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INTRODUCTION 


This collection of annotated abstracts on oral rehydration 

therapy (ORT) has been compiled to assist in understanding the large 

amount of information which has recently evolved concerning this 

method of treating diarrhea. 


Diarrheal diseases are one of the major public health problems 

in the developing world, are a leading cause of death in small 
children and constitute an important contributing factor to 
malnutrition. 

Acute diarrheal episodes, which are caused by a number of 

agents, are most often self-limited. Dehydration, the major cause of 

diarrheal disease morbidity and mortality, results from the loss of 

fluid and electrolytes in diarrheal stools. 


The long-term reduction in incidence and severity of diarrhea 

will continue to depend on comprehensive programs to improve 

nutritional status, water supplies, personal hygiene and environmental 

sanitation. However, an immediate impact on mortality due to 

dehydration can be achieved by treatment based on early administration 

of oral glucose electrolyte solution. The cornerstone of this 

therapeutic plan is the use of an inexpensive, easily administered, 

and universally available oral rehydration solution. 


The use of oral rehydration solutions to provide water and 

electrolytes for persons with diarrhea has long been advocated. 

Darrow (1949) and Harrison (1955) reported successful use of oral 

rehydration to provide maintenance fluid and electrolyte therapy in 

dehydrated children and infants. A salt and glucose oral rehydration 

solution was successfully us^d to treat persons with mild cholera in 

India in 1953. 


In the late 1950s and early 1960s, studies demonstrated the 

glucose-enhanced uptake of sodium and water in the small intestine. 

In 1964, Phillips showed that persons with cholera could absorb oral 

glucose-electrolyte solutions, and in 1968 the first comprehensive 

metabolic balance studies were done, clearly demonstrating that oral 

infusions could maintain fluid and electrolyte balance in persons with 

cholera. Over the next decade a large number of hospital, treatment 

center, and field-based clinical trials, in all age groups, showed 

that oral rehydration solutions could be used to effectively treat 

mild and moderate dehydration resulting from both cholera and 

non-cholera diarrhea. These trials were carried out in many countries 

under widely varying conditions. 


Severely dehydrated persons (10% or greater weight loss) may 

require initial intravenous (IV) rehydration, but the subsequent use 

of oral therapy to complete rehydration and to supply maintenance 
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fluids and electrolytes has led to an overall 80Z reduction in the 

oeed for IV fluids. An implicit advantage is the virtual elimination 

of complications (e.g., septicemia) associated with IV therapy. 

Persons with severe, protracted vomiting, other medical complications, 

rarely-seen glucose (or sucrose) intolerance, and those whose oral 

intake cannot match losses also require IV therapy. 


Most present oral rehydration programs use a single solution 

containing the WHCt-recoramended composition (ORS) to treat all age 

groups with all types of diarrhea. The electrolyte composition of the 

solution was initially developed to approximate the concentration of 

electrolyte losses in stools of persons with cholera. The 

concentration of glucose, the most expensive ingredient in the 
solution, represents the minimum amount needed to provide optimal 
sodium ant' water uptake. 

There are obvious administrative and operational advantages to 

using a single oral solution, and the optimal concentration of each of 

the ingredients has been carefully determined. Sucrose, which in many 

countries is a less expensive and more easily obtained sugar than 

glucose, has proved a possible substitute for glucose. However, if 

sucrose is substituted, twice the amount of sucrose is needed (40 g vs 

20 g) as in the glucose-electrolyte solution. The recommended sodium 

concentration (90 mEq/1) has been amply shown to be highly effective 

and safe for deficit replacement and maintenance needs of individuals 

with either cholera or non-cholera diarrhea; additional water need 

during maintenance of small infants is easily met by providing 

breastmilk, diluted cows' milk or plain water. 


A large number of hospital and treatment center trials have 

demonstrated that oral rehydration therapy (ORT) reduces the clinical 

severity and mortality caused by diarrhea. The early reports from 

field studies are similarly encouraging. These studies have 

convincingly shown that dependence on expensive IV therapy to treat 

dehydration can be greatly diminished. When combined with educational 

efforts stressing the need to continue feeding (especially 

breastfeeding in infants) during and after diarrheal episodes, ORT is 

expected to have a favorable impact on malnutrition by reducing the 

severity and duration of dehydration and acidosis associated with 

diarrhea and by improving appetite and food intake. However, because 

of the complex interactions of social, economic, health, and 

environmental factors related to malnutrition, this impact has been 

difficult to quantify. 


A key to implementing country oral rehydration programs is 

devising distribution and administrative systems which incorporate the 

customs, beliefs, practices and facilities of the target populations. 

Prepackaged preparations of ORS distributed through rural treatment 

centers and primary health care workers have proved effective, but as 

knowledge and acceptance of oral rehydration grows, home-prepared 

solutions using locally available household sugar and salt may become 
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practical and inexpensive. However, much more information concerning 
the efficacy of hone preparation is required before the home-based 
mode can be recommended. 

National efforts to implement oral rehydration therapy must be 

part of the general program for delivery of all basic health 

services. Use of oral rehydration therapy in the treatment of 

diarihea in infants and children acts as a highly effective entry 

point for appropriate health education measures, particularly 

promotion of breastfeeding, appropriate dietary practices including 

weaning foods and personal hygiene. The practice of oral rehydration 

therapy sh-juld be implemented through the primary health care approach 

by integrating it into other primary health care activities, such as 

immunizations, family planning, nutrition and maternal and child 

health. 


On the following pages, annotated abstracts of oral rehydiation 

articles are arranged under 5 categories; history, clinical trials, 

composition, impact, and implementation. If information in an article 

pertains to more than one category, the abstract appears in the 

section corresponding to the major thrust of the article, while the 

citation is cross-listed in each other appropriate category. 

Abstracts appear in approximately chronological order. 


WHO-Recommended Formulation of ORS: 


Ingredients gram/liter of water 


Sodium chloride 3.5 


Sodium bicarbonate 2.5 


Potassium chloride 1.5 


Glucose 20.0 


Composition mmol/liter of water 


Sodium 90 


Potassium 20 


Chloride 80 


Bicarbonate 30 


Glucose 111 


vii 




I  . HISTORY 

These annotated a b s t r a c t s t race the physiologic and 
c l i n i c a l r a t i o n a l e behind the development of o r a l 
rehydration s o l u t i o n s . 

Oral solut ions containing glucose ( h i s t o r i c a l l y f i r s t 
used for i t s n u t r i t i o n a l value) and e l e c t r o l y t e s have been 
used successfully in t r e a t i n g dehydrated persons for over 
30 years . A physiologic basis for such treatment has been 
es tabl ished in the past 2 1/2 decades by s tud ies which 
showed tha t coupled t r anspor t of glucose and sodium in the 
small i n t e s t ine r e s u l t s in accelera ted t ranspor t of 
e l e c t r o l y t e s and water. C l in i ca l t r i a l s were subsequently 
performed to determine whether persons with cholera could 
absorb o ra l g l u c o s e - e l e c t r o l y t e solut ions and, if so, 
whether maintenance fluid and e l e c t r o l y t e requirements 
could be met. 

I . Darrow DC et a l , Disturbances of water and e l e c t r o l y t e s in 
i n f a n t i l e d ia r rhea , P e d i a t r i c s 3:129-156, 1949. 

