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Abstract

Salmonella Gastroenteritis among infants, specifically because they are normally susceptible to
invasive diseases, often comes from infections. Non-typhoidal Salmonella is a major public health
challenge around the world, primarily from the intake of contaminated food or water and from poor hygiene
practices. The goal of this study is to conduct a narrative literature review of non-typhoidal Salmonella
gastroenteritis in infants and examine the current main themes in the literature (epidemiology, clinical
presentation, risk factors, complications, and therapeutic management) to provide an appraisal. To
accomplish this, a literature search was held in multiple electronic databases, including PubMed, Scopus,
and Google Scholar, and continued until June 2025. Included in the long list of inclusion criteria was the
study of clinical and/or epidemiological reasons for non-typhoidal Salmonella gastroenteritis, so the search
was extensive. Although the majority of Salmonella infections are self-limiting, younger children have a
greater risk of developing serious complications (bacteremia and sepsis). Clinical symptoms range from
mild and self-limiting diarrhea to systemic invasive disease. The above-listed identified risk factors (i.e.,
formula feeding, lack of cleanliness/poor hygiene, and immature immunity) significantly contribute to the
development and severity of the disease. Therefore, early diagnosis, proper risk stratification, and tailored
management strategies for infants are all necessary to have desirable outcomes. As the emergence of
antibiotic-resistance bacteria increases; therefore, proper use of antibiotics rationally and implementing
public health measures to prevent infection should be reinforced.
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Introduction

Salmonella spp. are bacteria that are motile, gram-negative, and and facultatively anaerobic (able
to grow either in aerobic or anaerobic environments), and they belong to the family Enterobacteriaceae.
There are many clinical manifestations associated with Salmonella spp., including enterocolitis, enteric
fever, bacteremia, osteomyelitis, and abscess formation. Enterocolitis is the most common clinical
manifestation of Salmonella infection; however, as diarrheal diseases are responsible for approximately 2.5
million deaths per year, this represents only one part of a very large, multifactorial global health issue and
cannot be attributed solely to infections caused by Salmonella spp !.

Salmonella's ability to invade the intestinal epithelial cells and persist in the cells of the host
contributes to its pathogenicity and allows for the potential dissemination throughout the system. A
Salmonella infection will, in most instances, resolve without any treatment; however, the severity of the
disease will be impacted by both the virulence factors of the bacteria and host-related factors. Infants,
especially those under three years of age, are a special population at a higher risk for developing severe
infections from the immature state of their immune system, leading to an increased susceptibility to severe
infections and bacteremia 2.

Salmonella spp. are The health-related characteristics of salmonella type 1 and type 2 infections
fall into two distinct categories based on their terminology: “typhoidal” (systemic infections) and “non-
typhoidal” (typically, gastroenteritis resulting from contaminated food). All strains of non-typhoidal
salmonella viruses are classified as foodborne pathogens. If you have a healthy immune system, you will
almost always recover on your own from an infection by one of the types of non-typhoidal salmonella,
however, serious illnesses can occur among vulnerable individuals such as infants and those with weakened
immune systems * (Figure 1).

Figure (1): Salmonella typhi diagram (Zhang et al., 2026)
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Salmonella bongori and Salmonella enterica are the two species in the genus Salmonella according
to the current categorization scheme. There are over 2500 types of Salmonella enterica
(Figure 2) 5. Humans are the primary hosts of typhoid Salmonella serotypes, such as Salmonella typhi or
Salmonella paratyphi, which are generally spread by eating or drinking food or water contaminated with
feces ¢. These serotypes induce clinical infections, which often manifest as very mild diarrhea. Food tainted
with animals or human feces is typically the source of the non-typhoidal ’.

Salmonella
Rl
Classification

Based on the serotype

Typhoidal Non-Typhoidal
Salmonella Salmonella

Causes - Typhoid fever & Calises - Gastroenteritis, and
Paratyphoid fever Food Poisoning

Eg: Salmonella Typhi and Eg: All other'Salmonella
Salmonella Paratyphi A, B, and C. serotypes

Figure 2: Classification of Salmonella infections into typhoidal and non-typhoidal groups based on
serotype, showing their associated clinical manifestations (Ranjan et al., 2026)

Figure 2 illustrates the classification of Salmonella based on serotypes into two main groups:
typhoidal and non-typhoidal Salmonella. Typhoidal strains, including S. typhi and S. paratyphi, are
primarily associated with systemic infections such as typhoid and paratyphoid fever. In contrast, non-
typhoidal Salmonella include a wide range of serotypes that are commonly associated with gastroenteritis
and foodborne infections °.

