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Summary

In the living conditions prevalent in the less devel-
oped world, characterized by a lack of potable water,
sanitation, and refrigeration, the bacteria and other
pathogens that cause diarrheal diseases are easily trans-
mitted to young children by contaminated water, hands,
and food. As a result, infants in less developed coun-
tries suffer on the average six to eight separate episodes
of diarrheal disease per child.

The two major consequences of infant diarrhea are
dehydration and malnutrition. Diarrhea causes a loss
of body water and salts (electrolytes), which, if suffi-
ciently copious and not adequately replaced, may re-
sult in dehydration. Approximately 1 of every 150 to
200 episodes of infant diarrhea results in severe, life-
threatening dehydration. In the last decade, diarrheal
dehydration was one of the major causes of infant
mortality in virtually all less developed countries,

All episodes of infant diarrhea have nutritional con-
sequences, in part because ill infants eat less and in
part because the pathogens that cause diarrhea often
diminish the ability of the small intestine to absorb nu-
trients. Repeated diarrheal infections within a short
period of time can lead to clinically overt malnutrition.

Irrespective of the specific infectious agent causing
diarrhea, the treatment of diarrheal dehydration is the
same and involves the replacement of body water and
electrolytes (salts in solution). In the 1950s and 1960s,
this treatment was accomplished by intravenous re-
hydration—i.e., infusion of sterile water and electro-
lytes into the vein of an infant. Although intravenous
therapy is very effective, it was poorly suited to use
in the less developed world where it was most needed.
The drawbacks of intravenous dehydration include its
expense; the need for sterility of the fluids, tubing, and
needles; the requirement for relatively sophisticated
health workers to administer the infusion; and the
difficulties of distribution and supply of all the
materials.

In recent years, thanks to important contributions
by a number of laboratory scientists, clinicians,
epidemiologists, and health delivery experts, a simple,
efficacious, technologically appropriate alternative to
intravenous dehydration has become available—namely,

oral dehydration therapy (ORT) using sugar/electro-
lyte solutions. An application of ORT other than for
treating dehydration involves its use early in the course
of infant diarrhea to prevent dehydration. The ingre-
dients used in oral dehydration solutions are widely
available, easily transported, and need not be sterile.
Furthermore, sophisticated health workers are not re-
quired to administer ORT.

The efficacy of an oral glucose/electrolyte solution
to promote sodium and water absorption was dem-
onstrated in clinical intestinal balance studies by U.S.
investigators in the Philippines in the early 1960s. By
the end of that decade, clinical studies by U.S. physi-
cians and their Bangladeshi and Indian collaborators
had established that ORT could diminish by 80 per-
cent the intravenous fluid requirements of adults with
severe cholera. Similar studies were carried out in chil-
dren with cholera and adults and older children with
severe diarrhea not due to cholera.

Since 1977, investigators have carried out a num-
ber of clinical studies perfecting the use of ORT in non-
cholera infant diarrhea in many less developed areas
of the world. These studies have examined modifica-
tions in oral dehydration formulas including the sugar,
base, sodium, and potassium content; they have re-
sulted in practical regimens for health workers to fol-
low in orally dehydrating infants; they have demon-
strated the efficacy of oral dehydration, irrespective
of the etiology of the diarrhea; and they have defined
the limitations of ORT.

Several methods have been devised for the prepara-
tion of simple sugar/salt solutions that are safe and
can be prepared in the home. These simple solutions
are just as effective as more complex balanced glucose/
electrolyte solutions in stimulating sodium and water
absorption by the intestine, though infants treated with
such solutions have inadequate potassium replacement
and can become potassium depleted, a state with ad-
verse clinical consequences.

ORT has been perfected in recent years to the point
where it represents one of the most powerful weap-
ons in the armamentarium against disease in the less
developed world. Increasingly, less developed coun-
tries are undertaking national diarrheal disease con-
trol programs in which ORT constitutes the keystone.
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Many U.S. pediatricians were initially somewhat
resistant to ORT. Through a series of recent seminars,
reviews, and publications in American pediatric jour-
nals, however, information on the efficacy and advan-
tages of oral dehydration has been widely dissem-
inated,

The development of ORT illustrates how basic phys-
iological and biochemical research can lead to a highly
effective therapeutic modality and practical public
health tool. Specifically, the observation that during
diarrhea, the intestine maintains its ability to absorb
glucose and that sodium and water absorption accom-
pany glucose absorption provided the physiologic ba-
sis for ORT as a clinical tool.

Introduction

More than one-half of the world’s population lives
in less developed areas that are characterized by a lack
of potable water, inadequate means for disposal of hu-
man fecal waste, and intense crowding in rudimentary
housing. Under such conditions of poverty, under-
development and lack of education, the pathogenic
bacteria, viruses, and protozoa capable of causing di-
arrheal disease in humans are readily transmitted to
young children. Indeed, under such conditions, the
hands that touch infants, the weaning foods that are
fed to infants, and the water that infants drink are
heavily contaminated with fecal material, and there-
fore with diarrhea-causing pathogens. As a conse-
quence, in the first 2 years of life, young children in
the less developed countries bear an enormous bur-
den of diarrheal diseases.

This case study examines the causes of infant diar-
rhea, its consequences, the magnitude of the problem,
and the interrelationship between infant diarrhea and
other major public health problems of the less devel-
oped world. The primary focus of the case study is
on ORT. The discussion that follows reviews basic
scientific contributions that provide a physiologic ba-
sis for this therapy, obstacles that had to be overcome
to give it widespread acceptance, and hurdles that are
now having to be passed in order to realize implemen-
tation of ORT on a global scale.

Definitions of Infant Diarrhea
and Dehydration

The term diarrhea stems from the Greek word mean-
ing “to flow through” and denotes an increased num-
ber of stools per day which are in an unformed or liq-
uid state. Since the daily stool patterns of infants vary
greatly owing to diet, feeding frequency, etc., the most
useful operational definition of infant diarrhea is when

the mother (who best knows her baby’s stool pattern)
states that her child has diarrhea (71). Typically, a state
of diarrhea is characterized by at least three loose
stools within a 24-hour period. Since infancy in Amer-
ican pediatric terms refers to the first 12 months of life,
strictly speaking, infant diarrhea would refer to illness
within that period only. However, since diarrheal dis-
eases remain an important cause of morbidity and
mortality for at least the first 24 months of life in less
developed areas, the term “infant diarrhea” in com-
mon usage has come to refer to the illness in children
up to 2 years of age (71),

Seventy percent of the human body, by weight, con-
sists of water. Approximately 55 percent of the body
water is located inside tissue cells and is associated with
potassium ion (K ‘); the remaining 45 percent is ex-
tracellular and is associated with sodium ion (Na + ).
Irrespective of the specific infectious cause of an epi-
sode of diarrhea, the common denominator from the
pathophysiologic point of view is the loss of body
water and salts (electrolytes) in the diarrheal stool. Di-
arrhea represents mainly loss of extracellular water and
N a+, but K+ is also lost in significant quantities.

In the older child or adult, diarrhea is usually a nui-
sance rather than a mortal danger (although the copi-
ous purging that occurs with cholera can dehydrate
even adults). In children under 2 years of age, how-
ever, diarrhea of any etiology is potentially life-
threatening if stool losses are copious. The reason is
that the losses of body water and electrolytes result-
ing from loose stools can lead to significant dehydra-
tion, which, in the face of continuing unreplenished
losses, can result in acidosis, shock, and death. In vir-
tually all the less developed countries of the world,
diarrheal dehydration is either the first, second, or
third most common cause of infant deaths (22,48,71,
121,159).

Infants are at enhanced risk of development of se-
vere dehydration for several reasons:

●

●

●

Per kilogram of body weight, an infant each day
requires 2% times more water than an older child
or adult (67). This requirement is mainly due to
the greater surface area of the infant per kilogram
of body weight, which results in proportionally
more water loss by transpiration through the in-
fant’s skin.
An infant cannot talk to specifically communicate
thirst and request fluids.
An infant cannot walk to a source of water or
fluids to help himself or herself quench thirst. The
infant is thus totally dependent on its mother or
caretaker. In many cultures across the world,
mothers actually decrease the amount of fluids
(and breast milk) offered to infants with diarrhea
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in the incorrect belief that this will benefit the in-
fant by “resting the gut.”

 • Certain homeostatic mechanisms of the kidney
may be less efficient in the young infant, thereby
diminishing the body’s capacity to adjust success-
fully to physiologic derangements (3,6).

Etiology of Infant Diarrhea

Prior to the early 1970s, the etiology of most epi-
sodes of infant diarrhea was largely unknown, either
in industrialized societies or in less developed areas
(59,62,88,111,124,125,163,164,165). Since the early
1970s, however, there has been a veritable explosion
of knowledge on the causes of infant diarrhea with
many new agents being discovered.

The most important infectious agents that cause in-
fant diarrhea are listed in table A-1. Currently, an etio-
logic agent can be identified in approximately 65 to
75 percent of the cases of infant diarrhea that occur
in less developed countries if comprehensive microbi-
ologic techniques are used (11,12,83,148).

Black and colleagues, working in Bangladesh, noted
that two etiologic agents, rotavirus and enterotoxigenic
Escherichia coli, were found in approximately 60 per-
cent of the cases of diarrhea] dehydration severe
enough to be seen in a dehydration center (11). Black
and colleagues also followed a cohort of infants pro-
spectively in a rural Bangladeshi village (9). This more
intensive surveillance detected mild as well as more
severe cases of diarrhea, including cases that would
not usually be seen in a treatment center because of
their mildness. Enterotoxigenic E. coli was found to
be the most common cause of diarrhea, accounting for
three episodes per child per year. One-fourth of the
episodes of E. coli diarrhea lasted longer than 10 days
(9).