Detailed metabolic balance s tud ies were performed on 7 
hosp i ta l i zed infants with moderate to severe d i a r rhea . The r e s u l t s 
showed that an oral so lu t ion containing Na+, Cl~, K+, HCO3-, 
and glucose could be to le ra ted and that the so lu t ion could aid 
replacement of body water and e l e c t r o l y t e losses without prolonged 
pa ren te ra l therapy. After one day of intravenous therapy, most of the 
chi ldren received t h e i r fluid and e l e c t r o l y t e requirements o r a l l y . 

These findings provided ear ly evidence for the eff icacy of o r a l 
rehydrat ion therapy. 

2 . Chat ter jee HN, Control of vomiting in cholera and o ra l replacement 
f lu id , Lancet 2:1063, 1953. 

The efficacy of an o ra l so lu t ion to t r e a t cholera p a t i e n t s was 
evaluated while con t ro l l i ng vomiting with an antiemetic agent. 

During 2 epidemics of cholera in Calcut ta in 1952 and 1953, 59 and 
127 persons, r e spec t ive ly , were t reated with 14 mg t a b l e t s of 
promethozine and 8-chlorotheophyl l ine to control vomiting. A so lu t ion 
of Na+(114 mEq/1), K+(28 mEq/1), and glucose (137 mmol/1) was 
administered by mouth to 33 of these persons with mild cholera and by 
mouth and rectum to 153 with moderate to severe d i s e a s e . All 186 
t r ea ted persons recovered without sequelae. 
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This h i s t o r i c repor t demonstrated the p o t e n t i a l usefulness of 
non-parenteral g lucose -e l ec t ro ly t e so lu t ions for the treatment of 
cho le ra . 

T^ Fisher ififi Glucose movements across the wall of the r a t small 
i n t e s t i n e , J Physiol U9;210-223, 1953. 

This early physiologic study demonstrated that a r e l a t i v e l y small 
number of c e l l s in a rat small i n t e s t i n e preparat ion were involved in 
glucose t r ans loca t ion from the lumen and tha t the remaining c e l l s were 
impermeabLe to glucose t r a n s l o c a t i o n . From th is evidence, i t was 
poss ib le to pos tu la te the exis tence of spec i f i c receptor s i t e s for 
glucose uptake. 

4 . Harrison HE, The treatment of d iarrhea in infancy, Ped Cl in ics of 
N Am 1:335-348, 1954. 

A general review of the e t io logy , physiology, c l i n i c a l and 
laboratory assessment and therapy of ped ia t r i c d ia r rhea l disease was 
presented. Intravenous rehydra t ion was iden t i f i ed as the i n i t i a l 
therapy of choice for dehydrated ch i l d r en . However, adminis t ra t ion of 
o ra l e l ec t ro ly te -ca rbohydra te so lu t ions was recommended as a su i t ab l e 
method for supplying maintenance water , e l e c t r o l y t e , and carbohydrate 
requirements . The oral so lu t ion used contained 50 mEq/1 of Na+ and 
Cl~ and 20 mEq/1 of K+, in addi t ion to c i t r a t e , phosphate and 
glucose or mal tose. 

Af*:er 6 years of experience at Baltimors City Hospital the 
i nves t i ga to r s reported most p a t i e n t s were kept in water and 
e l e c t r o l y t e balance and that there was no evidence of exacerbated or 
prolonged diarrhea using o r a l so lu t ions for maintenance hydra t ion . 

5. Colle E et a l , Hypertonic dehydration (hypernatremia) : the ro l e 
of feedings high in s o l u t e s , P e d i a t r i c s 22:5-12,1958. 

Unwittingly high sodium concent ra t ions in o ra l formulas given a t 
home for the ear ly treatment of mild to moderate d ia r rhea l d isease may 
con t r ibu te to an increased incidence of hypernatremia. 

Thirty-two chi ldren with g a s t r o e n t e r i t i s (consecutive admissions 
at 2 urban American h o s p i t a l s ) were s tud ied . Careful feeding 
h i s t o r i e s were obta ined. Where p o s s i b l e , samples of pre-admission 
o r a l feedings where tes ted for so lu te concent ra t ion , as were samples 
of water from p a r t i c u l a r homes. Solutions made by using heaping 
measures of a commonly used commercial o ra l e l e c t r o l y t e so lu t ion were 
analyzed for so lu te concen t ra t ions . 
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Seventeen of the thirty-two cases had confirmed hypernatremia 

(sodium greater than 150 mEq/1) on admission, and four of those died. 

Three others had neurologic sequelae at discharge. There were no 

deaths or neurologic sequel lae in the non-hypernatremic patients. The 

major difference in the hypernatremic group was the high solute load 

in their preadmission feedings. Reasons for the high solute loads 

included errors in formula preparation and high concentrations of 

sodium in the water used for mixing. 


This study was one of the first to point out the pitfalls inherent 

in home preparation of oral rehydration fluid for children, especially 

when measurement of all constituents is performed in the home. 


6. Riklis E et al, Effects of cations on sugar absorption by isolated 

surviving guinea pig intestine, Can J Biochem Physiol 36:347-362, 1958. 


The dependence of active absorption of sugars (glucose, galactose, 

and fructose) on cation concentrations bathing the intestine was 

clearly shown in these classic studies performed on isolated surviving 

guinea pig intestine. Both sodium and potassium ions were shown to be 

required for the process of active transport of glucose. This was one 
of the first studies to demonstrate the physiologic link between 
glucose and sodium transport in the small intestine. 

7. Harrison HE et al, Hypernatremic dehydration, Ped Clin NA 

6:193-199, 1959. 


The study discussed hypernatremic dehydration, defined as fluid 

losses amounting to 10-15% of body weight associated with an elevated 

serum sodium concentration. Predisposing factors were described 

including prematurity, decreased free water intake, increased 

solute-free evaporative water loss, increased stool loss of free 

water, increased solute load to a sick infant, salt poisoning, and 

diabetes insipidus (both central and nephrogenic). Associated 

clinical findings were also described and a treatment rationale was 

outlined, including mention that oral therapy with "glucose-water and 

electrolytes" can be given within 12-24 hours of admission to the 

hospi'.al or earlier. 


8. Curran PF, Sodium, chloride, and water transport by rat ileum in 

vitro, J Gen Physiol 43:1137-1148, 1960. 


To determine the interrelationships of cellular metabolism, 

transport of NaCl and water and the effects of glucose and metabolic 

poisons on ion transport, in vitro studies were carried out on rat 

ileum preparations. 
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Not water t ranspor t was shown to be dependent on the r a t e of net 
sodium t r a n s p o r t . In the presence of glucose increased Na+ and 
CI" uptake was seen. The presence of metabolic poisons inhib i ted 
Na* and CI" uptake. 

The data presented indicated that water t ranspor t is a passive 
process and is dependent on Na+ and Cl~ t r anspo r t . Na+ and 
Cl~ influx was shown to be s i g n i f i c a n t l y affected by the presence of 
g lucose . The a c t i v e - t r a n s p o r t nature of ion uptake was demonstrated 
by inh ib i t ion of ion influx with metabolic poisons. 

This study helped to e s t ab l i sh the biophysical r a t i ona l e for the 
use of g lucose -e lec t ro ly te so lu t ions to provide e f fec t ive oral 
rehydrat ion. 

