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Preface

Twenty-four years ago, oral rehydration therapy was first proven to be effective in

the outpatient management of patients with severe dehydrating diarrhea caused by

cholera. The development of this simple therapy for the treatment of diarrhea, one of

the most common illnesses of humankind, was heralded as one of the great medical

achievements of the 20th century. Oral therapy has now become the mainstay of the

World Health Organization's efforts to decrease diarrhea morbidity and mortality, and

Diarrheal Disease Control Programs have been established in more than 100 coun

tries worldwide.

Although diarrhea kills about four million people in developing countries each year,

it remains a problem in developed countries as well. In the United States, each child

will have had 7-15 episodes of diarrhea by the age of 5 years, 9% of all hospitaliza-

tions of children <5 years old are associated with diarrhea, and 300-500 children die

each year from this potentially preventable condition. This report on "The Manage

ment of Acute Diarrhea in Children" is CDC's first statement regarding the important

use of oral therapy for rehydration and maintenance of children in the United States

with dehydrating diarrhea, as well as for nutritional support. Because diarrhea is so

common and can be severe, CDC believes the proper management of acute diarrhea

in children by parents of small children and by physicians could markedly decrease

national rates of hospitalization and death. Guidelines provided in this MMWR

Recommendations and Reports concerning the proper management of childhood

diarrhea have been compiled by CDC with the review of many experts in the field,

including representatives of the American Academy of Pediatrics.

William L Roper, M.D., M.P.H.

Director

Centers for Disease Control

and Prevention
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The Management of Acute Diarrhea

in Children: Oral Rehydration, Maintenance,

and Nutritional Therapy

Summary

Worldwide, diarrhea remains one of the most common illnesses among

children. In the United States, children <5 years of age experience >20 million

episodes of diarrhea each year, leading to several million doctor visits, 200,000

hospitalizations, and approximately 400 deaths. Much of this morbidity is due to

the dehydration associated with acute watery diarrhea. Consequently, the

proper management of children with acute diarrhea is important for all practi

tioners as well as for parents of small children.

The development of oral therapy for the rehydration and maintenance of

children with dehydrating diarrhea has become the worldwide mainstay of

national diarrheal control programs. More recently, proper nutrition for children

with diarrhea is viewed as an important adjunct to therapy, whereas antibiotics

and other drugs play only a limited role. Intravenous therapy remains essential

for diarrheal episodes associated with severe dehydration. This document

reviews the proper management of diarrhea among children. Particular atten

tion is given to the use of oral therapy for rehydration and maintenance therapy

for the dehydrated child and nutritional management. In the United States, the

improved management of children with diarrhea could lead to a noticeable

decrease in the number of children who are hospitalized or die as a result of

diarrheal illness. This report contains recommendations prepared by the Cen

ters for Disease Control and Prevention (CDC), with input from a panel of

pediatric and diarrheal management experts, which are consistent with recom

mendations endorsed by the American Academy of Pediatrics.

INTRODUCTION

In the United States, diarrhea remains one of the most common illnesses of

children, and it is associated with 9% of all hospitalizations of children <5 years of

age. Most hospitalizations and deaths due to diarrhea occur in the first year of life.

One hundred years ago, diarrheal diseases were among the principal causes of

death of children in the United States, with seasonal epidemics occurring during

summer. Today, this pattern of illness is replicated on a wider scale in many

developing countries, where 1.5 billion episodes of diarrhea and 4 million associated

deaths occur among children each year (1, 1a). These statistics translate to an
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average of 3.3 episodes of diarrhea per year for a child <5 years of age and >10,000

childhood deaths worldwide per day. The current epidemic of cholera in South and

Central America serves as a conspicuous reminder of the morbidity and mortality

associated with diarrheal diseases.

In the United States, despite the many improvements in water treatment, sanita

tion, education, and medical care, diarrhea remains one of the most common

pediatric illnesses. Each year, children <5 years of age experience 20-35 million

episodes of diarrhea, which result in 2-3.5 million doctor visits, >200,000 hospital-

izations, and 325-425 deaths (2-5). Approximately 65% of the hospitalizations and

85% of the diarrheal deaths occur in the first year of life.