Magnitude of the Problem
of Infant Diarrhea

In the United States, the infant mortality rate is 11
per 1,000 live births (i.e., 11 of every 1,000 babies born

live fail to survive to their first birthday) (161), and
diarrheal dehydration is an uncommon cause of death.
In contrast, in less developed countries, infant mor-
tality rates typically range between 100 to almost 250
deaths per 1,000 live births, and diarrheal diseases are
almost everywhere 1 of the three major causes of in-
fant deaths. In general, when the infant mortality rate
exceeds 100 per 1,000 live births, at least one-third of
all infant deaths are attributable to diarrheal diseases
(32,101).

In the United States and other industrialized coun-
tries, infants experience one to two separate episodes
of diarrhea per year (58,68). These episodes are usu-
ally mild, and because of easy access to health care,
adverse consequences of the diarrheal illness rarely oc-
cur. In the less developed world, however, infants may
experience six to eight separate episodes of diarrhea
per year in the first 2 years of life (7,81,82). Results
of a study of infectious disease incidence among chil-
dren in less developed countries are summarized in fig-
ure A-1, showing the incidence of diarrhea] disease to
be much higher than rates for the other major causes
of morbidity. Since each separate episode of clinical
diarrhea lasts for several days, one calculates that in-
fants in less developed countries spend approximately
15 percent of their entire life experience in the first 2
years, when rates are highest, suffering with diarrhea.

The World Health Organization (WHO) undertook
to quantitate the magnitude of the problem of infant
diarrhea in the less developed world by reviewing the
published literature to determine the incidence rates
of infant diarrhea and applying the calculated rates to
the 1980 estimates for the population of children un-
der 5 years of age (145). In an extremely conservative
estimate, the investigators calculated that there are at
least 750 million to 1 billion episodes of diarrhea and
4.6 million deaths each year due to diarrhea in chil-
dren less than 5 years of age in Africa, Asia (exclud-
ing the People’s Republic of China), and Latin Amer-
ica. They also estimated that approximately 1 in every
167 episodes of diarrhea in young children results in
death.

Table A-1 .—Infectious Agents That Cause Infant Diarrhea

Type of agent Major importance Lesser importance
Bacteria. . . . . . . . . . . . . Enterotoxigenic Escherichia coli Salmonella

Carnpylobacter jejuni Aeromonas hydrophila
Enteropathogenic E. co/i Vibrio cholerae
Shigella

Viruses . . . . . . . . . . . . . Rotavirus 27NM Gastroenteritis viruses
Atypical adenoviruses Astroviruses

Calciviruses
Protozoa . . . . . . . . . . . . Giardia Iamblia Cryptosporidium

Entameba histolytica
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Figure A.1 .—Incidence of the Main Groups of
Infectious Diseases Among Children During the

First 3 Years of Life in Less Developed Countries
(data from a cohort of 45 children observed from

birth to 3 years of age)

- 0-5 6-11 12-17 18-23 24-29 30-35
Age in months

SOURCE: Adapted from L. J. Mata, R. A. Kronmal, and H. Villegas, “Diarrheal Dis-
eases: A Leading World Health Problem, ” in Cholera and Related Di-
arrheas, O. Ouchtertony and J. Holmgren (eds.) (Basel: S. Karger, 1980).

Nutritional Consequences
of Infant Diarrhea

Besides dehydration, the other major consequence
of infant diarrhea is malnutrition. Virtually every in-
fectious agent that causes acute diarrhea results in a
temporary state of intestinal malabsorption that may
last up to several weeks, during which time ingested
nutrients are not properly digested and absorbed
(14,63,74,76,129). Furthermore, each episode of diar-
rhea has other nutritional consequences. The diarrheal
infection itself, particularly if associated with fever,
results in increased catabolism (i.e., increased break-
down of body mass to provide energy sources). Studies
in Guatemala by Mata and colleagues (81,82) showed
that infants and toddlers readily consumed the recom-
mended daily caloric intake during periods when they
were not ill. However, young children ill with diar-
rheal or respiratory infections simply did not consume
the recommended intake of calories during the episode
of illness. When episodes of illness occurred one after
the other, children would fall off the normal growth
curve and malnutrition would become evident. Another
problem faced in many parts of the world is that
mothers in many cultures will decrease offerings of
food to infants with diarrhea.

The Interrelationship of Infant Diarrhea
With Other Major Public Health Problems
of the Less Developed World

Certain health problems are common to all less de-
veloped countries. These include high infant mortal-
ity, diarrheal disease as a major cause of infant mor-
bidity and mortality, high fertility (manifested as high
population growth), and malnutrition (see fig. A-2).
Because of interrelationships among these various
health problems, control of some of them can have
an important ameliorating effect on others. The inter-
relationships and the critical points of intervention are
briefly discussed below.

The fertility rate of a country refers to the average
annual number of live births per 1,000 women of child-
bearing age (15 to 49 years). High fertility leads to
rapid population growth. One school of thought con-
tends that high fertility is in great part the consequence
of high infant mortality, since the latter creates com-
pelling pressures for parents to produce more children
in order to ensure survival to adulthood of some chil-
dren (16,82,84). For example, in a particular culture,
if two sons are believed to be required for the well-
being and perpetuation of an agrarian family, the par-
ents aim to produce a sufficient number of “insurance”
children to ensure the survival of the desired number.

Multiple infant deaths and multiple pregnancies lead
to the maternal deprivation syndrome—the poorly
nourished, anemic, exhausted, women ubiquitously

Figure A.2.—lnterrelationship of Factors
Perpetuating Diarrheal Disease

SOURCE: Office of Technology Assessment, 1985.
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encountered throughout the less developed world. The
last infants of such women have even less chance of
survival because of their mothers’ diminished lacta-
tional capacity.

High fertility can lead to extraordinary population
growth and pressure on land resources and limited
food supplies. Some less developed countries (e.g.,
Kenya) have annual population increases of more than
3 percent. Consequently, the population is young
(about 40 percent are less than 15 years of age) and
doubles in size every 20 to 25 years!

There is an intimate relation between infant diar-
rhea and malnutrition (9,10,29,71,80,81,102, 121,130,
143,152,154). Simply stated, multiple bouts of diar-
rhea lead to malnutrition. Malnutrition, in turn, pre-
disposes to increased incidence, severity, and case fa-
tality of diarrheal disease. Puffer and Serrano’s (121)
classic study of childhood mortality in the Americas
documented the intimate correlation between mal-
nutrition and death due to diarrheal disease.

There is evidence that the malnourished child has
more frequent bouts and increased severity of diar-
rhea. Protein malnutrition leads to decreased stomach
acid (49); stomach acid is perhaps the most important
nonspecific defense mechanism against bacteria that
cause diarrhea. Diminished stomach acid allows inor-
dinately large numbers of pathogenic bacteria to reach
the small intestine.

Points of Intervention

How is it possible to intervene effectively to dimin-
ish or break the vicious cycle portrayed in figure A-2
and described above? In the past, attempts were made
via nutritional intervention and family planning pro-
grams. Nutritional programs by themselves have largely
failed, and family planning is least successful where
infant mortality rates are high.

Some countries have broken this cycle in the course
of just 25 to 30 years as a consequence of rapid capi-
tal development, industrialization and striking im-
provement in the general socioeconomic level. Just
how rapidly these changes can occur is demonstrated
by the New York City’s experience between 1900 and
1930. Figure A-3 shows that the infant mortality rate
in New York City in 1900 was 140 deaths per 1,000
live births, a typical rate for a developing country. The
single most important cause of infant mortaIity was
infant diarrhea (referred to as “cholera infantum”). By
1930, New York’s infant mortality rate had plummeted
to approximately 50 per 1,000 live births. This extraor-

dinary fall in the rate was almost entirely attributable
to the decrease in infant deaths from diarrhea] disease.
It is important to note that this decrease in New York’s
infant mortality from diarrheal disease occurred in the
absence of modern treatments such as dehydration
therapy or antibiotics and without the benefit of spe-
cific vaccines. Rather, the rapid improvement in liv-
ing conditions (provision of potable water and sani-
tation systems) and in the educational level of the
population resulted in a striking decrease in the inci-
dence of diarrheal infections. As the population of
New York City went from living conditions of under-
development to those of modern industrialized socie-
ties, the transmission of the micro-organisms that cause
diarrhea in young children was sharply curtailed.
Thus, both the incidence of diarrhea and mortality due
to diarrhea] diseases sharply decreased. The epidemio-
logic changes described in New York City were also
experienced in European countries (including England,
France, and Germany) at approximately the same time.

Although fundamental changes in quality of living
conditions represent the optimal mode of intervention,
such changes are unlikely to occur in many less de-
veloped countries in the near future because the means
for rapid capital development and industrialization
simply are not available. Other more practical, simpli-
fied interventions must be employed if they are to have
an expectation of success in the short term.

Up to the last decade, there was no simple and ef-
fective intervention to attack the vicious cycle in fig-
ure A-2 at the point involving infant diarrhea. How-
ever, such an intervention now exists: ORT. This is
an inexpensive, highly effective means of replacing the
deficits of body water and electrolytes in dehydrated
infants, ) that is technologically appropriate for use in
less developed countries. ORT constitutes a revolu-
tionary innovation in the treatment of diarrheal dis-
ease that has the potential to greatly diminish infant
mortality throughout the world.