9. P h i l l i p s RA, Water and e l e c t r o l y t e losses in cholera , Fed Proc 
23:705-712, 1964. 

This paper traced the development of programs for t r e a t i n g cholera 
which were based on s tudies of the mechanism of production and 
e l e c t r o l y t e composition of d ia r rhea l s t o o l s . To determine if o ra l 
rehydrat ion could be used to t r e a t persons with cholera , ora l 
so lu t ions of varying compositions were administered to hosp i t a l i z ed 
F i l i p ino pa t i en t s and to heal thy vo lun tee r s . 

Eleccrolyte solut ions were shown to replace water, K+, and some 
of the HCOJ losses in cholera . Addition of glucose to an i so tonic 
e l e c t r o l y t e solut ion allowed the uptake of sodium and chlor ide which 
were not otherwise absorbed. 

The physiologic evidence for the coupling of sodium and glucose 
t ranspor t in the small i n t e s t i n e provided the r a t i o n a l e for t h i s 
successful demonstration that an oral g lucose -e l ec t ro ly te so lu t ion 
could be used to t r e a t the f lu id and e l e c t r o l y t e losses of cho le ra . 

10. C r a n e R K , N a  + - d e p e n d e n t t r a n s p o r t i n t h e i n t e s t i n e a n d other 
animal t i s s u e s , Fed Proc 24:1000-1008, 1965. 

This symposium repor t de t a i l ed the biophysical evidence support ing 
the hypothesis of coupled glucose and sodium t ranspor t in the small-
i n t e s t i n e . Transport appears to be re la ted to the energy-dependent 
t r ans loca t i on of Na+ at the c e l l u l a r l e v e l . 

11 . P h i l l i p s RA~j et alTj Water arid e l e c t r o l y t e absorption by the 
i n t e s t i n e in cholera , Cholera Res Syntp 299-311, Honolulu, 1965. 

To show the r e l a t i onsh ip of d iar rhea and the ac t ive t r anspor t of 
sodium, q u a n t i t a t i v e and q u a l i t a t i v e s t o o l , serum, and ur ine s tud i e s 
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were performed on 12 hosp i t a l i zed F i l i p ino adul ts with onset of 
cho l i r a within 24 hours of admission. I n i t i a l intravenous hydrat ion 
cor rec ted acid-base and f luid d e f e c i t s . 

During study per iods , one of 3 oral so lu t ions containing 10 mmol/1 
KC1, 45 mmol/1 NaHC03, and e i t h e r 0, 100 or 185 nmol/i NaCl were 
adminis tered, and uptake of e l e c t r o l y t e s was measured. 

Absorption of H2O, K+, and HCO3" was demonstrated but NaCl 
was not absorbed during acute , severe cholera . H' lever, net 
absorpt ion of a l l ions was seen during convalescence. 

These r e s u l t s demonstrated tha t sodium is not absorbed from the 
gut in the absence of glucose in p a t i e n t s with severe , acute cholera 
regard less of whether a hypotonic, i s o t o n i c , or hypertonic sodium 
so lu t ion is used. 

12. Hirschhorn N, Decrease in net s too l output in cholera during 
i n t e s t i n a l perfusion with glucose containing so lu t i ons , N Engl J Med, 
279:176-180, 1968. 

Glucose-, ga lac tose - , and f r u c t o s e - e l e c t r o l y t e solut ions were 
infused into 8 hosp i ta l i zed adul ts with cho le ra , and the e f fec t on net 
s tool output was evaluated. Each of the persons studied had 
cul ture-proven V^ cholera, (El Tor- Inaba) , i n f ec t ions , were admitted 
in shock, had high s tool purging r a t e s , and received i n i t i a l 
intravenous correc t ion of f luid and e l e c t r o l y t e d e f e c i t s . Warmed 
e l e c t r o l y t e solut ions (mEq/1: Na+-133,  K + -6 .1 , Cl"92, 
HCO3" -48) with varying amounts of glucose, ga lac tose , or fructose 
were infused. IV hydrat ion was continued in order to supply 
maintenance fluid and e l e c t r o l y t e s . In take , output , s too l 
composition, and serum chemis t r ies were s e r i a l l y monitored. Controls 
consis ted of 25 people t rea ted for cholera from 3 previous epidemics 
who had received IV therapy along with some water and small snacks 
taken by mouth. 

The net s tool output decreased when glucose was added to the 
perfusion solut ion and increased when glucose was removed. Galactose 
was as e f fec t ive as glucose in reducing net s tool output but fructose 
had no ef fec t on s tool r a t e . Stool e l e c t r o l y t e concentra t ions during 
perfusion were s imi la r to that of the perfusing so lu t ion , i nd i ca t i ng 
tha t no one component of the so lu t ion was s e l e c t i v e l y absorbed. 

Decreases in the net s tool r a t e and net s tool losses of Na+, 
K+, Cl~, and HCO3" were observed during the infusion s t u d i e s . 
These r e s u l t s suggested tha t o r a l g l u c o s e - e l e c t r o l y t e so lu t ions could 
be of value in reducing the -'ntravenous fluid requirement for c h o l e i a . 
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13. Nalin DR et aTj Oral maintenance therapy for cholera in adults, 
Lancet 2:370-2, 1968^ 

Twenty-nine Bangladeshi adults hospital ized with b ac t e r i o log i ca l ly 
confirmed V. cholerae infect ions were s tud ied . Each was i n i t i a l l y 
t rea ted intravenously un t i l hypotension was co r r ec t ed . Ten con t ro l s 
continued to receive only IV hydra t ion , while ten received 
i n t r a g a s t r i c perfusion of a g l u c o s e - e l e c t r o l y t e so lu t ion , and nine 
drank the rehydrat ion so lu t ion . The l a t t e r two groups also received 
IV hydrat ion whenever necessary to maintain plasma spec i f i c grav i ty of 
less Chan 1.030. The IV solut ion contained sodium chlor ide (5 g / l ) , 
sodium bicarbonate (4 g / l ) , and potassium ch lo r ide ( l g / 1 ) . The 
i n t r a g a s t r i c so lu t ion contained sodium chlor ide (4.22 g / l ) , sodium 
bicarbonate (4 g / l ) , potassium chlor ide (0 .5 g / l ) , and glucose (20 
g / l ) . The oral so lu t ion was the same as the i n t r a g a s t r i c except for 
the s u b s t i t u t i o n of potassium c i t r a t e (9.25 mEq/1) for potassium 
chlor ide to improve the t a s t e . The i n t r a g a f t r i c so lu t ion was infused 
at a r a t e of 750 cc per hour for those p a t i e n t s weighing more than 25 
kg and at 500 cc per hour for those weighing l e s s . 

Pa t i en t s rece iv ing i n t r a g a s t r i c perfusion required 78.8% less IV 
fluid than c o n t r o l s , while those p a t i e n t s dr inking rehydrat ion fluid 
required 81% less IV f luid than con t ro l s ( these percentages include 
the i n i t i a l IV rehydrat ion which a l l p a t i e n t s rece ived) . A net 
pos i t ive gut f lu id balance was achieved in less than eight hours in 
80% of p a t i e n t s receiving i n t r a g a s t r i c or oral f lu ids . Serum 
e l e c t r o l y t e s were normal throughout the s tudy , in a l l p a t i e n t s . No 
increased s tool output was noted in e i t h e r i n t r a g a s t r i c or o ra l ly 
t rea ted p a t i e n t s v i s - a - v i s c o n t r o l s . 

