate treatment regimens, as 
healthcare providers may be forced to resort to more expensive and potentially more toxic alternative 
antibiotics. Sometimes, combination therapies involving multiple drugs are used in an attempt to 
overcome resistance, but this approach often increases the risk of side effects, especially in vulnerable 
populations like neonates. Not only does this increase the financial burden of care, but it also raises 
concerns about the potential long-term impact of using more potent or toxic medications in these 
fragile patients. 

Resistance also contributes to an increased risk of hospital-acquired infections, particularly in high-
risk settings such as neonatal units and intensive care units. The spread of resistant pathogens within 
healthcare facilities can lead to widespread outbreaks, further complicating patient management. In 
such environments, cross-transmission of resistant bacteria can occur easily, necessitating enhanced 
infection control measures to prevent the spread of these harmful pathogens. Consequently, hospitals 
must implement strict infection control practices to contain resistant strains, particularly in neonatal 
care areas where patients are most susceptible. 

5. Management and Prevention Measures for Antibiotic Resistance 

5.1. Rational Antibiotic Use Strategy 

The rational use of antibiotics is one of the most effective strategies to prevent the development and 
spread of antibiotic resistance in clinical settings. It is especially critical in the management of neonatal 
early-onset sepsis, where improper or excessive antibiotic use can contribute to the rise of resistant 
pathogens, complicating treatment and increasing mortality rates. In the treatment of neonatal EOS, 
antibiotic therapy should be carefully tailored based on the results of pathogen cultures and 
antimicrobial susceptibility testing to ensure precision in targeting the specific causative 
microorganisms. Blind or empirical use of broad-spectrum antibiotics without adequate diagnostic 
support should be avoided whenever possible. This approach minimizes unnecessary exposure to 
antibiotics, reducing the selection pressure that drives the emergence of resistant strains. 

To curb the misuse and overuse of antibiotics, healthcare facilities should implement robust 
"antibiotic management programs" guided by strict clinical usage protocols. These programs should 
enforce limitations on the scope, dosage, and duration of broad-spectrum antibiotic use, ensuring that 
therapy is neither prolonged unnecessarily nor applied excessively. The use of antibiotics must be 
regularly evaluated, and adjustments should be made based on clinical and laboratory findings to avoid 
prolonged exposure that could foster resistance. 

Healthcare professionals, particularly those working in neonatal and pediatric departments, must 
receive thorough and ongoing training on the principles and practices of rational antibiotic use. By 
enhancing the knowledge and awareness of medical staff regarding the risks associated with over-
reliance on antibiotics, the emergence of resistant bacterial strains can be effectively mitigated. For 
high-risk neonates, timely microbiological testing, including blood cultures and other diagnostic 
assessments, should be prioritized to identify the causative pathogens early and enable the 
administration of targeted treatment regimens. This targeted approach not only ensures better 
therapeutic outcomes but also minimizes unnecessary exposure to antibiotics, thereby helping to 
prevent the development of resistance. 
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5.2. Infection Control Measures 

Hospital-acquired infections (HAIs) remain one of the most significant pathways through which 
resistant pathogens spread in healthcare settings, posing a serious threat in neonatal units and intensive 
care units (NICUs). These settings are particularly vulnerable due to the delicate and immunologically 
immature state of neonates. Thus, strict infection control measures are indispensable for preventing the 
transmission of resistant pathogens among neonates and healthcare staff. Infection control in neonatal 
departments begins with ensuring a sterile and hygienic hospital environment. Regular and thorough 
disinfection of wards, medical instruments, and other equipment is essential. Comprehensive cleaning 
protocols should be followed to minimize the risk of environmental contamination, and these measures 
should be evaluated regularly to ensure their effectiveness. 

Medical staff must adhere strictly to aseptic techniques during all medical procedures involving 
neonates, including intravenous infusions, intubations, and surgical interventions. Disposable medical 
equipment should be used whenever possible to reduce the risk of contamination, and proper disposal 
of such items should be ensured to avoid environmental exposure. Moreover, robust hand hygiene 
protocols must be established and strictly followed. Healthcare workers should be trained and 
monitored to ensure that they wash and disinfect their hands properly and at the appropriate times, such 
as before and after patient contact or handling medical equipment. Failure to adhere to these practices 
can lead to cross-contamination and the spread of resistant bacteria. 

When a resistant pathogen is identified in a hospital setting, immediate isolation measures should be 
implemented for the affected neonate to prevent the spread of infection to other patients. This includes 
isolating the patient in a designated area and implementing strict contact precautions. Additionally, the 
movement of staff and equipment between isolation and general care areas should be minimized and 
strictly monitored. By promptly isolating resistant pathogens, the risk of intra-hospital outbreaks can be 
significantly reduced. 

5.3. Resistance Monitoring and Prevention Programs 

To combat the rise and spread of antibiotic-resistant pathogens effectively, healthcare institutions 
should establish comprehensive resistance monitoring and prevention systems. These systems should 
focus on the regular collection, analysis, and reporting of data related to antibiotic resistance patterns 
and trends among clinical cases. By systematically analyzing the resistance profiles of pathogens 
isolated in neonatal sepsis cases, hospitals can identify the prevalence of specific resistant strains and 
adapt their antibiotic use strategies accordingly. This data-driven approach ensures that antibiotic 
prescribing practices remain aligned with the evolving resistance landscape. 

Resistance monitoring should also involve close tracking of genetic mutations and the mechanisms 
through which pathogens develop resistance. Hospitals can collaborate with regional and national 
healthcare authorities to share data and contribute to broader surveillance networks. These 
collaborations facilitate the identification of emerging resistance trends and enable coordinated 
responses to outbreaks of resistant infections. 

Preventing the transmission of resistant pathogens begins with robust infection prevention measures. 
Neonatal departments should implement maternal-infant infection prevention strategies, such as early 
screening of maternal infections, strict aseptic techniques during delivery, and timely administration of 
prophylactic antibiotics where necessary. Vaccination programs targeting maternal infections can 
further reduce the risk of vertical transmission to neonates. Strengthening these preventative measures 
not only reduces the risk of infection but also decreases the likelihood of exposure to resistant bacteria. 

In addition, neonatal units must intensify their focus on managing high-risk factors associated with 
neonatal early-onset sepsis. This includes early identification of neonates at increased risk of infection, 
such as those born prematurely or with low birth weights. Proactive monitoring and intervention in 
these cases can help mitigate the risks associated with exposure to resistant pathogens. Through a 
combination of early prevention, effective monitoring, and targeted antibiotic use, hospitals can reduce 
the impact of resistance in neonatal sepsis and improve clinical outcomes for affected infants. 

6. Conclusion 

Neonatal early-onset sepsis is a common and severe infectious disease in neonates, characterized by 
a diverse range of pathogens and an increasingly serious problem of antibiotic resistance, which poses a 
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significant challenge to clinical treatment. This article analyzes the distribution characteristics of 
common pathogens in neonatal early-onset sepsis and their mechanisms of antibiotic resistance, with a 
focus on the generation of resistant strains and their impact on clinical treatment. The study shows that 
rational antibiotic use, enhanced infection control measures, and the establishment of resistance 
monitoring systems are crucial for controlling the antibiotic resistance problem in neonatal early-onset 
sepsis. Further optimization of antibiotic use policies, as well as strengthening prevention and treatment 
strategies for neonatal sepsis, are necessary to reduce neonatal mortality and improve clinical treatment 
outcomes. 
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