History of the Development of ORT

Intravenous Dehydration

Dehydration is the most important complication of
diarrhea; untreated it can lead to death. An impor-
tant therapeutic advance in pediatrics was the dem-
onstration in the first half of the 20th century that
deaths from diarrheal dehydration could be prevented
if the dehydrated infant’s deficits in body water and
electrolytes were replaced by infusions into a vein of
sterile electrolyte-containing solutions (54).
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Respiratory sy stem
Mostly the pneu monias

 , injury at birth, a t e o t a t a s i s ,

1898 ’99  ’01 ’02 ’03 ’04 I ’06 ’07 ’08 ’09 I ’11 ’12 ’13 ’14 I ’16 ’17 ’18 ’19 I ’21 ’22 ’23 ’24 I ’26 ’27 ’28 ’29

-

’31

1900 1905 1910 1915 1920 1925 1930
SOURCE: W. McDermott, “Modern Medicine and the Demographic-Disease of Overly Traditional Societies: A Technologic Misfit,” J. Med. Educat. 41 (Sept. Suppl.):

137-162, 1966, used by permission from the Journal of Medical Education

This life-saving intravenous therapy gained wide-
spread use in the United States in the 1940s, 1950s, and
1960s for the treatment of diarrheal dehydration in in-
fants (54). Intravenous dehydration used by U.S. Navy
physicians during large outbreaks of cholera in Egypt
in 1947, in Thailand in 1958-60, and in the Philippines
in 1962 dropped the case fatality rate for severe chol-
era from 20 to 50 percent down to 1 percent (108,
158,160).

Intravenous dehydration for the treatment of de-
hydrated infants also became increasingly popular in
less developed countries in the 1950s and 1960s. How-
ever, its impact was limited because availability was
generally restricted to hospitals in cities. Even in those
facilities where it was used, it represented a significant
drain on financial and personnel resources.

The disadvantages of intravenous dehydration in-
clude the following:

● Intravenous dehydration is expensive.
● The intravenous fluids and needles and plastic

tubing required to administer them must be ster-
ile; often these materials must be imported with

●

●

●

●

hard currency.
In general, a specially trained person is required
to start the intravenous infusion, select the appro-
priate fluid, and supervise the volume and rate
of administration.
Use of the same needles and tubing in more than
one patient without proper sterilization (a com-
mon practice in less developed areas) in an effort
to decrease costs encourages the transmission of
infections such as hepatitis from one patient to
another.
The mother is not directly involved in care of the
infant.
There are logistical problems in ensuring the de-
livery of supplies of intravenous fluids, tubing,
needles, etc., to rural and less accessible areas.

Oral Rehydration—An Alternative

During the past 20 years, there has evolved an alter-
native form of therapy, ORT, that has multiple ad-
vantages over intravenous dehydration and is well-
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suited for use in less developed countries. This new
therapy involves rehydration by the oral route using
solutions containing glucose or sucrose (sugars) and
electrolytes (salts in solution). The advantages of ORT
include the following:

●

●

●

●

●

●

ORT is inexpensive.
The basic ingredients are found within most less
developed countries.
Sterile materials are not necessary.
Highly specialized personnel are not directly re-
quired to administer the therapy.
While therapy is in progress, the patient does not
require the same degree of vigilance as a patient
receiving intravenous rehydration.
The mother can be directlv involved in treatment
by administering the oral rehydration solution to
the infant.

Physiologic Basis of Oral Dehydration

The normal intestine has tremendous absorptive ca-
pacity. In the normal state in the healthy adult, 7 to
8 liters of endogenous fluids (including saliva, bile,
stomach fluid, intestinal juice, pancreatic juice) are
secreted into the intestine. In addition, approximately
2 to 3 liters of exogenous fluids are consumed each day.
Yet at most, only 200 ml of water are lost each day
in normal feces. The normal intestine absorbs 98 per-
cent of the fluid that enters it in the normal state. In
contrast, during diarrhea, the intestine exhibits net
secretion.

The physiologic rationale for the efficacy of glucose/
electrolyte oral rehydration solution is the fact that
even during diarrhea, the simple sugar glucose con-
tinues to be absorbed by the upper small intestine (the
jejunum) via an active transport mechanism (56,107,109).
As molecules of glucose are actively absorbed, mole-
cules of water and sodium (Na + ) are also absorbed;
bicarbonate (HCO, – ) and potassium (K+) are ab-
sorbed during diarrhea even without glucose.

The first clinical balance studies documenting the
importance of glucose as an actively transported sub-
strate that promotes water and Na + absorption dur-
ing diarrhea were carried out in 1962 in the San Lazaro
Hospital in Manila, Philippines by Phillips and co-
workers (108) of the U.S. Naval Medical Research
Unit—2 (NAMRU-2), Taipei.

Prior to that time, several clinical investigators had
published reports describing the use of glucose/electro-
lyte mixtures in oral rehydration of patients with di-
arrhea, but none of these investigators was aware of
the critical importance of glucose in the absorption of
Na + and water during diarrhea. Rather these work-
ers had included glucose merely as a source of calories

for the child with diarrhea. Darrow (34) and Harri-
son (44,52) used such solutions to treat infants with
mild dehydration. Chatterjee (21) treated mild chol-
era patients with oral dehydration. The most exten-
sive and impressive experience was reported by
Menenghello and colleagues (86) from Santiago, Chile.
Each summer during the 1950s, epidemics of infant
summer diarrhea in Santiago overwhelmed the avail-
able health services. These Chilean workers set up oral
rehydration units and rehydrated infants with a glu-
cose/saline solution administered into the stomach
through a nasogastric tube. In a comparative study,
these Chilean workers noted that oral rehydration with
their glucose/saline solution was as effective as intra-
venous fluids in rehydrating moderately dehydrated
infants and was much more practical, simple, and eco-
nomical. Menenghello and colleagues’ experience was
reported in the American pediatric literature in 1960
in the annual publication Advances in Pediatrics, but
little notice was given to it.

Prior to 1962, there also had been several publica-
tions in the scientific literature establishing that in ani-
mal intestine glucose is actively absorbed and pro-
motes the absorption of Na +. Fisher and Parsons (45)
are credited with being the first to show that glucose
is actively absorbed by rat intestine and that its absorp-
tion promotes water absorption. Riklis and Quastel
(127) in 1958, and Curran (31) in 1960, demonstrated
that glucose also promoted the transport of Na + and
Cl– ions. Finally, Schedl and Clifton (140) as early
as 1963, reported that glucose exhibited a stimulator
effect on the absorption of Na + and water by nor-
mal human intestine.

It is not clear whether Phillips and associates were
aware of the above reports when they commenced
their studies in Manila in 1962. Van Heynigan and Seal
discusses this question in their book Cholera—The
American Scientific Experience 1947-1980 (155). They
quote one associate of Phillips, Craig Wallace (p. 229),
as believing that Phillips was indeed aware of these
early physiologic studies reporting the effect of glu-
cose on Na+ and water absorption. In contrast, they
point out that another friend and collaborator of Phil-
lips, Sir Graham Bull (p. 229-230), was convinced that
Phillips was unaware of the importance of glucose in
stimulating absorption of Na + and that his inclusion
of glucose in solutions given to certain patients in
Manila in 1962 was “purely to make the solution
isosmolar, ”

Whether Phillips did or did not know of the earlier
studies is probably irrelevant in the historical context.
What is important is that he carried out elegant and
precise clinical balance studies on adult patients with
cholera who ingested various solutions. In the course
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of these studies, he demonstrated for the first time the
salutary effect of glucose on absorption of both Na +

and water in patients with severe diarrhea.
Phillips first published his observations in 1964

(107). In these balance studies, Phillips measured di-
arrheal stool output (in ml/kg/hr) and quantitated the
electrolyte content of the cholera stools. He also care-
fully measured the volume and rate of administration
of the various oral solutions that he tested. By sub-
tracting the hourly oral intake from the hourly stool
output, Phillips was able to gauge the effects of vari-
ous oral solutions on stool output.

In this way, Phillips clearly documented that pure
distilled water, devoid of any electrolytes or other so-
lutes, was readily absorbed by an adult cholera pa-
tient and was able to replace the water losses in mod-
erate cholera. Phillips reported that the patient with
cholera drank two glasses of water (500 ml) each hour
without difficulty. However, choleraic stools of adults
contain considerable Na + (approximately 13s mMol/1)
as well as other electrolytes. Since plain water does
not replace the Na + losses, patients with moderate
cholera rapidly become deficient in Na +. The Na +

deficits must be repaired or the patient’s life would
soon be endangered.

Phillips had cholera patients drink a balanced oral
solution that contained concentrations of electrolytes
closely resembling those found in the stools of an adult
with cholera. Phillips noted that in contrast to plain
water, the electrolyte solution resulted in no absorp-
tion whatsoever of water or Na+ even with the pa-
tient drinking 700 ml each hour. Only K+ was read-
ily absorbed. Phillips next demonstrated that when a
healthy adult without diarrhea drank the same electro-
lyte solution at the same rate, no diarrhea occurred.
This showed that the healthy intestine could easily ab-
sorb the water and electrolytes in the large volumes
of the solution ingested.

In the next step, Phillips gave an electrolyte solu-
tion containing a much higher concentration of Na +

(230 mMol/1) than cholera stool (135 mMol/1) or se-
rum (140 mMol/1). Under these circumstances, as well,
water and Na + losses increased in the stool.

Phillips next decided to “investigate the effect of oral
solutions supplemented with nonelectrolytes such as
D-glucose.“ The solution he used included 95 mMol/1
of Na + and 100 mM/1 of glucose. The patient drank
the solution at the rate of 500 ml/hr. Phillips found
that glucose was absorbed during cholera, and along
with it water, Na +

, Cl –, HCO3 

–, and K+. Phil-
lips exact words in the 1964 report are of interest (107):

Furthermore, it was found that the glucose was ab-
sorbed, indicating that the glucose transport mecha-
nism was not inactivated in cholera.