During the past two decades, research has provided important new insights about

the etiologic characteristics of acute diarrhea. In the early 1970s, an infectious agent

could be identified in 15%-20% of episodes of diarrhea. Today, when extensive

diagnostic techniques are used, a causative agent is found in 60%-80% of cases.

Many infectious agents of diarrhea are common in North America (Table 1). Rotavirus

is the most common cause of acute diarrhea among children, accounting for

one-fourth of all cases (6), but many other viruses can cause childhood diarrhea as

well, including Norwalk-like viruses, enteric adenoviruses, astroviruses, and calicivi-

ruses. Important bacterial pathogens include Salmonella, Shigella, Yersinia,

Campylobacter, and certain strains of Escherichia coll. Common parasitic causes of

diarrhea include Giardia, Cryptosporidium , and Entamoeba histolytica. Despite the

wide range of organisms associated with gastrointestinal infections, the mainstay of

the treatment of a person with acute watery diarrhea is appropriate fluid and

electrolyte therapy and nutritional management, as outlined below.

This report summarizes the historical and physiologic principles behind the

development of oral therapy for rehydration and maintenance, discusses recent

advances in the field, addresses frequently asked questions concerning the use of oral

therapy, and provides recommendations for clinical assessment and case manage

ment, including appropriate dietary therapy. This document addresses the treatment

of acute diarrhea rather than persistent diarrhea lasting 2 weeks or longer and is

aimed primarily at watery diarrhea rather than bloody diarrhea (dysentery). Oral

rehydration therapy (ORT) encompasses two phases of treatment: a) the rehydration

phase, in which water and electrolytes are given as oral rehydration solution (ORS) to

replace existing losses, and b) the maintenance phase, which includes both replace

ment of ongoing fluid and electrolyte losses and adequate dietary intake (7 ). It is

important to emphasize that although ORT implies rehydration alone, in view of

present advances, knowledge, and practice, our definition has been broadened to

include maintenance fluid therapy and nutrition.

TABLE 1. Infectious agents of gastroenteritis

Aeromonas hydrophila

Bacillus cereus

Campylobacter jejuni

Clostridium difficile

Clostridium perfringens

Escherichia coli

Plesiomonas shigelloides

Salmonella

Shigella

Staphylococcus aureus

Vibrio cholerae 01

Non-01 V. cholerae

V. parahaemolyticus

Yersinia enterocolitica

Rotaviruses Giardia lamblia

Enteric adenoviruses Cryptosporidium

Astroviruses

Caliciviruses

Coronaviruses

Entamoeba histolytica

Dientamoeba fragilis
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HISTORICAL BACKGROUND

Early attempts at treating patients with dehydrating diarrhea were first published

in the 1830s during epidemics of Vibrio cholerae infections {8,9). These initial reports

recorded the physiologic disturbances associated with diarrhea. Further, the reports

described the rationale for intravenous (IV) therapy as an attempt "first to restore the

blood to its natural specific gravity; second to restore its deficient saline matters"

(10). The first use of IV saline therapy by Latta (77) had only limited success because

of the selection of moribund patients, inadequate maintenance therapy, and compli

cations, including chills and sepsis, resulting from inadequate knowledge concerning

sterilization techniques.

The use of IV fluids did not become widespread until 100 years later. In the 1930s,

important landmarks included the development of Hartman's solution. In the 1940s,

the first oral rehydration solutions were developed by Harrison in Baltimore, Mary

land, and Darrow in New Haven, Connecticut (12). This demonstration by Harrison

and Darrow proved the importance of replacing potassium in the solution. Accurate

chemical analysis of diarrheal stools eventually permitted the formulation of physi

ologically appropriate replacement solutions (73). By the 1950s, cholera was suc

cessfully treated with IV fluids (14). In the early 1960s, research teams in both Dhaka,

Bangladesh, and Calcutta, India, further refined effective IV solutions for cholera

patients (75).

Studies documenting the effectiveness of IV rehydration fluids among economi

cally disadvantaged populations provided an impetus to develop less expensive, but

equally effective, oral solutions. These solutions are less invasive and reduce the

need for hospital admissions. Harrison's solution contained (in mmol/L): sodium, 62;

potassium, 20; chloride, 52; lactate, 30; and glucose, 183 (3.3%). A commercial

preparation (Lytren, Mead Johnson) was soon available in the United States, but its

use in the 1950s coincided with an increased incidence of hypernatremia (76).