Additionally, non-typhoidal Salmonella can be contracted directly from people or animals through
the fecal-oral pathway '°. More cases of salmonellosis are observed in infants than in other age groups.
Infants accounted for 9% to 10% of culture-confirmed cases reported between 2013 and 2015 ''. The
relative significance of the causes or factors that lead to invasive Salmonella infections in babies is not well
understood, all newborns are susceptible to severe salmonellosis, although the risk varies depending on
exposures and host variables ', This study aims to comprehensively evaluate the clinical features, risk
factors, and management of Salmonella gastroenteritis in hospitalized infants, with particular emphasis on
disease severity and antimicrobial resistance patterns.
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Types and causative agents of salmonellosis

According to the Centers for Disease Control and Prevention (CDC), six subspecies of S. enterica
are distinguished: enterica (1), salamae (I1), arizona (111a), diarizonae (111b), houte-nae (1V), and indica (V1).
However, there are no subspecies of S. bongori '34. A variety of hosts, including people, animals, birds,
and fish, can contract salmonellosis, Typhoidal and nontyphoidal Salmonella (NTS) are two categories into
which can be classified according to their clinical symptoms . S. Typhi and S. Paratyphi A cause enteric
fever in humans '¢. Furthermore, nontyphoidal Salmonella usually causes gastroenteritis, and the frequency
of invasive sickness is determined by host immunity !”. Invasive NTS is more common in people with
diseases like malaria '®.

Recent outbreaks of Salmonella

Recent outbreaks of Salmonella have been reported worldwide, underscoring its continued public
health significance. In the United States, Salmonella infections are estimated to result in approximately
26,500 hospitalizations and 420 deaths annually . In contrast, a specific outbreak linked to contaminated
cantaloupes in November 2023 involved 302 reported cases, including 129 hospitalizations and six deaths,
as documented by the CDC. These figures represent a single outbreak and should be clearly distinguished
from the overall annual burden °.

Similarly, outbreaks have been documented in other regions. In 2016, 230 cases were reported in
South Australia, while 97 cases were identified in New South Wales in association with contaminated
cantaloupes ?'. In the same year 907 people in the US were affected by an out-of-control spread of a disease
across countless states. Also, there have been localized epidemics of those infected with Typhoid Fever that
have occurred among particularly susceptible populations including more than 40 Iraqi and Syian migrants
living within the confines of the Al-Hol Camp within 2018 and then 40 cases of people contracting the
disease by way of contaminated water from Woraiyur, India 222,

These findings highlight the critical role of contaminated food and water, as well as population
vulnerability, in the transmission of Salmonella infections. They further emphasize the importance of robust
surveillance systems and effective food safety measures in preventing and controlling future outbreaks .

Management of Salmonella infections

Azithromycin is one of the antibiotics used in the treatment of Salmonella infections *. Typhoid
fever has been treated for many years with ampicillin, trimethoprim—sulfamethoxazole, and
chloramphenicol therapies. However, increasing numbers of patients have been found to have resistant
organisms which makes it necessary to develop new therapy options. Fluoroquinolones are widely used in
adults; however, their use in children is more restricted because of the risk of adverse side effects 2°.

Resistance to fluoroquinolones has been linked to mutations in topoisomerase genes, including
gyrA, gyrB, parC, and parE, as well as plasmid-mediated quinolone resistance (PMQR) mechanisms and
efflux pumps ?7. Azithromycin has emerged as an alternative treatment due to its ability to accumulate
intracellularly 28, Several studies have shown that azithromycin concentrations can exceed the minimum
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inhibitory concentration (MIC) of S. Typhi %, and it has demonstrated efficacy in experimental models of
Salmonella infection .