The study demonstrated that an oral rehydrat ion solut ion can 
provide maintenance f luid and e l e c t r o l y t e s to cholera pa t i en t s and 
tha t , in the au thor s ' opinions, mild cases of cholera (those 
present ing without shock) may be t rea ted sole ly with an o ra l so lu t ion . 

14. Olsen WA et a l , The role of sodium in i n t e s t i n a l glucose 
absorption in man, J Clin Inv 47:1133-1142, 1968. 

The authors wished to determine whether sodium p a r t i c i p a t e s in 
c a r r i e r - f a c i l i t a t e d entry of glucose into i n t e s t i n a l c e l l s or whether 
i n t r a c e l l u l a r sodium produces the energy requi red for the "uph i l l " 
t ranspor t of sugars . 

Twenty-four "heal thy young people" were s tudied on 53 occasions. 
Their small bowels were infused with one of two groups of so lu t ions : 
one group conta in ing various concentra t ions of glucose ( 1 . 0 , 1.7, 3 .4 , 
6 .0 , 11 .1 , 20.0, 27.8 mmol/1) and 140 mEq/1 of sodium and the second 
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group containing glucose (same concentrations as above) and mannitol 

as an osmotic replacement for sodium. One infusion followed the other 

in each subject. Serum and intraluminal concentrations of sodium and 

glucose were determined, as were intraluminal concentrations of a 

non-ahsorbnble polyethylene glycol (PEG) marker. 


Si»rum glucose did not change appreciably in any of the studies in 

which it was measured. When sodium was infused, intraluminal sodium 

concentration was always 140 mEq/1. During sodium infusions, 

intraluminal PEG concentration always increased, indicating net 

absorption of water, (although this effect diminished in distal 
portions of the bowel). Dilution of PEG occurred when sodium-free 
solutions were infused. 

Significant (p less than 0.01) inhibition of uphill glucose 

absorption (i.e., when infusate glucose concentration was less than 

serum) occurred when sodium was replaced by mannitol or tris-HCl. 

"Downhill" glucose absorption was not impaired. Hypotonic infusions 

(without sodium, containing less mannitol) did not enhance glucose 

transport and may have inhibited it (PEG concentrations increased, 

indicating water absorption). 


After typical meals, intraluminal glucose concentrations were all 

greater than 6.0 mmol/1, a level at which downhill absorption occurs 

and sodium is not necessary. The amount of sodium required for 

optimal absorption of glucose was inversely related to intraluminal 

glucose concentration. 


15. Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1968. 


To determine whether glucose-enhanced sodium and water absorption 

occurs in the small bowel of persons with cholera, 9 adult males 

hospitalized with severe V. cholera, (El tor, Ogawa) infections were 

studied. Two oral solutions were used; solution 1 contained (in 

mEq/1): Na+- 118, K+-8.5, CI"-86.5, HCOJ -40, and glucose 

40 mmol/1; and solution 2 contained (in mEq/1): Na+-110, K+-90, 

CI"-79, HCOf -40 and glucose 160 mmol/1. All patients initially 

received 12 hours of IV therapy followed by 12 hours of intragastric 

infusion of one of the 2 solutions. This was followed by an 

additional 12 hours of IV therapy. Intake, output, specific 

gravities, and serum electrolytes were monitored. 


Net stool losses of water and electrolytes were less during the 

intragastric infusions. Significantly greater volumes of the 

40 mmol/1 glucose solution (No. 1) were required to improve net water 

balance vis-a-vis the 160 mmol/1 glucose solution (No. 2). Stool 

volumes were significantly greater in the patients receiving solution 

No. 1 than in those receiving solution No. 2. One patient in each 
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group received supplemental IV fluid during i n t r a g a s t r i c infusion 
because of e levated plasma1 spec i f ic g r a v i t i e s ; one of these p a t i e n t s 
had s ign i f i can t vomiting. 

Absorption of water and e l e c t r o l y t e s was documented in both study 
groups and water, e l e c t r o l y t e , and acid-base balances were maintained 
in pa t i en t s with severe cholera . 

The 160 mraoj'l. glucose solut ion was b e t t e r absorbed as evidenced 
by smaller scool output and reduced f luid requirement in p a t i e n t s 
receiving solut ion No. 2. 

This early study demonstrated the po t en t i a l usefulness of o ra l ly 
administered g l u c o s e - e l e c t r o l y t e solut ions in the c l i n i c a l management 
of cholera . 

16. Pierce NF et a l , Effect of i n t r a g a s t r i c g l u c o s e - e l e c t r o l y t e 
infusion upon water and e l e c t r o l y t e balance in As ia t ic cholera , 
Gastroent 55:333-343, 1968. 

I n t r a g a s t r i c infusion of a g lucose -e l ec t ro ly t e so lu t ion was used 
to determine whether glucose absorption occurs in cholera p a t i e n t s and 
whether adminis t ra t ion of such a solut ion would a l t e r cholera s tool 
production or composition. The ef fec t of the solut ion on water, 
e l e c t r o l y t e , and acid-base balance in cholera p a t i e n t s with severe 
diarrhea was a lso s tud ied . 

Fourteen hosp i t a l i zed adul t s with severe dehydration, high 
s tool ing r a t e s , and cul ture-proven V. cholerae infec t ion were 
administered intravenous hydration to co r rec t d e f i c i t s and then 
received one of 3 o ra l rehydrat ion so lu t ions pumped i n t r a g a s t r i c a l l y . 
None of the p a t i e n t s had received a n t i b i o t i c s . The so lu t ions varied 
in glucose concentra t ion from 40 to 220 mmol/1, Na+ from 118 to 101, 
K+ from 8.5 to 9 .0 , Cl~ from 86.5 to 74 .5 , and HCOJ from 40 to 
35 mmol/l. IV hydrat ion was used during cont ro l periods when o ra l 
fluid was not administered or when oral f luid infusion could not 
maintain water balance. In take, output , f lu id and e l e c t r o l y t e 
balances , plasma chemist r ies and speci f ic g r a v i t i e s were monitored. 
Admission data were not s i gn i f i c an t l y d i f f e ren t in the 3 treatment 
groups nor were there s ign i f i can t d i f ferences a f t e r the i n i t i a l IV 
hydrat ion. 

Pos i t ive water balance and decreased net e l e c t r o l y t e loss during 
ORS infusion were demonstrated. Although ac tua l s too l output 
increased on i n t r a g a s t r i c infusion, the net balance of water and 
e l e c t r o l y t e s improved. Stool composition s tud ies showed glucose 
present in s too l s of only 2 p a t i e n t s while sodium and chlor ide 
concentra t ions decreased and bicarbonate increased as i n t r a g a s t r i c 
treatment progressed. Vomiting was seen in only 3 persons . 
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A 160 nnol /1 g lucose -e l ec t ro ly te so lu t ion required oi.e-half the 
infusion r a t e to balance s tool losses as compared to a 40 mmol/l 
so lu t ion . No advantage was seen with a 220 mmol/l so lu t i on . In most 
of the p a t i e n t s , water, e l e c t r o l y t e , and ac id-base belances were 
maintained during 12 hour periods of i n t r a g a s t r i c ORS infusion. 