Several factors contributed to this problem, including a) the product's high carbohy

drate concentration (8%), which causes osmotic diarrhea; b) dispensing the product

in a powdered form with instructions to mix with an appropriate volume of water; c)

incorrect mixing, resulting in a hypertonic solution; and d) certain dietary practices

(e.g., ingestion of boiled skim milk), resulting in ingestion of milk with a high solute

load. Because of this experience, U.S. physicians are often reluctant to use ORS,

despite many worldwide scientific studies demonstrating the physiologic basis,

safety, and efficacy of oral rehydration and maintenance therapy.

PHYSIOLOGIC AND CLINICAL BASIS FOR USING ORS

Initial ORS Composition

ORS can be used to treat diarrhea regardless of the patient's age, causative

pathogen, or initial sodium values. Many physicians continue to prescribe a variety of

"clear liquids" to treat patients with diarrhea instead of an appropriately composed

ORS.

In the 1950s and 1960s, researchers delineated in various animal tissue models and

later in human tissue and in vivo systems the molecular process of cotransport.



MMWR October 16, 1992

During this process, the absorption of one sodium ion was linked with that of one

glucose molecule at the intestinal brush border (17-19). It was later demonstrated

that other organic molecules, such as amino acids, dipeptides, and tripeptides,

contributed to this cotransport phenomenon (20) and that this process remained

intact during acute diarrhea (21). Phillips initially demonstrated that adding glucose

to saline solutions during cholera induced net absorption of sodium and water in

patients who did not absorb intestinal salt solutions in the absence of glucose. Phillips

also demonstrated effective intestinal absorption of potassium and bicarbonate in

cholera patients (73).

Studies in Dhaka and Calcutta confirmed that the addition of glucose to sodium-

containing solutions resulted in net movement of salt and water from the intestinal

lumen to the bloodstream of patients with severe cholera (22-25). These studies

established that the use of a glucose-electrolyte solution provided safe, effective, and

practical maintenance therapy for severely dehydrated patients who typically re

quired IV rehydration to correct shock. The solution was tested for both rehydration

and maintenance therapy among patients with severe and moderate dehydration

(26) and was found effective and safe when appropriately used. Providing additional

drinking water at the bedside of rehydrated patients allowed for excretion of any

excess salt intake. More importantly, oral therapy—first introduced at Dhaka —

allowed fluid losses to be replaced in a timely manner and on a volume-for-volume

basis with rehydration solution (21,24,25). Since the purging rate of patients declines

with time (especially for cholera, when an appropriate antibiotic is administered

concurrently), this therapeutic method proved essential for safe and effective practi

cal oral therapy that included maintenance of electrolyte and water balance without

causing either excessive or inadequate replacement of water or salts.

These methods were later further adapted and developed into simple guidelines

suitable for use in less severely ill patients with cholera, for the treatment of persons

with noncholera diarrheas (21), and for the instruction of nurses, paramedicals, and

parents. Field testing of these solutions was performed initially in rural Bangladesh

(26,27), and then in India during an epidemic of cholera affecting war refugees (28).

Concern was eventually raised whether a solution designed for the treatment of

severe, secretory diarrhea such as cholera would be appropriate for the management

of a less severe gastrointestinal tract infection (29). Indeed, stool losses of water and

electrolytes are more pronounced in cholera than in noncholera diarrhea (30). Early

compositions of ORS, based on data from studies of patients with cholera, contained

100-120 mmol/L of sodium.

In 1975, the World Health Organization (WHO) and the United Nations International

Children's Emergency Fund (UNICEF) agreed to promote a single solution (WHO-

ORS) containing (in mmol/L): sodium, 90; potassium, 20; chloride, 80; base, 30; and

glucose, 111 (2%). This solution, representing a compromise between stool sodium

losses in cholera compared with noncholera diarrhea, was selected because of the

realization that promotion of a single solution among populations with all levels of

education in different countries would be simpler and more practical than multiple

solutions of different compositions. Indeed, clinical studies soon indicated that ORS

was as effective in treating diarrhea caused by enterotoxigenic E. coli as when used

to treat cholera (21).