The use of the term “glucose transport mechanism”
strongly implies that at least at the time of prepara-
tion of his 1964 manuscript, Phillips was aware of
studies showing intestinal absorption of glucose by an
active transport mechanism.

The last clinical experiment described by Phillips in-
volved the evaluation of increasing concentrations of
glucose from so to 400 mMol/1 with the electrolyte
concentrations remaining the same. As the glucose
concentration increased, Na + losses in the stool de-
creased (i.e., Na + absorption increased).

Phillips’ closing statement is prescient and worth
noting in its entirety (107):

Oral therapy in cholera. From the above studies it
is evident that oral solutions can replace the HZO, K+,
and some of the HC03– losses in cholera. This means
that the only intravenous requirement is the replace-
ment of the Na + and Cl — losses. We have further
evidence which suggests that by incorporation of glu-
cose in an oral solution that one may be able to de-
velop an oral treatment regimen which in the average
case might completely eliminate the requirement for
intravenous fluids. I would like to urge caution on this
particular point. Such a regimen can only be validated
by careful balance studies of the type reported here.
The literature on cholera abounds with treatment regi-
mens which had been enthusiastically urged by their
proponents in whose hands there has been great suc-
cess. When the same treatment was tried by others,
it appeared to be useless, I am sure this audience will
readily understand why we believe it is necessary to
carefully document any new therapeutic regimens sug-
gested for the treatment of cholera.

Further Studies of Intestinal Absorption

In the 5 years following Phillips’ 1964 report on the
effect of glucose on intestinal absorption of Na + and
water in patients with cholera, important research
proceeded rapidly in two independent but mutually
related areas. First, physiologists and gastroenterolo-
gists began to study intensively the precise mechanisms
by which glucose enhanced Na + and water absorp-
tion in the intestine of healthy humans and animals
(5,40,46,47,128,141,144). Second, concomitantly, Amer-
icans and Bangladeshis in Dhaka, East Pakistan (now
Dacca, Bangladesh), and American and Indian inves-
tigators in Calcutta, India, carried out clinical intesti-
nal flux studies to expand on and confirm Phillips’ ob-
servations in the Philippines, again establishing the
feasibility of using oral dehydration in the treatment
of cholera (56,109).

Schultz and Zalusky (141) suggested that the en-
hancement of Na+ transport by glucose is due to an
interaction with the sugar transport per se, i.e., there
occurs a glucose-coupled Na + transport. Sladen and
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Dawson (144) came to the same conclusion from stud-
ies of intestinal absorption in humans. Fordtran and
coworkers (47), who also studied glucose and Na +

absorption in humans, concluded in 1968 that while
a small fraction of Na + absorption occurs by active
transport coupled to glucose, most Na + absorption
occurs in the osmotic flow of water molecules created
by the active absorption of glucose. (This means that
as glucose molecules are actively absorbed, osmosis
results in absorption of water molecules as well. And
as the water molecules are absorbed, Na + is dragged
along. ) In a 1975 publication, Fordtran (46) reiterated
that both active and passive sodium transport occurs
in the jejunum and that the relative importance of each
depends on the glucose and Na+ concentrations in the
jejunal lumen. Fordtran again concluded that solvent
drag, rather than active cotransport, is the most im-
portant mechanism by which glucose stimulates net
Na + absorption in the human jejunum.

Other investigators showed that substrates other
than glucose, including certain amino acids, also pro-
mote the absorption of Na + and water as they are
actively transported (50,128,142,147,151). This find-
ing raises the possibility of including more than one
actively absorbed substrate in an oral dehydration so-
lution to stimulate absorption of water and Na +.

Hirschhorn and colleagues (56), working at the Pak-
istan Southeast Asia Treaty Organization Cholera Re-
search Laboratory (CRL) in Dacca, and Pierce and
colleagues (109), working at the Johns Hopkins Inter-
national Center for Medical Research and Training
(ICMRT) at the Infectious Disease Hospital in Cal-
cutta, carried out elegant clinical balance studies to ex-
pand the preliminary work initiated by Phillips (107)
in patients with cholera. These clinical studies provided
a sound physiologic basis in humans for proceeding
with clinical trials of oral glucose/electrolyte therapy
in cholera and other diarrheal diseases.

Hirschhorn and colleagues (56) infused various
sugar/electrolyte solutions into the stomach or small
intestine of eight patients with cholera. The electro-
lyte concentration of the solution was fixed (and in-
cluded 134 mMol/1 of Na + ), but varying concentra-
tions of glucose, galactose, or fructose were added.
Hirschhorn’s group confirmed that glucose caused en-
hanced Na + and water absorption. Fructose, in con-
trast, was shown to have no enhancing effect.

Pierce and colleagues (109) carried out balance stud-
ies in 14 adults with cholera who were divided into
three groups to receive one of three solutions by naso-
gastric tube. All three solutions contained approxi-
mately the same concentrations of K+ and HCO3 

–,
while the Na + and glucose concentrations varied.
These investigators confirmed that the intestine’s abil-

ity to absorb glucose remained intact during cholera
and that glucose stimulated absorption of Na + and
water. They reported that raising the glucose concen-
tration of the solution infused into the stomach from
40 to 160 mMol/1 doubled the absorption of water and
Na +

. However, further raising the glucose concen-
tration from 160 to 220 mMol/1 did not further en-
hance water and Na + absorption.

Progression of Clinical Research Studies
Leading to ORT as It Is Practiced Today

Early Studies in Adults With Cholera

The first publication investigating the therapeutic
efficacy of an oral glucose/electrolyte solution was re-
ported by Nalin and coworkers (95) from the CRL in
Dacca and involved adults with moderately severe
cholera. After receiving intravenous fluids to treat
shock, 29 patients were randomly assigned to one of
three groups. The first group of 10 patients continued
to receive intravenous fluids, the standard therapy for
cholera; the second group of 10 patients received a glu-
cose/electrolyte solution by stomach tube after they
were treated for shock with intravenous fluids; and
the third group of 9 patients drank the glucose/electro-
lyte solution after they were successfully treated for
shock.

Nalin’s group (95) demonstrated for the first time
that the intravenous fluid requirements of patients with
severe cholera could be diminished by 80 percent if
they either drank a glucose/electrolyte solution or had
it infused through a stomach tube. The composition
of the oral glucose/electrolyte solution used in this
study contained 120 mMol/1 of Na + and 110 mMol/1
of glucose. Cholera patients drank 400 to 1,050 ml each
hour without difficulty, and vomiting was not a
problem.

In 1969, Pierce and coworkers (110) in Calcutta re-
ported a similar favorable experience using an oral glu-
cose/electrolyte solution in 20 adult patients with chol-
era. The solution contained 120 mMol/1 of glucose
but had a somewhat lower Na+ concentration (100
mMol/1) than the solution used by the CRL group (95).
Only one patient in the oral therapy group required
some additional intravenous fluids to recover. The re-
sults of the Calcutta group corroborated the report
from CRL,

In 1979, Cash and coworkers (17) reported from the
CRL in Dacca that adults with moderate cholera and
dehydration short of overt shock could be entirely
treated by oral dehydration using a solution that con-
tained 120 mMol/1 Na+ and 110 mMol/1 glucose,
completely obviating the need for intravenous fluids.
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In other studies at this time, Nalin and Cash (93) com-
pared glucose/electrolyte solutions containing 2 per-
cent glucose (110 mMol/1) and 4 percent glucose (220
mMol/1), and found that net water balance was equally
good with the lower concentration. Since Pierce and
colleagues (109) had earlier shown that a solution con-
taining 5 percent glucose offered no advantage over
a 3 percent glucose solution, this combined experience
led to the general acceptance of 2 percent glucose as
the concentration in all future clinical studies with oral
dehydration solutions.

Studies in Children With Cholera

Nalin’s group at the CRL in Dacca next examined
oral dehydration in children with cholera (94,96). In
the early 1970s, the CRL investigators were routinely
using an oral glucose/electrolyte solution containing
120 mMol/1 of Na+ and 110 mMol/1 of glucose. The
results in children were as good as those obtained in
adults with cholera. The intravenous fluid require-
ments of children with severe cholera were reduced by
80 percent, and children with mild or moderate chol-
era could be dehydrated entirely by the oral route. Evi-
dence was rapidly accumulating showing the efficacy
of oral glucose/electrolyte solutions in treatment of pa-
tients of any age with cholera.

Studies in Patients With Noncholera Diarrhea

The next major contribution of clinical investigators
working in the Indian subcontinent was the demon-
stration that oral glucose/electrolyte solution was
effective in treating adults and older children with
diarrheal dehydration of etiology other than cholera
(92,136). Most of these adult patients were later found
to be infected with enterotoxigenic E. coli (137).

Preliminary Use of ORT
in Field Dehydration Centers

Although experience with ORT in Dacca and Cal-
cutta was rapidly increasing and the scope of its use
was being expanded, ORT was at first used only in
clinical research studies under carefully controlled con-
ditions. Beginning in 1970, however, reports of evalu-
ations of ORT under field conditions in rural treat-
ment centers began to appear (18,78). Cash and
coworkers (18) showed that ORT could be used suc-
cessfully under field conditions in rural East Pakistan
during an epidemic of cholera. As in the controlled
environment, the requirement for intravenous fluids
was decreased by 70 percent.

In 1975, a notable report by Bangladeshi research-
ers showed the promise of ORT (78) by describing its

use in a crowded camp for Bangladesh refugees dur-
ing a cholera epidemic. Polyethylene packets of glu-
cose and salts were prepared by hand. When mixed
in 1 liter of water, the solution yielded 90 mMol/1 of
Na + and 121 mMol/1 of glucose. No potassium was
included since K + salts were unavailable. Under ex-
tremely adverse, primitive conditions, 3,703 patients
with clinical cholera were treated with oral glucose/
electrolyte solution and only a small supply of intra-
venous fluids. The case fatality rate was only 3.6 per-
cent in this epidemic, largely because of the availabil-
ity of ORT.