The complete absorption of glucose in a l l but 2 persons and the 
improvement of water and e l e c t r o l y t e balances were cons i s t en t with the 
postulated enhancement of water and NaCl absorption by ac t ive 
t ranspor t and by g lucose . Moreover, t h i s enhanced absorption gave no 
evidence of a l t e r i n g the mechanism by which cholera s too ls are 
formed. Of the three solut ions used, the 160 mmol/l glucose-
e l e c t r o l y t e solut ion demonstrated the h ighes t r a t i o of water and 
e l e c t r o l y t e absorption to concentrat ion of g lucose . 

17. Turnberg LA et a l , Mechanism of bicarbonate absorption and i t s 
r e l a t i o n s h i p to sodium t ranspor t in the human jejunum, J Clin Invest 
49:548-556, 1970. 

Using a constant perfusion technique, fac to rs a f fec t ing sodium and 
bicarbonate absorption from the gut were descr ibed . An unspecific 
number of normal persons as well as 11 persons with pernic ious anemia 
underwent infusion and gut content sampling s tud ies in which various 
e l e c t r o l y t e so lu t ions were used. 

Sodium absorption was markedly influenced by bulk water flow, 
being zero when flow was zero, and sodium was absorbed against an 
electrochemical gradient in the presence of b ica rbona te . Bicarbonate 
t ranspor t was shown to occur agains t a s teep electrochemical gradient 
and was inhib i ted by acetazolamide. 

These r e s u l t s indicated that a mechanism for ac t ive t ranspor t of 
sodium e x i s t s and tha t i t may be linked to absorpt ion of b icarbonate . 
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II . CLINICAL TRIALS 

With the encouraging resul ts of the i n i t i a l 
physiologic and c l i n i c a l s tudies , invest igat ions next 
sought to descr ibe e t i o l o g i c a l and host factors affect ing 
the eff icacy of ORT with a view towards formulating 
spec i f ic treatment regimens. A succession of t r i a l s 
yielded information on methods of ' a d m i n i s t r a t i o n , 
reduction of IV requirements and the l im i t a t i ons of ORT. 
More recent s tud ies have tes ted the f e a s i b i l i t y of 
de l ive r ing ORT in d i f fe r ing c u l t u r a l and n o n - c l i n i c a l , 
f ie ld s e t t i n g s . 

Chatteree HN, Control of vomiting in cholera and o ra l replacement 
f lu id , Lancet 2;1063, 1953 (see No. 2 ) . • 

Colle E i t al^ Hyper ton icdehydra t ion (hypernat remia) : the role 
of feedings high in s o l u t e s , P e d i a t r i c s 22:5-12, 1958 (see No. 5 ) . 

P h i l l i p s RA, Water and e l e c t r o l y t e losses in cho le ra , Fed Proc 
23:705-712, 1964 (see No. 9 ) . 

P h i l l i p s RA, et a l , Water and e l e c t r o l y t e absorption by the 
i n t e s t i n e in chole ra , Cholera Res Syrap Honolulu, 1965, pp. 299-311 
(see No. 11). 

Hirschhom N, Decrease in net s tool output in cholera during 
i n t e s t i n a l perfusion with glucose containing s o l u t i o n s , N Engl J Med 
279:176-181, 1968 (see No. 12) . 

Nalin DR et a l , Oral maintenance therapy for cholera in a d u l t s , 
Lancet 2:370-372, 1968 (see No. 13) . 

Olsen WA et a l , The ro le of sodium in i n t e s t i n a l glucose 
absorption in man, J Clin Invest 47:1133-1142, 1968 (see No. 14). 

Pierce NF et a l , Oral maintenance of w a t e r - e l e c t r o l y t e and 
acid-base balance in cho le ra : a prel iminary r e p o r t , Ind J Med Res 
6:640-645, 1968 (see No. 15) . 
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Pierce NF et a l , Effect of i n t r a g a s t r i c g l u c o s e - e l e c t r o l y t e 
infusion upon water and e l e c t r o l y t e balance in As ia t i c cholera , 
Gastroenterology 55:333-343, 1968 (see No. 16) . 

N a I i n DK et al^ Reduction of maintenance intravenous f luid needs 
in cholera by means of an oral therapeutic so lu t ion , J Pakistan Med 
Assoc 19:373-379, 1969 (see No. 69) . 

18. Pierce NF et a l ,Rep l acemen t of water and e l e c t r o l y t e losses in 
cholera by an oral g lucose -e l ec t ro ly t e so lu t ion , Ann I n t Med 
70:1173-81, 1969. 

This study examined the eff icacy of an oral rehydrat ion so lu t ion 
in providing maintenance therapy in males over the age of twenty with 
b a c t e r i o l o g i c a l l y proven ( " c l i n i c a l l y severe") cholera . 

All pa t i en t s were i n i t i a l l y t rea ted with IV f luids for s ix hours . 
They were then randomized to e i t h e r a control group, which continued 
to receive IV therapy, or a treatment group, which was given an 
i n t r a g a s t r i c oral fluid infusion to match output plus 100 cc per hour, 
with IV therapy added as necessary to maintain a plasma spec i f i c 
gravi ty of less than 1.030. The orogas t r ic so lu t ion contained sodium 
(100 mEq/1), potassium (10 mEq/1), chlor ide (70 mEq/1), bicarbonate 
(40 mEq/l) and glucose (120 mmol/1) with an osmolali ty of 327 mOsm/1. 

Controls did not d i f fe r demographically, c l i n i c a l l y , or 
biochemically from the orogas t r ic study p a t i e n t s at admission or at 
the conclusion of the s tudy. Total f lu id administered (from admission 
to the cessat ion of d ia r rhea) was g rea te r , but not s i g n i f i c a n t l y so, 
in the o rogas t r i c group. Although s tool output during o rogas t r i c 
replacement was 21% g r e a t e r then expected, measurements indicated that 
study p a t i e n t s re ta ined a mean of 87% of the o rogas t r i c so lu t ion . Net 
e l e c t r o l y t e balances deviated less from zero in study p a t i e n t s than in 
c o n t r o l s , although some study pa t i en t s had negative balances of 
individual e l e c t r o l y t e s . Study pa t i en t s did not d i f f e r from cont ro ls 
in t o t a l s tool volume, durat ion of d ia r rhea , or durat ion of v ib r io 
excre t ion . 

The authors maintained that t he i r i n t r a g r a s t r i e so lu t ion could be 
administered o r a l l y and tha t i t s eff icacy should be evaluated in 
chi ldren and persons with non-cholera diarrhea as wel l . 

19. Nalin DR et a l , Oral therapy for cholera , ( l e t t e r ) Ann In te rn Med 
72:288-289, 1970. 

This l e t t e r was in response to an a r t i c l e by P i e r c e , et al (see 
preceeding a b s t r a c t , "Replacement of water and e l e c t r o l y t e losses in 
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cholera by an oral glucose-electrolyte solution," Ann Intern Med 

70:1173-81, 1969). The authors felt the solution used by Pierce and 

Suck wan low in sodium (100 mEq/1) as compared to the concentration of 

sodium (120 mEq/1) found optimal in their studies. In the absence of 

glycine, which along with glucose enhances sodium absorption, patients 

treated with the solution containing 100 mEq/1 sodium might become 

dangerously hyponatremic. They presented the same argument for 

potassium (advocating 15 mEq/1, compared to the 10 mEq/1 recommended 

by Pier:e, Sack, et al). 