In the late 1970s, other concerns about ORS surfaced when rotavirus was identified

as an important cause of diarrhea. Since rotavirus causes a diffuse enteropathy that
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is sometimes associated with glucose malabsorption, the appropriateness of ORS

was questioned. However, studies demonstrated the efficacy of ORS for the treatment

of children with rotavirus diarrhea as well (30-32).

The acceptance and use of ORS for treating diarrhea regardless of patient age,

etiologic agent of diarrhea, and initial serum sodium value (21,33,34) have been

important to the development of WHO Global Diarrheal Diseases Control Programs.

As a result of these successful ORT programs, diarrhea case-fatality rates have

declined dramatically (35). Despite these results, many clinicians in industrialized

countries have been reluctant to use ORS. This reluctance has persisted, although

multiple clinical trials have documented the safety and efficacy of this therapy in

developing countries. This resistance has been partially ascribed to the unsubstanti

ated concern that WHO-ORS may induce hypernatremia. Many physicians continue to

recommend a variety of "clear liquids" to treat patients with diarrhea, instead of an

appropriately composed ORS (36). These "clear fluids" can cause osmotic diarrhea

and electrolyte imbalance, and they often contain inadequate sodium bicarbonate

and excess sugar for appropriate replacement of stool losses (Table 2).

Studies of ORS in the United States

Studies of U.S. children have confirmed the usefulness of ORS as well. For

example, a randomized, controlled clinical trial of well-nourished Panamanian and

U.S. children hospitalized with acute diarrhea demonstrated no differences in stool

output or duration of diarrhea among three groups who received WHO-ORS, standard

IV therapy, or ORS with a reduced sodium content (50 mmol/L). All patients with

hypernatremia or hyponatremia had safe resolution of these electrolyte imbalances

with ORS alone (37).

In another study, four different oral solutions with sodium concentrations ranging

from 30 to 90 mmol/L were administered to children with <5% dehydration (38).

Ninety-eight percent (137/140) of these children were successfully treated as outpa

tients, and no differences in duration of diarrhea or amount of fluid ingested were

found among the children. In another study, ORT for infantile diarrhea proved to be

as successful as IV fluid therapy in a U.S. hospital emergency room (39). Other

investigators have confirmed the safety and efficacy of ORS for infants hospitalized in

the United States (40) and for the outpatient management of children with mild

diarrhea.

A key factor in the excellent therapeutic and safety record of ORT has been the

development of simple rules that can be successfully taught by hospital and

community clinic medical staff. These simple rules effectively teach the proper

procedure for mixing and administering the solution, when to change to other dietary

fluids and foods, and how to avoid therapeutic starvation. Several approaches are

effective, but all of them include communicating to the parent or guardian simple

guidelines enabling him or her to mix the solution appropriately. These guidelines

also permit the amount of oral solution administered to be related to the condition of

the child and the frequency of stools. Additionally, all rules encourage the parent or

guardian to begin appropriate dietary liquids and foods early in the maintenance

phase.



MMWR October 16, 1992

AVAILABILITY OF ORS IN THE UNITED STATES

ORS can be distributed premixed with water or as dry ingredients in packets.

Packets are more common in developing countries, where low cost, long shelf life,

and ease of transport make them particularly suitable. The disadvantage of packets is

the potential for mixing with inappropriate volumes of water, resulting in ORS that is

either too diluted or too concentrated. When caretakers are asked to mix ORS from

packets at home, detailed written and oral instructions should be given (41). With

premixed solutions, the concentration can be ensured, but cost can limit access (42).

Recently, the bicarbonate component of the WHO-ORS has been replaced with the

bicarbonate precursor, citrate, because it has a longer shelf life. Citrate-containing

solutions are as efficacious as those containing bicarbonate (43), and both compo

nents aid in the intestinal absorption of sodium and water (44).

In the United States, several different formulations of premixed ORS are available

commercially (Table 3). In the past 5 years, U.S. manufacturers of ORS have altered

their formulations to contain lower, more appropriate concentrations of carbohy

drate. The sodium concentrations of the fluids have also increased compared with
previously available ORS.

The American Academy of Pediatrics (AAP) (45) recommends that oral solutions

used for rehydration should contain 75-90 mEq/L of sodium. However, AAP recom

mends use of fluids containing 40-60 mEq/L of sodium for the prevention of

dehydration or maintenance of hydration status (45). These lower sodium solutions

more closely approximate the stool-sodium losses encountered in patients with viral

diarrhea, which occurs commonly in the United States. Thus, there is a wide range of

sodium content in commercially available products.