Owing to its long half-life, azithromycin can be administered once daily, which may improve
patient adherence. Nevertheless, the selection of appropriate antibiotic therapy should be guided by clinical
condition, patient age, and local antimicrobial resistance patterns !,

The risk of Salmonella infection

Salmonella infections may resolve spontaneously or progress to more severe conditions. In infants,
improper storage of infant formula is considered a common source of infection ™. In addition, asymptomatic
carriers play an important role in transmission, facilitating the spread of infection compared to other enteric
pathogens 3.

Maternal asymptomatic carriage may contribute to transmission, particularly through improper
food handling or preparation. Infection is commonly acquired through contaminated food, which may be
transferred indirectly to infants via caregivers ' *.

Following ingestion, Salmonella invades the intestinal mucosa and may spread to mesenteric lymph
nodes, leading to localized or systemic infection. Clinically, S. gastroenteritis typically presents with
diarrhea, which is initially watery but may become bloody or mucus-containing in severe cases *.

Host immunity plays a critical role in controlling infection. In immunocompetent individuals,
immune responses limit pathogen spread and disease progression. However, infants and young children are
more susceptible to severe outcomes due to their underdeveloped immune system ¢, Given its invasive
potential, Salmonella infection should be considered in cases of gastroenteritis, particularly in high-risk
groups. Notably, bacteremia may occur in approximately 30-50% of infected infants, even in the absence
of diarrhea 7, (Figure 3).
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Figure 3: Anatomical representation of the infant digestive system (Russell and Rollins, 2026)

Salmonella gastroenteritis

Meningitis represents one of the most severe complications of Salmonella infection, underscoring
the importance of careful clinical evaluation in neonates with suspected infection *. Infants younger than
two months are at the highest risk of developing meningitis and Salmonella bacteremia. According to
recommendations from the Centers for Disease Control and Prevention (CDC), neonates should receive
prompt antibiotic therapy due to their increased susceptibility to invasive Salmonella infections, particularly
in the presence of risk factors such as lack of breastfeeding or immunocompromised status .
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Although acute S. gastroenteritis is typically self-limiting, antibiotic therapy is generally not recommended
for otherwise healthy older infants, children, and adults *'. However, treatment is indicated in infants
younger than three months because of the elevated risk of severe complications, including meningitis and
sepsis. For infants aged three to twelve months, antibiotic therapy may be considered on a case-by-case
basis, as supporting evidence remains limited #2. Parenteral antibiotics are recommended for patients who
appear clinically ill or toxic, whereas oral therapy may be appropriate for clinically stable patients if blood
cultures remain negative after 48 hours 7. In immunocompetent children, the duration of antibiotic therapy
typically ranges from 3 to 14 days, depending on clinical severity and response to treatment +.

Oral antibiotics for Salmonella

According to these recommendations, the patient’s recurrent episodes of high fever necessitated
the initiation of antibiotic therapy *. Fluoroquinolones exhibit strong antibacterial activity against Gram-
negative enteric pathogens and are considered the standard treatment for adults and adolescents with S.
gastroenteritis *°. In pediatric patients, the use of fluoroquinolones is generally restricted rather than
contraindicated, due to concerns regarding potential adverse effects, including cartilage toxicity observed
in animal studies. However, short-term use may be considered in selected cases where the benefits outweigh
the risks “°. Alternative oral antibiotics include trimethoprim-sulfamethoxazole (TMP-SMX), cefixime,
and azithromycin. In children with acute invasive diarrhea, ceftriaxone has been shown to be as effective
as oral ciprofloxacin #7. Therefore, ceftriaxone is often preferred in young infants to minimize the potential
risk of joint toxicity associated with fluoroquinolones. In this case, a 4-month-old infant was treated with
parenteral ceftriaxone for three days “%, followed by oral azithromycin for an additional five days in
accordance with current clinical recommendations #°.

The causes of Salmonella gastroenteritis

Salmonella gastroenteritis in infants is most commonly associated with exposure to
contaminated food, According to CDC (Centers for Disease Control and Prevention) or through bad care
for baby formula. At this level of the population, it is also possible to transfer indirectly through caregivers,
especially in poor hygiene environments where fecal-oral transmission is facilitated. Infants under one year
of age are particularly at risk because of weak immune systems, reduced gastric acid production and
immature intestinal flora, all of which create conditions conducive for the establishment of Enteric
Pathogens. Additionally, feeding such as usage of baby formulas rather than breastfeeding is a significant
risk factor for transferring Salmonella as opposed to breastfed only babies®*>!.