The authors also stated that recording intake and output 

measurements every 4 hours provides sufficient data and is less time 

consuming and less misleading than the "cumbersome" hourly intake and 

output monitoring of Pierce, Sack, et al. 


20. Pierce NF et al, Oral electrolytes in cholera, (letter) Ann Intern 

Mt>d 72:959, 1970. 


In this response to a critical letter by Nalin and Cash (see 

preceeding abstract) the authors noted that the designation of an 

"optimal" composition for oral rehydration solutions must await 

controlled studies comparing various solutions in children and adults 

with both cholera and acute non-cholera diarrhea. The results of 

their studies and the studies of Nalin and Cash indicated that both 

solutions were equally effective in cholera therapy, they felt, and 

probably no single ideal oral replacement solution would be found. 


21. Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1969 (see No. 15). 


An oral rehydration solution (containing in mEq/1: Na+-100, 

K+-10, Cl-70, HCOJ 40, and glucose 120 mmol/1) was compared to 

intravenous therapy in a controlled treatment trial of hospitalized 

cholera patients in order to evaluate the effectiveness of oral 

solution in maintaining water, electrolyte, and acid-base balance. 


Twenty adult males with bacteriologically confirmed severe 

(hypotension) cholera were treated for 6 hours with intravenous 

therapy to correct their dehydration and metabolic acidosis. Each 

patient received tetracycline therapy. At the end of 6 hours of 

therapy the patients were randomly assigned to either a control group 

(continued IV therapy plus up to 500cc of water orally per 12 hours) 

or to an orogastric group in which calculated volumes of the oral 

solution were administered by a nasogastric tube. In addition to 

bacterial cultures, serial stool compositions and plasma chemistries 

and pH measurements were assessed in each patient. 


The two groups were similar with respect to history, physical 

examination, and laboratory ' findings except that mean plasma 
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bicarbonate was significantly lower in the control group. Only 1 of 

the 10 orogastrically-treated patients required additional IV fluid, 

and he had the most severe diarrhea of those studied-greater than one 

liter/hr. Significantly less IV fluid was required by the orogastric 

group. The total stool output, duration of diarrhea, and duration ot 

detectable vibrio excretion were similar in the 2 groups. 


Plasma studies showed that fluid, electrolyte, and acid-br,se 

balance were maintained by oral fluid therapy. Except for one 

orogastric patient who received the largest volumes of OG fluid, 
significant vomiting was not seen. No mortality nor "unusual" 
morbidity was noted. 

In demonstrating that oral fluid can maintain satisfactory water, 

electrolyte, and acid base-balance while reducing the requirement for 

IV fluids, oral rehydration therapy proved to be a successful, easily 

administered, and inexpensive adjunct to IV therapy. 


22. Bart KJ, Pediatric cholera, pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1970. 


This review article on treatment of pediatric cholera briefly 

discussed the V. cholerae organism, cholera infection, and detailed 

primarily intravenous and antibiotic methods of treatment. An oral 

therapy solution no longer recommended (in mEq/1: Na+120, K+25, 

HCOJ 48, Cl~97, in a 2% glucose solution) was described. The main 

advantage of oral therapy noted by the author was that it could reduce 

the need for over 75% of the intravenous maintenance requirements. 


23. Cash RA et al, A clinical trial or oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyg 19:653-656, 1970. 


The use of oral rehydration therapy (ORT) to treat cholera 

patients was assessed in a large-scale clinical trial at a rural 

treatment center in Bangladesh. Persons over 15 years of age with 

severe dehydration and no underlying disease were included in the 

study. Clinical assessment, weights, fluid balance measurements, and 

bacterial cultures were obtained on each of 135 patients. 


The oral solution was composed of (in mEq/1): Na+-120, K+-15, 
Cl~-72, HCOf 48, and glucose 110 mmol/1. Patients were initially 
rehydrated with IV therapy and were given ORT as soon as they were 
alert. The oral solution was administered both oro- and 
naso-gastrically. When oral intake exceeded the volume of stool and 
vomitus output, IV hydration was stopped. Each patient was treated 
with tetracycline. 
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ORT successful ly maintained pos i t i ve f luid and e l e c t r o l y t e balance 
in 133 of 135 pa t i en t s with cul ture-proven V. cholerae i n f ec t i on . The 
2 treatment f a i l u r e s occurred in 1 person who died (The death was not 
f e l t to be d i r e c t l y a t t r i b u t a b l e to cholera or to therapy) and in 1 
person with p e r s i s t e n t vomiting. Oral rehydrat ion was the sole 
therapy in 12 moderately dehydrated p a t i e n t s who were successful ly 
rehydrated. 

Comparing th is treatment group to a group of 135 persons t rea ted 
with IV therapy during a previous epidemic, the i n v e s t i g a t o r s found a 
70X reduction in use of IV f l u i d s . Oral therapy was shown to be an 
e f fec t ive method for supplying maintenance f luids in conjunction with 
IV hydration of severely dehydrated pa t i en t s and was the successful 
sole therapy for 12 moderately dehydrated persons. 

Cash RA et a l , Rapid co r rec t ion of ac idos i s and dehydration of 
cholera with oral e l e c t r o l y t e and glucose so lu t ion , Lancet 2:549-550, 
1970 (see No. 70) . 

24. Mahalanabis D et a l , Water and e l e c t r o l y t e losses due to cholera 
in infants and small ch i ld ren : A recovery balance study, P e d i a t r i c s 
45:374-385, 1970. 

Cholera s tool e l e c t r o l y t e compositions were determined in ch i ldren 
in the following age groups: less than 2 years , less than 5 yea r s , 
and 5-10 years , and the r e s u l t s compared to e l e c t r o l y t e concentra t ions 
in s t oo l s of adul t s with cho le ra . I l e a l f lu id compositions in 4 
chi ldren 4-6 years of age with cholera , were also compared to those 
found in adul ts with cho le ra . Complete recovery f luid and e l e c t r o l y t e 
balance s tudies were done in 6 chi ldren less than 2 years of age with 
cholera . Stool compositions of group of heal thy ch i ld ren were a l so 
measured. 

In severely dehydrated cases , one of tvo approximately i so ton ic 
so lu t ions were given in t ravenously during the f i r s t hours of 
t rea tment . A second so lu t ion was given over the succeeding 7 hours to 
complete rehydra t ion , and a t h i r d IV solut ion was used for 
maintenance. Oral t e t r a c y c l i n e was given and water and r e c o n s t i t u t e d 
powdered milk feedings were begun 24 to 48 hours a f t e r admission. 
Intake and output volumes along with s tool and urine compositions were 
ca re fu l ly monitored. Fluid balance s tud ies continued 5 to 8 days—at 
l e a s t 2 days a f t e r IV f lu ids were stopped, s tools were formed, and 
milk feedings were t o l e r a t e d . 

The e l e c t r o l y t e composition of the s tools of ch i ldren in the 3 age 
groups were not s i g n i f i c a n t l y d i f f e r en t , but the sodium and CO2 
content were s i g n i f i c a n t l y lower and the potassium content 
s i g n i f i c a n t l y higher than in s too l s of adu l t s with cho le ra . As the 
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rate of stool I o n in ch i ld ren decl ined, sodium loss decreased while 
potassium loss increased. 

