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ABSTRACT
Diarrhea is a leading cause of illness and mortality among children under five, particularly in low- and middle-
income countries (LMICs), with dehydration as the primary threat. Oral Rehydration Therapy (ORT), developed
in the 1960s, remains a critical intervention, effectively replenishing fluids and electrolytes lost during diarrheal
episodes. This review explores the mechanism, clinical efficacy, global implementation, and challenges associated
with ORT in managing childhood diarrhea. Despite its proven impact in reducing mortality, global use of ORT
remains inconsistent due to cultural, logistical, and educational barriers. Future directions include next-generation
oral rehydration solutions, zinc supplementation, and mobile health interventions to increase ORT accessibility
and improve outcomes. Global efforts to promote ORT adoption and address barriers to its use are crucial for
reducing child mortality and morbidity from diarrheal diseases.
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INTRODUCTION

Diarrhea is one of the leading causes of illness and death among children under the age of five, especially in low-
and middle-income countries (LMICs), where access to clean water, sanitation, and healthcare services may be
limited [17. According to the World Health Organization (WHO), diarrhea is responsible for about 525,000 child
deaths globally each year. The majority of these deaths result from dehydration, which occurs when the body loses
excessive amounts of water and essential electrolytes such as sodium, potassium, and chloride. In young children,
dehydration can escalate quickly, making timely intervention crucial for preventing severe health complications or
death [27. Oral Rehydration Therapy (ORT) has been hailed as one of the most important medical advances of the
20th century. Developed in the 1960s, ORT involves the use of a simple solution of water, salts, and glucose to
replenish the fluids and electrolytes lost during episodes of diarrhea. The introduction of ORT has dramatically
reduced mortality rates from diarrheal diseases, saving millions of lives since its inception [37].
ORT is cost-effective, easy to administer, and can be given at home, making it accessible even in resource-limited
settings. Despite its proven efficacy, however, the global use of ORT remains inconsistent [47]. Many regions still
struggle with low coverage rates, often due to factors such as lack of awareness, cultural beliefs, and insufficient
access to oral rehydration solutions (ORS).
This review examines the critical role of ORT in managing diarrhea in children. It covers the mechanism of action
of ORT, its clinical efficacy, current global implementation, and challenges that hinder its widespread adoption
[57]. Additionally, this review explores potential innovations and future directions to improve ORT accessibility
and outcomes, emphasizing the need for continued global efforts to ensure that ORT reaches all children in need.