Early Reports of ORT in Infants With
Diarrheal Dehydration

Despite the expanding use of ORT in Dacca and in
Calcutta in the mid-1970s, there were few reports of
its use in infants and young children outside of the In-
dian subcontinent. This represented a problem since
the greatest need for oral dehydration worldwide was
in the treatment and prevention of dehydration in in-
fants and young children with noncholera diarrhea
rather than in the treatment of adults with cholera.

Up through 1977, almost all of the reports describ-
ing oral dehydration of pediatric patients originated
from Asia (almost all from the Indian subcontinent)
and often included children with cholera. Thus, a false
perception was perpetuated elsewhere in the world that
oral therapy was mainly for cholera.

The earliest reports of the use of oral glucose/elec-
trolyte solution outside Asia were those of Hirschhorn
and coworkers (55,57), who treated moderately de-
hydrated Apache infants with oral dehydration in Ar-
izona. In these pioneer efforts, the investigators clearly
demonstrated ORT’S efficacy by means of monitoring
body weights, stool volume, and plasma protein con-
centration. The method of dehydration Hirschorn and
colleagues described was referred to as “ad Iibitum”
treatment, implying that when glucose/electrolyte so-
lution is offered to an infant, the homeostatic mecha-
nisms of the infant would lead the infant to drink until
dehydration was established.

The “ad libitum” treatment regimen was not read-
ily adopted by pediatricians or other health workers
for three reasons:

1.

2.

The “ad libitum” treatment does not make use of
the concept of estimation of fluid deficits and
replacement of the calculated deficit. This is the
fundamental physiologic concept on which all ra-
tional dehydration therapy, oral or parenteral,
should be-based (79). --
The treatment is not easy to teach to unsophisti-
cated health workers.
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3. A small percent of overtly dehydrated infants do
not readily drink oral dehydration solutions and
must be actively coaxed. The fluid needs of such
infants would not be recognized if a pure “ad libi-
tum” method were followed.

Clinical Studies of ORT in
Infant Diarrhea Since 1977

Since 1977, there has been a veritable explosion of
information on the use of ORT in infants in many
areas of the world including Central and South Amer-
ica, Africa, Southeast Asia, and the Caribbean basin.
In careful clinical research studies, the remaining voids
of knowledge were filled and obstacles impeding wide-
spread acceptance of ORT were overcome. Much of
this research was carried out by five groups: from the
University of Maryland School of Medicine; the Na-
tional Children’s Hospital, San Jose, Costa Rica; the
International Center for Diarrheal Diseases Research,
Bangladesh (ICDDR, B); the Baltimore City Hospital;
and the Kothari Pediatric Gastroenterology Center,
Calcutta. Most of these studies in infants and children
used the glucose/electrolyte solution recommended by
WHO (shown in table A-2) or a very similar solution.
These clinical studies established the efficacy of ORT
in infants, identified its limitations, examined efficacy
in relation to etiology, and evaluated modifications in
the sugar and base content, and Na + and K+ con-
centration in oral dehydration solutions. These studies
are summarized below.

Clinical Indications, Regimens,
and Limitations of ORT

Development of Practical Methods
To Rehydrate Dehydrated Infants

Several groups of researchers have described regi-
mens of ORT that were highly successful in dehydrat-
ing dehydrated infants (except those in overt shock)
(24,28,100,114,139). These methods used the concepts
of percent dehydration and fluid deficit estimations.
Three methods (28,100,114) included offerings of plain
water to infants, in addition to sugar/electrolyte so-
lutions, to prevent the development of hypernatremia
(a condition in which the serum Na + concentration
exceeds 1.50 mMol/1).

Two groups (24,139) have demonstrated that dehy-
drated infants can be safely rehydrated with sugar/
electrolyte solution alone without hypernatremia de-
veloping. Other investigators (113,132) have corrobo-
rated these findings.

Table A.2.—WHO Glucose/Electrolytes Solution

Ingredients:
NaCl. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5 gm
NaHCOs. . . . . . . . . . . . . . . . . . . . . . . . . 2.5 gm
KCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 gm
Glucose. . . . . . . . . . . . . . . . . . . . . . . . .20 gm
HzO . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 liters

Electrolytes in resulting solution (mMol/liter):
Na+ cl- H C 0 3 - Glucose
90 20 80 30 111

Acceptability of Oral Solutions
and Intestinal Water Absorption

Many researchers have documented that the vast
majority of overtly dehydrated infants, despite fever,
malaise, and lethargy, avidly drink sugar/electrolyte
solutions (19,20,24,26,28,73,100,113,114,118,132,139),
even though the taste is described as unpleasant by
healthy adults. These overtly dehydrated infants gain
weight from absorption of water and electrolytes (19,
20,24,26,28,73,100,113,114,118,132,139). Approxi-
mately 95 percent of dehydrated infants, even those
10 to 12 percent dehydrated (but not in shock) can be
successfully rehydrated with oral sugar/electrolyte so-
lutions. (Dehydration with loss of more than 10 to 12
percent of body weight is almost always accompanied
by clinical shock. Mild dehydration refers to up to 5
percent loss of body weight; moderate dehydration
means loss of 6 to 9 percent; 10 percent or greater loss
of body weight represents severe dehydration. ) The
demonstration that infants with 8 to 12 percent de-
hydration could be orally rehydrated was important,
because it dispelled the contention of some pediatri-
cians (101) that oral dehydration alone was incapable
of dehydrating infants with moderate and severe de-
hydration short of shock.

ORT’S Efficacy in Relation
to the Etiology of Diarrhea

Studies from Costa Rica (100) and those of investi-
gators in other parts of the world, including Dacca
(13,134,150), have shown that ORT is effective in 95
percent of cases of diarrheal dehydration, irrespective
of etiology. ORT is equally efficacious whether diar-
rhea is due enterotoxigenic bacteria (e. g., enterotoxi-
genic E. coli. Vibrio cholerae), invasive bacteria (e.g.,
Shigella spp., Campylobacter jejuni), enteropathogenic
E. coli, or viruses.

Of particular interest is ORT’S efficacy in rotaviral
infection. Davidson and coworkers (35) showed that
in isolated loops of piglet small intestine heavily in-
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fected with human rotavirus, there was no evidence
for glucose-coupled Na+ absorption. On the basis of
these observations, they inferred that oral glucose/
electrolyte solutions might be ineffective in infants with
rotavirus infection. In fact, however, ORT is as effec-
tive in infants with rotavirus infection as it is in non-
rotavirus infection (13,100,134,150).

The pathophysiologic explanation is that rotavirus
causes patchy involvement of the small bowel with is-
lands of denuded intestinal surface surrounded by nor-
mal or minimally affected areas. While the severely
affected areas undoubtedly are defective in active glu-
cose absorption, the nonaffected surface of the bowel
absorbs sufficient glucose to permit excellent clinical
results. When Nalin and coworkers (100) measured
stool glucose concentration during oral therapy in in-
fants with rotaviral diarrhea and infants with non-
rotaviral diarrhea, the concentration was significantly
higher in the former, demonstrating that indeed glu-
cose absorption was somewhat impaired. Neverthe-
less, sufficient active transport of glucose occurred to
allow 92 percent of rotavirus-infected infants to be suc-
cessfully treated with ORT. In Costa Rica, rotavirus
is by far the major single cause of diarrheal dehydra-
tion in infants (83), and ORT is the mainstay of ther-
apy in the Emergency Room Service of the National
Children’s Hospital. Similar success in the treatment
of dehydration due to rotavirus has been reported in
Bangladeshi infants (13,150).

Oral Dehydration and Vomiting

Infants with diarrhea commonly manifest vomiting.
Pediatricians and nurses unfamiliar with ORT often
conclude that ORT cannot be instituted or that it will
not be effective in those cases. This is a fallacy. In care-
fully monitored clinical studies in Costa Rica and Hon-
duras (28,100,114), most of the infants had a history
of vomiting on admission and most also experienced
one or more episodes during ORT. However, careful
balance studies in which the volume of vomitus was
carefully recorded showed that with rare exceptions,
the volume vomited was only a small fraction of the
total volume of glucose/electrolyte solution ingested
(28,73,100,114). From the perspective of the fluid and
electrolyte status of the patient, it is not the frequency
of vomiting that is of importance but the net balance
of intake versus emesis (vomitus) and stool volume.

Studies in Costa Rica (114) have shown that vomit-
ing tends to be more frequent during the early hours
of ORT and diminishes thereafter. This observation
suggests that emesis in some infants may be the con-
sequence of electrolyte imbalance and acidosis.

The rate of emesis is also related to the sugar in the
solution and to the method of administration. In com-

parative trials between glucose/electrolyte and su-
crose/electrolyte solutions, children who received the
sucrose/electrolyte solution had higher rates of vomit-
ing (13,28). In summary, careful balance studies have
provided the evidence to demonstrate that vomiting
is rarely an obstacle to successful ORT.

ORT of Hypernatremic and
Hyponatremic Dehydration

In approximately 70 percent of cases of diarrheal
dehydration in infants, the concentration of Na+ in
serum remains normal (131 to 149 mMol/1). In a mi-
nority of cases, the serum Na + may be elevated (hy-

>150 mMol/1) or abnormally low (hypo-pernatremia, –
natremia, < 130 mMol/1).