This study showed that the s tool composition in ch i ldren with 
cholera d i f fe rs from tha t of a d u l t s . The authors presented a 
biochemical basis for r a t i ona l guidel ines to fluid and e l e c t r o l y t e 
replacement in p e d i a t r i c cho le ra . Replacement therapy should be 
s imi la r to that used in infant d iarrhea with i so tonic dehydrat ion, 
emphasizing rapid r e s t o r a t i o n of ef fec t ive ,p lasma volume. 

25. Nalin DR et a l , Oral or nasogas t r ic therapy for cho le ra , WHO 
Public Health Paper No. 40, Chapter 11, 1970, pp. 73-76. 

This chapter described the r a t i o n a l e and mechanics of opera t ing a 
treatment center-based oral maintenance therapy program for cholera 
p a t i e n t s . A f luid composed of ( in mmol/i): glucose-110, NaCl-72, 
NaHC03~48, and KC1-25 was administered both o r a l l y and 
nasogas t r i ca l ly to ch i ldren and a d u l t s . Pa t i en t s were given nothing 
by mouth except the oral so lu t ion and t e t r a c y c l i n e . Intravenous 
f lu ids were used if d iar rhea volume s i g n i f i c a n t l y exceeded o ra l 
i n t ake . Although vomiting was frequently encountered in cholera 
p a t i e n t s , most could t o l e r a t e o r a l so lu t ion . 

The oral maintenance so lu t ion was e f fec t ive in maintaining 
pos i t i ve water and e l e c t r o l y t e balance and g rea t ly reduced the need 
for use of IV f l u i d s . 

Nalin DR i t a\~, Oral Cor nasogas t r ic ) maintenance therapy for 
cholera pa t i en t s in a l l age-groups, Bull WHO 43:361-363, 1970 (see No. 
4 6 ) . 

Nalin DR, Oral or nasogas t r i c maintenance therapy for d ia r rhea of 
unknown aet iology resembling chole ra , Trans Roy Soc Trop Med Hyg 
64:769-771, 1970 (see No. 4 7 ) . 

26. Sack RB et a l , The use of o r a l replacement so lu t ions in the 
treatment of cholera and other severe d iar rhoeal d i so rde r s , Bull WHO 
43:351-360, 1970. 

This control led study examined the eff icacy of an ora l rehydrat ion 
so lu t ion in providing maintenance f luids and e l e c t r o l y t e s to 
hosp i t a l i zed persons with cholera and severe non-cholera d i a r rhea . 
The e f fec t of adding charcoal to the solut ion was also eva lua ted . 

Fif ty-one males (above the age of 15 years) with watery d iar rhea 
of less than 24 hours dura t ion , no a n t i b a c t e r i a l medication p r io r to 
h o s p i t a l i z a t i o n , and with hypotension on admission were included in 
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Che s tudy. Ser ia l in take , output , f luid and e l e c t r o l y t e ba lances , 
plasma chemis t r ies and spec i f i c g r a v i t i e s , and v ib r io excre t ion r a t e s 
were followed. After 3 hours of i n i t i a l intravenous (IV) rehydra t ion , 
Che p a t i e n t s were randomly assigned to one of 3 groups. A con t ro l 
group received IV replacement therapy along with small amounts of o ra l 
water ad l ibi tum. Calculated volumes of ora l f luid ( in mEq/1: 
Na*-90, Cl"-56, HCOJ" -30 , and glucose 115 mmol/1) or oral f luid 
plus charcoal (in mEq/l; Na+-89, K*-10, C l - 5 7 . 5 , and glucose 
-97 mmo!/l) were administered to the other 2 groups. 

Fluid and e l e c t r o l y t e balances for both cholera and non-cholera 
p a t i e n t s were maintained equal ly well in the three treatment groups. 
No treatment fa i lures using oral fluid occurred in the non-cholera 
group; of the 3 f a i l u r e s in the cholera treatment group, one 
temporarily refused to take ORS and 2 had excessive vomiting of the 
ORS-charcoal so lu t ion . There were no s ign i f i can t increases in the 
dura t ion of d ia r rhea , durat ion of v ib r io excre t ion , or in volume of 
s too l produced in those Created with ORS. The addi t ion of charcoal to 
oral fluid was associated with a s i gn i f i c an t increase in the volune of 
d i a r rhea l s too l s and in prolongation of v ib r io excre t ion . 

Oral rehydration was shown to be an inexpensive and e f f ec t i ve 
method for providing maintenance f lu ids to persons with severe cholera 
and non-cholera d i a r rhea . The addi t ion of charcoal proved to be of no 
b e n e f i t . 

27. Nalin DR, Oral or nasogas t r ic maintenance therapy in p e d i a t r i c 
cholera p a t i e n t s , Trop ped 78;355-358, 1971. 

Fluid and e l e c t r o l y t e balance s tud ies were performed on 12 
Bangladeshi ch i ldren , aged 2 to 9 years , hosp i ta l i zed with severe 
cholera in order to determine whether a g lucose -e l ec t ro ly t e so lu t ion 
given o r a l l y or by nasogastr ic tube could maintain pos i t i ve water and 
e l e c t r o l y t a balance in p a t i e n t s in the p e d i a t r i c age group. 

Intravenous f luids were used to rehydrate the severely dehydrated 
ch i ld ren on admission. Fluid intake and output , s e r i a l weights , and 
plasma chemistr ies were ca re fu l ly evaluated. After i n i t i a l 
r ehydra t ion , oral rehydrat ion so lu t ion ( in mEq/1: Na+-120, K+-25, 
HCO3" - 4 8 , Cl~-97, and glucose-110 mmol/1) was administered e i t h e r 
o r a l l y or by nasogastr ic tube and the IV r a t e was slowed. NG tubes 
were of specia l benefi t in those chi ldren who did not drink enough 
v o l u n t a r i l y to match s tool volumes. Nothing was given by mouth except 
ORS and t e t r a c y c l i n e . 

Eight of the 12 chi ldren required no IV therapy for maintenance 
f lu ids and the other 4 required small amounts of IV f lu id only during 
the f i r s t 8 hours of treatment with oral f l u id . No e l e c t r o l y t e 
abnormal i t ies ware observed and pos i t i ve water and e l e c t r o l y t e 
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balances were demonstrated. No glucose was found in the s t o o l s , 
ind ica t ing complete absorp t ion . 

Ped ia t r i c cholera p a t i e n t s were shown to absorb oral f luid in 
su f f i c i en t quant i ty to maintain pos i t i ve fluid and e l e c t r o l y t e 
ba lance . A decreased requirement for IV fluid was demonstrated. 

28. Hirschhorn N et a l , Oral fluid therapy of Apache chi ldren with 
acute infec t ious d ia r rhea , Lancet 2:15-18, 1972. 

This study assessed the use of ora l rehydration therapy combined 
with ear ly and uncomplicated feeding of 68 Apache chi ldren (median age 
13 months) admitted to hosp i t a l with d i a r rhea . The ch i ld ren , 25% of 
whom had signs of undernu t r i t ion , were evaluated c l i n i c a l l y , with 
s e r i a l weights, plasma and s tool chemis t r i e s , careful f luid balance 
s t u d i e s , and s too l cu l tu res for b a c t e r i a l pathogens. 