Overview of Diarrhea in Children
Diarrhea is a common and potentially life-threatening condition in children, particularly in low- and middle-
income countries where sanitation, access to clean water, and healthcare services are often inadequate. It is defined
as the passage of three or more loose or liquid stools per day and may result from various infectious and non-
infectious causes [67]. In children, diarrhea is most commonly triggered by infections from viruses, bacteria, or
parasites. Among these pathogens, rotavirus and Escherichia coli are the most frequent culprits, but Shigella,
Salmonella, Giardia, and other microorganisms can also lead to diarrheal diseases.
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Common Causes of Diarrhea in Children
Viral infections: Rotavirus is the leading cause of severe diarrhea in children worldwide, accounting for a
significant proportion of hospitalizations and deaths. Other viral agents, including norovirus and adenovirus, can
also cause diarrhea, though their impacts are generally less severe than rotavirus.
Bacterial infections: Bacteria such as Escherichia coli, Shigella, and Campylobacter are common in environments
with poor sanitation [77]. These bacteria can lead to both acute and severe diarrhea, often accompanied by fever,
abdominal pain, and dehydration.
Parasitic infections: In areas where waterborne diseases are prevalent, parasites like Giardia lamblia and
Entamoeba histolytica can cause diarrhea. These infections tend to persist over time and often result in long-term
nutrient malabsorption, further weakening the affected child.
Other causes: In addition to infectious agents, diarrhea in children can result from dietary intolerances,
medication side effects (such as antibiotics), or chronic conditions like celiac disease and inflammatory bowel
disease.
Types of Diarrhea in Children
Diarrhea can be classified into three main types based on the duration and severity of symptoms, each posing
varying degrees of health risks, particularly in children.
Acute watery diarrhea: This form of diarrhea lasts from several hours to a few days and is characterized by
frequent loose or watery stools [87. The most common cause of acute watery diarrhea is viral infections like
rotavirus, though bacterial infections and foodborne illnesses may also trigger it. Acute watery diarrhea is the
most dangerous type because it can lead to rapid dehydration due to the sudden and significant loss of fluids and
electrolytes, especially in infants and young children with low fluid reserves.
Persistent diarrhea: When diarrhea lasts 14 days or more, it is classified as persistent diarrhea. This type often
stems from a combination of infection and underlying health issues such as malnutrition or weakened immunity
[97. Persistent diarrhea can lead to severe dehydration, malabsorption of nutrients, and long-term health
complications such as stunted growth, weakened immunity, and cognitive development impairments.
Dysentery: Dysentery is characterized by diarrhea with visible blood and mucus in the stool, often accompanied
by abdominal cramps and fever [107. It is usually caused by bacterial infections, such as Shigella or Entamoeba
histolytica, and requires more aggressive treatment. The presence of blood in the stool indicates severe intestinal
inflammation, which can lead to further complications if not treated promptly.
The Danger of Dehydration
The most serious and immediate threat posed by diarrhea is dehydration, which occurs when the body loses more
fluids than it can replace. Children, particularly infants, are at greater risk of dehydration because their bodies
contain smaller fluid reserves compared to adults. The excessive loss of fluids and electrolytes through frequent
bowel movements results in a dangerous imbalance that can affect vital functions such as circulation, muscle
activity, and nerve signaling.
Signs and Symptoms of Dehydration in Children
Mild to moderate dehydration: Symptoms include dry mouth, increased thirst, reduced urine output, dark-
colored urine, lethargy, and sunken eyes. A child may become irritable or restless, and their skin may appear less
elastic.
Severe dehydration: If not treated, dehydration can progress to a life-threatening condition. Symptoms include
extreme thirst, very little or no urine output, sunken fontanelle (in infants), a rapid heart rate, low blood pressure,
cold or pale extremities, and altered consciousness. In severe cases, dehydration can lead to shock, organ failure, or
death.
The Need for Effective Interventions
Given the rapid progression of dehydration in children, timely and effective interventions are critical. The
cornerstone of diarrhea management is fluid replacement, which addresses the underlying loss of water and
electrolytes [117. Oral Rehydration Therapy (ORT) is the most widely recommended intervention for managing
dehydration caused by diarrhea. ORT helps replenish fluids and electrolytes while being easy to administer, even
in resource-limited settings.
In addition to ORT, managing diarrhea involves nutritional support (to prevent malnutrition), zinc
supplementation (which reduces the duration and severity of diarrhea), and infection control measures such as
vaccination (e.g., rotavirus vaccines) and improved sanitation practices.
In summary, diarrhea in children is a multifactorial health issue with the potential to cause significant morbidity
and mortality, particularly in regions with limited healthcare infrastructure. While the condition can be triggered
by a range of infectious agents, the primary risk to children is dehydration [127. This underscores the importance
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of Oral Rehydration Therapy, which is a proven and highly effective method for preventing the severe
consequences of diarrheal diseases.
Mechanism of Oral Rehydration Therapy

ORT works on the principle of using glucose to enhance the absorption of sodium and water in the intestines. It
typically involves the use of Oral Rehydration Salts (ORS), which is a mixture of sodium chloride, potassium
chloride, sodium citrate or bicarbonate, and glucose dissolved in water [187. The specific mechanism of ORT is
based on the active co-transport of glucose and sodium across the intestinal epithelium, which promotes water
absorption even in the presence of diarrhea.
The standard World Health Organization (WHO) ORS solution contains:

e 75 mEq/L of sodium

e 75 mmol/L of glucose

e 20mEq/L of potassium

e 10 mmol/L of citrate

e 245 mOsm/L osmolarity
This formulation is effective for treating dehydration due to diarrhea from various causes, including viral and
bacterial infections.
Clinical Efficacy of ORT
Oral Rehydration Therapy (ORT) is a revolutionary medical intervention for managing diarrhea, particularly in
children. Its clinical efficacy lies not in stopping diarrhea itself but in preventing and treating the dehydration that
often results from prolonged episodes of diarrhea. Dehydration is the primary cause of mortality associated with
diarrheal diseases, and ORT has proven to be a highly effective tool for reducing both morbidity and mortality.
Research spanning decades has confirmed that ORT can reduce diarrhea-related deaths by as much as 93%, with
the therapy credited with saving millions of lives globally since its introduction. ORT"s clinical impact includes a
reduction in mortality, impact on hospitalizations, and cost savings. Since its introduction in the 1970s, ORT has
become a cornerstone in the global fight against diarrhea-related deaths. The World Health Organization (WHO)
and UNICEF estimate that ORT has saved more than 60 million lives worldwide since it became a standard
treatment for diarrhea in the 1970s. The simplicity of ORT makes it accessible in remote areas where healthcare
infrastructure may be inadequate, allowing for early intervention. ORT's ability to prevent and manage
dehydration effectively also reduces the need for hospitalizations [147]. Children who receive ORT early during
episodes of diarrhea are less likely to develop severe dehydration that would require intravenous therapy or
inpatient care. Early administration of ORT in the early stages of diarrhea can stabilize hydration status, often
preventing the progression to severe dehydration. Research has consistently demonstrated that children treated
with ORT are less likely to need IV therapy, as ORT helps restore electrolyte balance and fluid levels in cases of
mild to moderate dehydration.
Comparing ORT with intravenous therapy, ORT is the preferred method for managing mild to moderate
dehydration. Systematic reviews and clinical trials have consistently found no significant difference in outcomes
between the two treatments for mild to moderate dehydration. ORT is also more accessible, especially in areas
with limited healthcare personnel and infrastructure. Cost-effectiveness is another key advantage of ORT over
intravenous therapy. ORT is far less expensive than intravenous therapy, making it a more cost-effective option
for managing dehydration caused by diarrhea [157]. In cases of mild to moderate dehydration, ORT is
recommended as the first-line treatment by the WHO and other major health organizations. ORT's clinical
efficacy in managing diarrhea and dehydration in children is unparalleled. By significantly reducing mortality,
minimizing hospitalizations, and offering a low-cost alternative to intravenous therapy, ORT remains a critical
tool in the global fight against childhood diarrhea.
Global Implementation of ORT
Despite its proven efficacy, the global use of ORT remains suboptimal. The coverage of ORT in low- and middle-
income countries varies significantly, with some regions reporting less than 40% usage among children with
diarrhea. Factors influencing this include a lack of awareness, cultural beliefs, and limited access to ORS sachets.
Health Education: Health education programs aimed at caregivers and healthcare providers have been shown to
improve ORT uptake. The introduction of community-based health interventions, such as training community
health workers to administer ORT and provide education on diarrhea management, has proven successful in
increasing the use of ORT.
Distribution Challenges: In many low-resource settings, the distribution of ORS sachets and clean water remains
a challenge [167. Innovative approaches such as the use of zinc supplementation alongside ORT and the
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promotion of home-prepared ORS solutions using sugar, salt, and water have been introduced to overcome these
barriers.
Public Health Campaigns: Global initiatives like the WHO and UNICEF's "Diarrhea: Why Children are Still
Dying and What Can Be Done" report highlight the importance of expanding access to ORT. These campaigns
promote integrated management of childhood illness, combining ORT with zinc supplementation and rotavirus
vaccination to tackle the root causes of diarrhea and its complications.

Challenges in ORT Implementation
Cultural Beliefs and Misconceptions: In some cultures, caregivers believe that withholding fluids can help stop
diarrhea, which leads to the progression of dehydration. Dispelling these myths through education is crucial in
promoting ORT as an effective treatment.
Access to Clean Water: The success of ORT depends on access to clean water for preparing ORS solutions. In
many parts of the world, unsafe drinking water is a major contributor to the spread of diarrheal diseases, creating
a cycle of infection and dehydration that limits the effectiveness of ORT.
Supply Chain Issues: Ensuring a steady supply of ORS sachets and making them affordable remains a challenge
in remote areas. Strengthening local manufacturing capabilities and improving the distribution network are
critical to overcoming these issues.

Future Directions and Innovations
Next-Generation ORS: Research is ongoing to develop improved ORS formulations, such as those with lower
osmolarity or additional ingredients like amino acids or short-chain fatty acids, which may enhance the absorption
of water and electrolytes. These new formulations aim to improve the palatability and efficacy of ORT,
particularly in malnourished children.
Zinc Supplementation: Combining ORT with zinc supplementation has been shown to reduce the duration and
severity of diarrhea. Zinc plays a role in immune function and gut barrier integrity, and WHO recommends its use
in conjunction with ORT for all children with diarrhea.
Mobile Health Interventions: Mobile health technologies can play a role in increasing ORT coverage by sending
reminders to caregivers about when and how to administer ORT. Mobile applications that provide step-by-step
guidance on ORT preparation and dosage are being developed to improve access to information, especially in
remote areas.
Community Engagement: Strengthening community-based health programs that promote the use of ORT
through local health workers, schools, and media campaigns is essential to increasing its uptake. Engaging local
leaders and influencers to advocate for the benefits of ORT can also help address cultural barriers.

CONCLUSION
In conclusion, Oral Rehydration Therapy (ORT) has proven to be a simple, cost-effective, and life-saving
intervention in managing diarrhea and preventing dehydration, especially in children. Its widespread use has
dramatically reduced diarrhea-related mortality globally, particularly in low- and middle-income countries.
Despite its efficacy, challenges such as low awareness, cultural misconceptions, and limited access to clean water
and ORS solutions hinder its full potential. Addressing these barriers through public health education, improved
supply chains, and the integration of zinc supplementation can further enhance ORT's impact. Continued efforts to
innovate ORS formulations and leverage mobile health technologies also hold promise for increasing ORT
coverage and improving outcomes. Ultimately, global health strategies must prioritize ensuring that ORT is
accessible to all children in need, to continue reducing the burden of childhood diarrhea and save lives.
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