Hypernatremic diarrheal dehydration represents a
serious complication. It usually occurs in young in-
fants and can be accompanied by seizures, cerebral
hemorrhages, and death. Hypernatremia is notoriously
difficult to treat because of the propensity of infants
to convulse during therapy. In the 1950s and 1960,
hypernatremia was encountered in approximately 20
percent of infants with diarrheal dehydration seen in
North America and Western Europe. Older American
and European pediatricians and family practitioners,
therefore, have great respect for this complication of
infant diarrhea, consequent to their experiences sev-
eral decades ago. In general, hypernatremia has been
uncommon in infants in the tropics.

Some pediatricians have expressed concern that oral
glucose/electrolyte solutions of the type recommended
by WHO contain a Na+ concentration (90 mMol/1)
that is too high for infants, particularly those in in-
dustrialized countries (6,9,64,153,156,157). They sug-
gest that in these well-nourished, predominantly for-
mula-fed infants, who suffer mainly from rotavirus
diarrhea, glucose/electrolyte solutions with Na+ con-
centrations of 90 mMol/1 are potentially unsafe and
could lead to or exacerbate hypernatremia.

Considerable confusion has resulted from discus-
sions on this point because of the failure to differenti-
ate clearly between the use of oral glucose/electrolyte
solution to replace fluid deficits in overtly dehydrated 
infants versus administration of glucose/electrolyte so-
lution early in the course of diarrhea to prevent de-
hydration. The use of solutions with Na + concentra-
tions of 90 mMol/1 in nondehydrated infants with
diarrhea must be accompanied by equal volumes of
low solute fluids or plain water to allow the kidneys
to handle Na+ loads which are greater than the stool
Na+ losses. However, in the overtly dehydrated in-
fant, even if hypernatremia is already present, there
exists a total body deficit of Na + as well as water.
In overtly dehydrated infants, a glucose/electrolyte so-
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lution containing 90 mMol/I is physiologically sound
and clinically safe; indeed, it is an ideal dehydration
solution to replace deficits (26,113,115,119).

Pizarro and coworkers have carried out several
studies (113,115,119) in Costa Rica clearly establish-
ing the safety of ORT of infants with hypernatremic
dehydration. The problem with treatment of hyper-
natremic dehydration,intravenous or oral, is the
occurrence of seizures (15,42,65,75,119). The last re-
port by Pizarro and coworkers (113) described the use
of slow oral dehydration in 35 infants with no episodes
of seizures during therapy.

ORT also has been shown successful in treating in-
fants with hyponatremia (serum Na + concentration
<130 mMol/1) (113,119,139).

Experience With ORT in Neonates

At the National Children’s Hospital in Costa Rica,
the use of ORT in neonates has been exhaustively stud-
ied by Pizarro and colleagues (116,117). An extraor-
dinary collective experience involving several hundred
newborns documents that ORT is as safe and effec-
tive in this age group as in older infants. Furthermore,
neonates with hypernatremic and hyponatremic dehy-
dration can be as successfully rehydrated as older chil-
dren (116,117).

Rapidity of Oral Dehydration

Complete replacement of the water and electrolyte
deficit, accompanied by clinical signs of normal hydra-
tion and weight gain, is complete by 6 hours after be-
ginning ORT in approximately 60 percent of cases; by
12 hours in 90 percent; and in 95 to 98 percent of in-
stances by 18 hours (24,28,73,100,114,118). At the
point of successful dehydration, infants are switched
to the maintenance phase of dehydration, which in-
cludes the introduction of soft foods. Depending on
social factors, the infant may be sent home at this point
after the mother has been instructed in how to pro-
vide maintenance fluids at home and has been given
packets to prepare the solution (118).

Limitations of ORT

Even in highly experienced units such as those in
Costa Rica, Honduras, Bangladesh, and India, 2 to 5
percent of overtly dehydrated infants will fail on ORT
alone. The most frequent causes of failure include the
following:

● Glucose or sucrose intolerance. Overtly dehy-
drated infants often are severely malnourished
and have intestinal bacterial infections. When
given sugar/electrolyte solutions, these infants

greatly increase their purge rates. This situation
is seen in perhaps 1 percent of cases in less devel-
oped areas.

• Intractable vomiting. Occasionally, a dehydrated
infant will simply be unable to drink without
vomiting virtually the entire fluid volume that
was just ingested. Such instances are rare.

Ž Continuing high purge rates. Most infants with
diarrheal dehydration have diminished purge
rates following replacement of fluid deficits or
purge at rates that can be adequately replaced
orally. Some infants, however, particularly those
with cholera, continue to purge copiously at rates
that cannot be easily replaced with ORT.

● Abdominal distention. Paralytic ileus or abdomi-
nal distention occasionally occurs, precluding
continued ORT.

ORT is labor-intensive. Someone must continue to
administer the fluids to the infant. If the mother or
another guardian is not available, this requirement be-
comes a limitation. ORT units are dependent on the
full cooperation of the infant’s mother or a surrogate.

Composition of Oral
Dehydration Solutions

Comparison of Glucose and Sucrose

Because of the lesser expense and greater availabil-
ity of sucrose (table sugar), trials have been carried
out to compare the efficacy of sucrose/electrolyte
versus glucose/electrolyte solutions (13,99,103,134,
135). Sucrose molecules are “double sugars” twice the
size of glucose molecules. For sucrose to be effective,
it must be broken down by intestinal enzymes to its
single sugar constituents, glucose and fructose, where-
upon the actively absorbed glucose molecules promote
water and glucose-coupled Na + transport. Fructose,
in contrast, is not avidly absorbed and thus exerts a
“solute drag” osmotic effect (56). In summary, the
comparisons show that glucose/electrolyte solutions
are slightly superior to sucrose/electrolyte solutions.
However, the differences in overall efficacy are mini-
mal so that if economic or logistic considerations are
paramount, sucrose-based solutions can be routinely
used with expectation of excellent clinical results.

Comparison of “Low” and “High”
Sodium Dehydration Solutions

Several controlled studies have been carried out in
which dehydrated children were rehydrated orally
with either “high” Na + (90 mMol/1) or “low” Na
(50 to 60 mMol/1) glucose/electrolyte solutions (4,20,
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98,133,138,139). High- and low-sodium rehydration
solutions appeared equally efficacious in replacing
fluid deficits.

In a study in Jamaica (98), Nalin and coworkers de-
tected transient hypernatremia in 4 of 25 minimally
dehydrated infants who were given the WHO glu-
cose/electrolyte solution without free water. The
hypernatremia was mild (150 to 156 mMol/1) and was
not associated with any adverse clinical signs or symp-
toms. Chatterjee and colleagues (20) in India reported
similar results. Two of their dehydrated infants who
had normal serum Na + concentrations on admission
developed asymptomatic mild hypernatremia during
ORT with a glucose/electrolyte solution containing 90
mMol/1. In contrast, Santosham and colleagues work-
ing in Panama and in the United States did not encoun-
ter hypernatremia (138,139) in their orally rehydrated
infants who also received the solution without free
water.

In the study in Jamaica (98), net Na+ absorption
was significantly less in the infants who received the
low Na+ (60 mMol/1) solution and hyponatremia de-
veloped in 3 of 31 infants. Furthermore, several infants
who were hyponatremic on admission remained so
during oral rehydration with the low Na+ concentra-
tion solution. A comparison of “high” and “low” Na +

sucrose/electrolyte solutions by Saberi and Assaee
(133) in Iran gave comparable results as seen in the
glucose/electrolyte comparisons.

In summary, while in “low” and “high” Na + oral
glucose/electrolyte solutions give equivalent results in
most dehydrated infants, the high Na + solution is
safer for hyponatremic and hypernatremic infants.

Optimal Potassium Concentrations

Losses of potassium ions (K + ) in diarrheal stool can
be significant, particularly in infants in less developed
countries who have repeated episodes of diarrhea. In
such infants, insufficient replacement of K + losses can
lead to total body K+ depletion, accompanied clini-
cally by muscle weakness, ileus, cardiac arrhythmias,
and hypokalemic kidney disease. Nalin and colleagues
(98) compared K+ balance in mildly dehydrated
infants treated with the WHO oral dehydration solu-
tion (which contains 20 mMol/1 K+) versus a modi-
fied solution containing 35 mMol/1 K+. Net K+ ab-
sorption at 24 hours was more than twice as high in
the infants that received the solution containing the
higher K + concentration (35 mMol/1), and none of
these infants had abnormally low or high potassium
blood levels at 6 or 24 hours after beginning ORT. In
contrast, low potassium levels were detected in about
one-fifth of the infants treated with the low K + solu-
tion. Based on these studies in Jamaica, the formula

of the oral rehydration solution used in Costa Rica was
modified to provide more K+.

Acetate or Citrate in Place of Bicarbonate

The shelf life of optimally prepared glucose/electro-
lyte packets containing HCO3

– is 3 years. However,
the shelf life of poorly made porous packets is limited
because of the discoloration and caramelization that
occurs when moist glucose and bicarbonate mix. So-
dium acetate and sodium citrate are being studied as
substitutes for sodium bicarbonate to see whether they
prolong the shelf-life. In the body, acetate and citrate
are converted to bicarbonate. Pizarro and colleagues
(112) and Patra and colleagues (105) recently have car-
ried out double-blind randomized comparisons of glu-
cose/electrolyte solutions containing citrate or acetate,
respectively, versus the standard solution containing
bicarbonate. The solutions with citrate or acetate were
equally efficacious.