The pertinent clinical signs of fever and bloody diarrhea in this situation strongly indicated that a
bacterial gastroenteritis had occurred, which warranted urgent clinical assessment. Infants are at greater
risk for developing a systemic infection (through blood stream) versus older children/adults based on these
signs 32. While the majority of gastroenteritis cases are self-resolving, Salmonella infection should be high
on a clinician’s differential diagnosis list in infants who Present with an acute episode of diarrhea that is
associated with systemic signs such as fever or evidence of sepsis. The definitive diagnosis and
management of these patients requires a stool culture and microbiological analysis to establish a final
diagnosis *>.
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The clinical spectrum of Salmonella infection in infants ranges from mild, self-limiting diarrhea to
severe invasive disease. This variability underscores the importance of early recognition, targeted
diagnostic workup, and risk-based therapeutic decision-making in this vulnerable population >+,

Methods of diagnosing Salmonella gastroenteritis

This study was designed as a narrative review to summarize and critically analyze the available
literature on S. gastroenteritis in infants, with a particular focus on epidemiology, clinical features, risk
factors, and therapeutic management. A comprehensive literature search was conducted using electronic
databases, including PubMed, Scopus, and Google Scholar. Relevant articles published up to 2025 were
considered. The search strategy included the following keywords: "Salmonella gastroenteritis",
"Salmonella infections"”, "infants", and "pediatric infections", using different combinations to ensure
comprehensive coverage of the topic.

Research conducted on Salmonella infections in infants and children showed that data collected
from studies published in multiple languages were systematically included and descriptively represented as
potential risks due to study population differences. Data and analyses have demonstrated the need to
promote early diagnosis and effective antibiotic therapy in pediatric populations because of the increased
morbidity associated with Salmonella infections. Literature and data demonstrate that many infants and
children with Salmonella infections will be hospitalized and treated for an extensive time due to
complications®. The majority of children with Salmonella infections also develop complications from those
infections. It has also been documented that children under the age of newborns are most frequently
hospitalized and treated for Salmonella infections due to the extended length of time required for illness. It
has been demonstrated that children who receive antibiotic therapy as prescribed will have a lower risk of
developing complications when compared to those who do not receive antibiotics. There is a need to create
a protocol for the appropriate management of children with Salmonella infections and to evaluate treatment
outcomes, including complications from Salmonella infections®".

Conclusions

Salmonella gastroenteritis remains a significant cause of morbidity in infants, particularly those
under one year of age, owing to immune immaturity and increased susceptibility to invasive complications
such as bacteremia and meningitis. Although most non-typhoidal Salmonella infections Infants' clinical
course may be unpredictable despite their typically self-limiting nature; thus, it may be possible for infants
to exhibit rapid progression to severe illness. Therefore, clinicians must make decisions about how best to
care for these infants using a variety of criteria (e.g., patient age, severity of illness) without relying solely
upon the fact that the infant will eventually recover from the infection without treatment and antibiotics
will eventually be effective. As discussed here, there is a need for individualized approaches toward treating
infants since no one method works for all infants. The increased incidence of resistant Salmonella in the
USA and worldwide is becoming a significant public health problem, and prudent use of antibiotics and
continued epidemiological surveillance are essential components to reducing overall cases of Salmonella
infection.
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Despite advances in clinical management, significant gaps persist in the current literature. There is
a lack of well-defined, age-specific treatment guidelines for infants, particularly those between three and
twelve months of age. Furthermore, limited data are available regarding the long-term outcomes of invasive
Salmonella infections Early life has been restricted from being able to base their decisions upon evidence
due to a lack of evidence based decision-making in early life. Future research must focus on developing
optimized and age specific treatment protocols and early diagnostic methods; also, there is a need for broad
assessment of antimicrobial resistance trends in the child population. Additionally, strengthening public
health interventions, such as food safety policies, safe and hygienic practices, and developing public health
surveillance systems with the support of the World Health Organization (WHO)/Centers for Disease
Control (CDC), are crucial to decreasing the incidence of Salmonella infections in infants.
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