When fluids with >60 mEq/L of sodium are used for maintenance, other low-

sodium fluids, such as breast milk, diluted or undiluted infant formula, or water, need

to be administered as well to prevent sodium overload.

The most widely used solutions in the United States, Pedialyte and Ricelyte,

contain 45 and 50 mEq/L of sodium, respectively. These fluids are intended for

maintenance of hydration and prevention of dehydration in clinical practice. Ricelyte

has been used successfully for rehydration and maintenance therapy in one study;

however, the effectiveness of Pedialyte for rehydration has not been studied.

Although solutions with higher sodium concentrations (75-90 mEq/L) are preferable,

Pedialyte, Ricelyte, and other similar low-sodium solutions can be used for rehydra

tion when the alternative is physiologically inappropriate liquids or IV fluids. When

the rate of purging is very high (e.g., >10 ml_/kg/hour), solutions with 75-90 mEq/L are

recommended for rehydration.

TABLE 2. Comparison of electrolyte-glucose concentrations of solutions commonly
administered at home

Clear

liquids

Na K HC03

(mEq/L) (mEq/L) (mEq/L)
Glucose

(g/L)

Osmolarity

(mM/L)

Cola

Ginger ale

Apple juice

Chicken broth

Tea

Gatorade

2

3

3

250

0

20

0.1

1

20

5

0

3

13

4

0

0

0

3

50-150 g glucose & fructose

50-150 g glucose & fructose

100-150 g glucose & fructose

0

0

45 g glucose & other sugars

550

540

700

450

5

330
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TABLE 3. Comparison of electrolyte and carbohydrate concentrations of commercial

oral rehydration solution (ORS) and solutions commonly administered at home

Commercial ORS (manufacturer)

Component of

solution*

Sodium (mEq/L)

Potassium (mEq/L)

Chloride (mEq/L)

Citrate (mEq/L)

Pedialyte§

(Ross)

Rehydralyte§

(Ross)

Ricelytei

(Mead Johnson)

Glucose (g/L) '-

Rice-syrup solids (g/L)

Composition of solutions taken from package inserts.

tWHO-ORS is dispensed in packets. This product is considered the optimal. Manufactured and

distributed in the United States by Jianas Brothers, Kansas City, Missouri.

5Pedialyte, Rehydralyte, and Ricelyte are dispensed in premixed liquid form.

Modified from reference 92.

OTHER FORMS OF ORS

Glucose-based ORS does not reduce the duration of illness or the volume of stool

output. Early feeding, however, can reduce the severity, duration, and nutritional

consequences of diarrhea.

A perceived weakness of the glucose-based ORS is its inability to reduce the

duration of illness or volume of stool output. Caretakers and practitioners frequently

resort to multiple, costly, and often ill-advised therapies to reduce diarrhea. In the

past decade, several attempts have been made to improve the standard WHO-ORS by

adding other substrates or by replacing glucose with other ingredients. It is antici

pated that such formulations will cause an improved clinical response. Many different

substrates have been evaluated: sucrose (46-48), glycine (49-57), alanine (52), and,

more recently, glutamine (53). Initial studies using glycine-based ORS found the

formula superior to glucose-based ORS in efficiency of absorption and in reducing

both stool volume and duration of diarrhea. This finding was replicated chiefly for

diarrhea associated with cholera. However, in one study (50), the use of a glycine-

based ORS predisposed patients to the development of hypernatremia.

With the use of glucose or amino acid substrates for sodium cotransport, there is

a limit to the concentration of substrate that can be added. When the concentration of

substrate in the solution is too high, then osmolar forces carry water into the gut

lumen and exacerbate diarrhea. In contrast, cereal-based ORS contains large poly

mers that may not create an excessive osmotic load (54-58). Rice-based ORS, for

instance, contains cooked rice powder instead of the glucose found in the WHO and

other commercially available solutions. Complex carbohydrate molecules are slowly

digested by intestinal enzymes and then absorbed as glucose; larger proteins in the

cereals are digested and absorbed as smaller peptides and amino acids.