“Super Solutions”

In 1970, Nalin and colleagues (97) reported results
of a clinical study in which a glucose/electrolyte so-
lution was compared with an electrolyte solution that
contained the amino acid glycine as well as glucose.
Both glucose and glycine molecules are actively trans-
ported, but by different mechanisms. The objective of
this study was to determine if a solution containing
two distinct actively transported substances would re-
sult in faster and increased water and electrolyte ab-
sorption than a solution containing only glucose and
electrolytes. Nalin and coworkers observed that the
glucose/glycine/electrolyte solution was superior to
the glucose/electrolyte solution in promoting water
and Na + absorption in patients with severe diarrhea.
In fact, the glucose/glycine/electrolyte solution was
so much better that the duration of diarrhea and total
stool volume were significantly diminished in patients
who received the solution as compared to the group
who received glucose/electrolyte solution.

The implications of this important observation were
not widely appreciated at the time. Many public health
authorities believed that the lesser availability of gly-
cine and the increased cost of solutions having both
glucose and glycine ruled against widespread use of
such solutions. Since 1982, however, the concept of
“super solutions” with more than one substance ac-
tively transported by the gut has reappeared with in-
creased popularity (2,77,144). Patra and coworkers
(144) in Calcutta compared glucose/electrolyte and
glucose/glycine /electrolyte solutions in oral dehydra-
tion of infants with diarrheal dehydration. Their re-
sults corroborated those in adults with cholera 15 years
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earlier. The duration of diarrhea and the total stool
volume significantly diminished in infants given the
solution containing both glucose and glycine.

Work is under way to carry these investigations fur-
ther. The goal is to develop a “super solution” con-
taining up to three actively transported substrates that
not only replaces water and electrolytes but actually
diminishes diarrheal stool volume to the point where
losses are no longer clinically relevant (2).

Some groups of investigators have been examining
naturally occurring complex substrates as opposed to
pharmaceutically prepared formulas in making of “su-
per solutions” (90,106,162). They hope in this way to
accomplish the same goals at lesser cost and with
greater availability. Most work in this area uses rice
powder (30 to 50 gm per liter) with the same electro-
lyte concentrations as in the WHO soIution. Rice con-
tains polymers of glucose (glucose molecules strung to-
gether in a chain) which can be broken down in the
small intestine to single glucose molecules (90). Rice
also contains glycine (30 to 36 mg/100 gm of rice).
Clinical studies have shown rice powder/electrolyte
solutions to be at least as effective as glucose/electro-
lyte solutions in oral dehydration of infants with diar-
rheal dehydration (90,106). Some studies in infants
(106) demonstrate a clear superiority of a 5-percent rice
powder/electrolyte solution over the glucose/electro-
lyte solution, with the former significantly lowering
stool output, duration of diarrhea, and intake of oral
dehydration fluid.

ORT To Prevent Dehydration

Up to this point, ORT has been discussed in this case
study as a substitute for intravenous dehydration to
treat 95 percent of infants with overt clinical dehydra-
tion. Used this way, ORT is practiced by health care
providers in health care facilities.

The second major use of ORT is to initiate the use
of oral sugar/electrolyte solutions early in the course
of diarrhea in an attempt to prevent dehydration.
Ideally, this intervention is carried out with a balanced,
physiologically sound solution containing appropri-
ate concentrations of K+ and HCO3 

– (or other base)
in addition to Na+ and Cl—. In infants, stool Na +

concentrations in noncholera diarrhea usually range
from 25 to 70 mMol/1, with a mean of approximately
45 to 50 mMol/1 (89,100,101,149). Thus, a glucose (or
sucrose) /electrolyte solution containing 40 to 50
mMol/1 of Na + is ideal to replace ongoing diarrheal
losses early in the course of diarrhea in young chil-
dren (43,44). The WHO solution can also be utilized
to replenish ongoing diarrheal losses in infants but in
this instance, an equal volume of low solute fluids (or

plain water) is given following each volume of glu-
cose/electrolyte solution to provide free water to han-
dle Na+ loads.

Simple Sugar/Salt Solutions

It is not possible economically or logistically to pro-
vide a packet of balanced sugar/electrolyte powder to
treat every episode of diarrhea in all young children
in developing countries, For that reason, some observ-
ers have advocated the use of simple dehydration so-
lutions of table salt and sugar, prepared and adminis-
tered in the home (15,53,66,70,85,91,120). Depending
on the purity of the sugar and salt, simple solutions

+may contain only Na , Cl —
, and sucrose.

Two major obstacles had to be overcome before the
use of home-made simple sugar/salt solutions could
be advocated with confidence. First, it was necessary
to identify simple, technologically appropriate meth-
ods for producin solutions containing safe and effec-
tive levels of Na + and sucrose. This was regarded as
critical by many authorities who feared that improper
mixing could result in solutions with unacceptably high
Na + and sucrose concentrations, which could con-
ceivably induce hypernatremic dehydration, accom-
panied by convulsions, intracerebral hemorrhage, and
high case fatality. Second, it had to be shown to what
degree simple sugar/salt solutions promoted water and
Na + absorption, how well they combatted acidosis
(since they lacked base), and what clinical and bio-
chemical problems might accrue from the lack of K +

in the fluids.
Many methods for measuring sugar and salt in prep-

aration of simple sugar/salt solutions have been de-
scribed. Some methods, such as the “finger pinch of
salt and fistful scoop of sugar” technique, use the hu-
man hand for measurement (25,91). Other methods
make use of a teaspoon or bottle cap, and a glass or
a 750 ml or 1.0 liter bottle (30,38,69,70,72). Some au-
thorities favor the use of a special double-ended plas-
tic spoon with one trough for measuring salt and
another for sugar (79,53). There is great controversy
over the reliability of some of these methods (8,23,25,
30,32,33,38,51,53,66,69, 70,72,85,91,120,126, 146).
Many health workers consider certain methods such
as the “pinch and scoop” inherently so variable that
they are unacceptable (32,69,72). Others disagree and
believe that the simplicity of the pinch and scoop
method justifies its use (25,91,146). A large rural ORT
program in Bangladesh (Bangladesh Rural Advance-
ment Committee) makes use of the pinch and scoop
method (33).

Despite controversy over particular methods of
preparation of simple sugar/salt solutions, all involved
parties appear to agree on two fundamental points.
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The first is that one must adapt methods of prepara-
tion of simple sugar/salt solutions to local conditions
using local utensils. The second is that the more su-
pervision and teaching involved, the greater the relia-
bility of the method and the greater the safety of the
resultant solutions.

Simple Sugar/Salt vs. Glucose/Electrolyte
Oral Dehydration Solutions

Although many health authorities avidly supported
the use of simple sugar/salt solutions and many na-
tional diarrheal disease control programs relied heav-
ily on them, prior to clinical studies in Honduras (28),
there were no physiological data to support their ef-
ficacy or show their limitations. Clements and cowork-
ers (28) treated 61 Honduran infants 3 to 18 months
of age with diarrheal dehydration with either a sim-
ple sugar/salt solution (60 mMol/1 Na +, 3.0 gm per-
cent sucrose, no K+ or HCO3

–) or with the WHO
glucose/electrolyte solution. The simple sugar/salt so-
lution was found to be equal to the glucose/electro-
lyte solution in stimulating Na+ and water absorp-
tion and almost as good in combatting acidosis.
However, because of the lack of K+ in the simple su-
gar/salt solution, significantly more infants treated
with this solution developed abnormally low serum
K+ concentrations. Small amounts of banana puree
were unable to replace sufficient K+. It would require
at least 320 ml of banana puree (280 ml of mashed
banana, 2 to 3 whole bananas) to provide as much K+

as contained in the amount of WHO glucose/electro-
lyte solution given over 24 hours to an infant with di-
arrhea (27).

In summary, properly prepared simple sugar/salt
solutions are highly effective in promoting water and
Na+ absorption, thereby restoring a normal blood
volume and blood flow through the kidneys which
combat metabolic acidosis. However, the lack of K +

in most simple sugar/salt solutions represents a criti-
cal drawback which can lead to abnormally low se-
rum K + concentrations. Until the problem of ade-
quate K + replacement can be resolved, simple
sugar/salt solutions must be regarded as suboptimal
alternatives for use only where a balanced sugar/elec-
trolyte solution is unavailable.

Effect of ORT on Nutritional Status

A study in the Philippines showed that children who
received ORT with glucose/electrolyte solution dur-
ing bouts of diarrhea gained significantly more weight
in ensuing months than matched control children who
did not receive ORT (60,61). Studies in two other
countries (Turkey and Iran) had similar results (7,39).

Field workers, in the Gambia, however, have not been
able to corroborate the results (131). One possibility
is that ORT stimulates the appetite of children with
diarrhea, and this accounts for the increased weight
gain. Since early reintroduction of feeding is part of
the ORT intervention, it is difficult to determine what
role ORT per se plays with respect to food consump-
tion. More information about ORT’S effect on food
consumption and nutritional states is needed.

Effect of ORT on Infant Mortality

Implementation of ORT programs in less developed
countries would be expected to diminish diarrhea-
related infant mortality. Unfortunately, however, few
epidemiologic data are available to demonstrate this
effect. Reports from India, Bangladesh, and Egypt pro-
vide some insights, but none is completely convinc-
ing because of methodologic problems (1,66,123).
More data on this important question need to be
gathered,

Dissemination of ORT

Many international, national, religious, and private
agencies are involved in disseminating the use of ORT
throughout the world. The most important agencies
are the following:

1. World Health Organization (WHO),
2. Pan American Health Organization (PAHO),
3. U.N, International Children’s Emergency Fund

(UNICEF), and
4. U.S. Agency for International Development

(AID).

World Health Organization

ORT is the keystone in WHO models for national
diarrheal disease control programs.

WHO’s Diarrheal Disease Control Program has
played a pivotal role worldwide in stimulating the use
of ORT. This has involved:

●

●

●

●

Pan

provision of treatment guides, manuals, etc., in
several languages;
provision of technical consultants to countries;
assistance in organization of national and regional
workshops on ORT and diarrheal disease control;
and
provision of research grants to support basic, clin-
ical, and operational research related to ORT.

American Health Organization

PAHO is both the WHO regional office for the
Americas and the Pan American Sanitary Bureau.
Both independently and in conjunction with WHO,
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PAHO has pursued dissemination of ORT. This has
involved:

● provision of technical consultants;
. support of national and regional meetings. PAHO

has been active in promoting workshops on diar-
rheal diseases and ORT; and

● provision of research grants, equipment, and ma-
terials to clinical and public health investigators.

In the late 1970s, the first generation of PAHO ORT
consultants were mainly North Americans. These con-
sultants trained a second generation of PAHO ORT
consultants from Latin America and the Caribbean
who have since become internationally recognized au-
thorities.

U.N. International Children’s Emergency Fund

UNICEF has been a major supplier of packets of glu-
cose/electrolyte powders to allow countries to start na-
tional pilot programs. UNICEF also has supplied some
countries with machines to package their own ORT
powders. ORT is an integral part of “GOBI/FF” pro-
gram (growth chart, oral therapy, breast feeding, im-
munizations/family planning, female literacy).

U.S. Agency for International Development

AID has made major contributions to the dissemi-
nation of ORT. Some of the most important contri-
butions include:

● provision of technical consultant support.
● support for meetings and workshops, and
● special projects.
The AID-supported international meeting on ORT

in Washington, DC, in June 1982 was an important in-
strument to disseminate ORT. One of AID’s special
projects is the Mass Media Diarrhea Project, which has
pilot programs in Honduras and the Gambia. Mass
communications techniques (mainly radio) are being
used to spread health information about diarrhea, de-
hydration, and ORT. The effectiveness of this program
in Honduras is very impressive. Another special AID
project has been direct financial support for the Inter-
national Center for Diarrheal Diseases Research, Ban-
gladesh. This is the offspring of the CRL (Cholera Re-
search Laboratory), which has played an important
role carrying out basic, clinical, and operational re-
search on ORT.

Attitudes of U.S. Pediatricians
Toward ORT

The vast majority of pediatricians practicing in the
United States were trained in programs where the fol-
lowing attitudes were fostered:

●

●

●

●

ORT helps to prevent dehydration and is useful
in treatment of mild dehydration.
ORT solutions for U.S. children should not con-
tain more than 60 mMol/1 of sodium in order to
preclude the development of hypematremia (a
much feared complication).
Children with moderate or more severe dehydra-
tion must be given intravenous dehydration.
If a child is sufficiently dehydrated to receive in-
travenous fluids, nothing further should be given
by mouth for 24 hours. The bowel should be
“rested.”

These have been the fundamentals of diarrhea ther-
apy taught to two generations of American pedia-
tricians.

Because of the large number of reports on ORT that
have been published in recent years in the most pres-
tigious pediatric journals in the United States (Jour-
nal of Pediatrics, Pediatrics, and the American Jour-
nal of Diseases of Children) and Britain (Archives of
Disease in childhood), most U.S. pediatricians are
aware of the expanded use of ORT. Most are also cog-
nizant of the composition of the WHO oral dehydra-
tion solution and accept its use as an important ad-
vance for the treatment of diarrhea in the less
developed world. Some pediatric training programs
in the United States have adopted ORT and use the
WHO (as well as other) dehydration solutions. Through-
out the United States, however, there remain many
pediatricians who are skeptical of ORT and who are
particularly resistant to use of a formula like the WHO
glucose/electrolyte solution which contains 90 mMol/1
of sodium.

The American Academy of Pediatrics has played an
important role in fostering information on ORT and
in attempting to forge agreement on the role of solu-
tions containing 90 mMol/1 of sodium in treatment of
diarrhea in the United States. At its autumn national
meeting in New York City in October 1982, the Acad-
emy convened a workshop on ORT. Other presenta-
tions on oral dehydration were made at American
Academy of Pediatric meetings in May 1983, in Phil-
adelphia, and in October 1983, in San Francisco.

In February 1983, the Academy convened a task
force on ORT which met in New York. The assign-
ment of the task force was to prepare recommenda-
tions on the following issue:

the advantages and disadvantages of Oralyte, a
high electrolyte solution (distributed worldwide by
UNICEF/WHO) in the treatment of infants with di-
arrhea and dehydration.
Initially, the task force was not able to come to an

agreement. Most of the task force members wanted
to make Oralyte (the WHO solution) a prescription
drug in the United States for fear that some infants
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would develop hypematremia (abnormally high serum
Na + concentrations) if it were used without medical
supervision. One dissenter argued that Oralyte had
been proved safe worldwide and was safer than aspi-
rin (which is sold without prescription). Some task
force members believed that adopting a prescription
requirement for Oralyte in the United States could
have serious repercussions internationally, perhaps
impeding the dissemination of in less developed
countries.

A compromise was accepted for the task force to
prepare recommendations, which were sent to the
Academy Committee on Nutrition and then transmit-
ted to the Food and Drug Administration to assist that
agency in developing policy and regulations. The ma-
jor points of the compromise include the following
(28a):

There is a role for two different sugar/electrolyte
solutions in the treatment of diarrhea in the
United States. The solutions would differ in so-
dium concentration. A solution for deficit replace-
ment should contain 61 to 90 mMol/1 of Na+.
A solution for maintenance should contain 40 to
60 mMol/1 of Na +.
The solution for deficit replacement should be
used preferably in a fixed health care facility (phy-
sician’s office, emergency room, etc. ) in overtly
dehydrated children.
The higher sodium solution also may be used in
prevention of dehydration or maintenance of
hydration but must be accompanied by provision
of ample additional low-solute fluids to provide
free water.
A preferred maintenance solution is the lower (40
to 60 mMol/1) sodium solution.
All the dehydration solutions should be consid-
ered “medical foods. ” (Distribution of medical
foods does not require a prescription, but such
foods are accompanied by explicit instructions. )

The Economy of ORT

ORT makes the treatment of diarrheal disease more
economical in two ways: 1) by diminishing the cost
of the dehydration fluids, and 2) by shortening the hos-
pital stay of the pediatric patient admitted for the treat-
ment of dehydration.

The costs of treatment for two hypothetical patients
treated by ORT versus intravenous dehydration are
compared below.

The first patient is a 10 kg American infant admitted
to a large Eastern municipal hospital with 10 percent

dehydration, In typical pediatric care in the 1970s, this
infant would have a hospital stay of approximately
3 days and would receive intravenous fluids. Typi-
cally, he or she would be given nothing by mouth for
the first 24 hours and then would have slow introduc-
tion of clear fluids and dilute formula over the subse-
quent 2 days. Some of the costs of treating this infant
intravenously would include: sterile intravenous fluids
at $1.50/liter (approximately 3 liters might be used in
this patient over 2 days); sterile plastic intravenous
tubing ($2.62); and at least one sterile butterfly nee-
dle ($0.40). The relevant cost of intravenous therapy
for the infant would be $4.50 for intravenous fluids,
plus $3.02 for sterile tubing and needle and $600 for
3 days of hospitalization.

In the 1980s, this same infant could be treated with
ORT and early reintroduction of feeding with a prob-
able hospital stay of only 24 hours. The cost of ORT
would be $0.25 per liter for WHO oral dehydration
solution. The infant might require 3 liters ($0.75) of
the solution, but no sterile tubing or needles would
be needed. So the relevant cost of ORT for the infant
would be $0.75 for oral dehydration solution, plus $200
for 1 day of hospitalization.

The second hypothetical patient is a 16-year-old, 70
kg east African male who presents with severe chol-
era during a cholera outbreak. He arrives at the hos-
pital in a severely dehydrated state and in shock.
Treated with intravenous fluids, this patient might
typically require 20 liters for treatment. This would
cost $30 in fluids alone ($1.50 per liter) plus at least
$2.00 for sterile tubing and needles. Thus, the total
cost for intravenous therapy for this patient would be
$32.00.

With ORT, this patient’s intravenous fluid require-
ment could be reduced to 3 liters ($4.50). The patient
would also require approximately 26 liters of oral de-
hydration solution (at $0.15 per liter in east Africa).
So the total cost of treating this patient with ORT
would be $3.90 for 26 liters of oral glucose/electro-
lyte solution, $6.50 for 3 liters of intravenous solution,
infusion tubing, and a sterile needle to treat shock; the
relevant costs total $10.40.

The comparative costs for purely intravenous treat-
ment of a patient with severe cholera in shock, $32.00,
versus the use of ORT, $10.40, are notable. Many pa-
tients with somewhat less severe cholera can be treated
entirely with ORT alone, further reducing the costs.
Savings of this magnitude in therapy of diarrheal dis-
eases are of critical importance to less developed coun-
tries where financial resources are severely limited in
comparison with health care needs.
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Conclusion

Diarrheal disease is one of the most important causes
of morbidity and mortality in infants and young chil-
dren in the less developed world. Dehydration is the
most common precipitating cause of death in infant
diarrhea, and malnutrition is the most important
chronic consequence of such diarrhea.

Even during diarrheal infection, the intestine main-
tains its ability to absorb glucose and many amino
acids; as glucose is absorbed, sodium and water also
are absorbed. This observation has allowed the devel-
opment of ORT—a highly efficacious form of therapy
for diarrheal dehydration that is technologically appro-
priate for use in less developed countries.

ORT, which involves oral dehydration with solu-
tions containing glucose or sucrose and electrolytes,
now is in use worldwide, in programs sponsored by
international agencies and national governments. Al-
though the basic breakthrough has been made, efforts
to improve the solutions and to increase the accessi-
bility to ORT by those in greatest need are continuing.
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