Children who were conscious and had bowel sounds were rehydrated 
with ca lcula ted volumes of ora l fluid ( in mmol/1: Na+-90, K+-20, 
Cl~-65, HCOJ" - 4 5 , and glucose) and received e i t he r cow's milk or 
one of 2 hypotonic (Na+-19 mmol/1) commercial formulas containing 
casein hydrolysa tes , medium-chain t r i g l y c e r i d e s , e l e c t r o l y t e s , and 
glucose . Fluid was administered by professional and non-professional 
personnel . 

About 40% of the chi ldren showed signs of dehydration, and 5 were 
in shock on admission. Admission e l e c t r o l y t e abnormal i t i es , including 
hyponatremia and a c i d o s i s , were corrected during therapy. When 
compared to Apache ch i ld ren hosp i t a l i z ed the previous summer, there 
was no evidence that i n s t i t u t i o n of ear ly feeding predisposed to 
re lapse of d ia r rhea . 

ORS was shown to be ea s i l y administered by profess ional and 
non-professional personnel with a minimum of t r a i n i n g . Severely 
dehydrated chi ldren required only p a r t i a l rehydration with intravenous 
f lu ids before o ra l therapy was begun. Although a matched con t ro l 
group was not used, the study indicated that i n i t i a t i o n of ea r ly and 
uncomplicated feeding during a d i a r rhea l episode may not predispose to 
re lapse of d ia r rhea . The effect of such ear ly feedings on the 
durat ion of a d iar rheal episode could not be assessed. 

Hirschhorn N et a l , Ad l ibitum ora l g lucose -e l ec t ro ly t e therapy or 
acute diarrhea in Apache ch i ld ren , J Ped ia t r 83:562-571, 1973 (see No. 
50) . 

29. Ludan AC, The eff icacy of o ra l e l e c t r o l y t e f luid in the therapy of 
d i a r rhea , J Ph i l ip Med Ass 49:243-252, 1973. 

Intravenous (IV) and o r a l rehydra t ion therap ies ware compared for 
f luid balances in F i l i p i n o chi ldren hosp i ta l i zed with acute 
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g a s t r o e n t e r i t i s . I n i t i a l hydrat ion defee i t 8 had been corrected by 8 
hours of IV f l u i d s . Thir ty ch i ld ren aged 2 months to 6 years with 
mild to moderately severe dehydration but without c l i n i c a l evidence of 
malnu t r i t ion or concomitant ser ious i l l n e s s were randomly assigned to 
one of two groups. The control group received IV therapy, and the 
study group received a commercial rehydrat ion f luid ( in mEq/1; 
Na*-30, K*-20, Ca+ +-4, Mg++-4, Cl_-30, l a c t a t e - 8 , 
c i t r a t e - 1 0 , HCO3"-10, glucose-not g iven) . 

Both groups of ch i ldren increased the i r admission weight on 
therapy and showed no s t a t i s t i c a l difference in u r ine , s t o o l , and 
vomitus output nor in Na+, K+, or HCOJ levels a f t e r 24 hours of 
t rea tment . All 13 chi ldren t r ea ted with IV therapy and 15 of 17 
receiv ing oral fluid had completely recovered by 24 hours . The 2 
ch i ld ren who had received o ra l f lu id and had minimal dehydration a t 24 
hours had vomited the i r i n i t i a l feedings. 

A low-sodium oral so lu t ion was shown to provide adequate 
maintenance therapy in most chi ldren whose fluid d e f i c i t s were 
i n i t i a l l y corrected by IV hydra t ion . Since o ra l f luid was a lso e a s i e r 
and less expensive to adminis ter , i t was recommended for use as the 
maintenance fluid for ch i ld ren with acute d ia r rhea . 

Mahalanabis D et a l , Oral f lu id therapy of cholera among 
Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973 (see No.71). 

30. Mazumdar H et a l , Oral rehydrat ion in g a s t r o e n t e r i t i s in c h i l d r e n , 
Indian Ped ia t r i c s 10:315-322, 1973. 

To assess the ef fect iveness of using ora l rehydrat ion so lu t ions to 
t r e a t chi ldren with dehydration from acute g a s t r o e n t e r i t i s , 30 
hosp i t a l i zed Indian ch i ld ren , aged 17 days to 5 years , were o r a l l y 
rehydra ted . Intravenous (IV) f lu ids were used only for the treatment 
of shock and for p e r s i s t e n t vomiting. 

On admission 12 ch i ldren had severe dehydration, 9 moderate, and 9 
mild. Eight chi ldren received i n i t i a l IV therapy - three for shock 
and 5 for pe r s i s t en t vomiting. Of the 22 chi ldren who received 
i n i t i a l oral therapy (composition c lose ly approximating the 
WHO-recommended so lu t i on ) , 2 subsequently required IV f l u i d s . Both 
ora l and nasogastr ic adminis t ra t ion were used. No s tool pathogens 
were found on s too l c u l t u r e . 

Two chi ldren died; a 3-month-old who received oral and IV f l u i d s 
before developing p a r a l y t i c i l eus and a 5-month-old who i n i t i a l l y did 
well on oral fluid but then became severely dehydrated and developed 
p a r a l y t i c i l e u s . The remaining 28 ch i ld ren (8 on IV's and 20 on o r a l 
f lu id ) r a r e adequately rehydrated and discharged. 
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This non-controlled study showed that oral therapy could be used 
successful ly to t r e a t dehydrated ch i l d r en , even some with severe 
dehydrat ion. However, the deaths of 2 in fan t s demonstrated the need 
for intravenous f luids and careful f lu id and e l e c t r o l y t e monitoring in 
complicated p a t i e n t s . 

3 1 . Mah^lanabis D et a l , Use of an o ra l . g lucose -e l ec t ro ly t e so lu t ion 
in the treatment of paed ia t r i c cholera - a control led study, J Trop 
Pedia t r Environ Health 20;82-87, 1974. 

A control led t r i a l comparing intravenous hydration with 
intravenous plus o ra l therapy was ca r r i ed out in 32 chi ldren under 6 
years of age hospi ta l ized in Calcut ta for watery d iar rhea du« 
pr imar i ly to V. cholerae in fec t ion . The ch i ld ren , who had received no 
previous a n t i b i o t i c therapy and were approximately 10% dehydrated on 
admission, were randomly assigned to 3 groups. A cont ro l group of 15 
ch i ldren received IV therapy and 5% oral glucose ad_ l ib i tum. The 
study group of 17 chi ldren was divided in to 2 treatment s e c t i o n s , A 
and B. Children in Group A received IV therapy for 3 hours , a f t e r 
which the remainder of t h e i r d e f i c i t s , maintenance f luid needs and 
replacement of ongoing losses was supplied by oral or nasogas t r ic 
admin is t ra t ion of an ora l rehydra t ion so lu t ion (containing 80 mEq/1 
Na+ and 15 mEq/1 K+). The 9 ch i ld ren in Group B received 8 hours 
of IV therapy to replace t h e i r f lu id and e l e c t r o l y t e d e f i c i t s before 
beginning oral rehydrat ion. Rehydration was monitored by use of 
s e r i a l c l i n i c a l assessments, hematocr i t s , e l e c t r o l y t e s , and plasma 
spec i f ic g r a v i t i e s . Each of the 32 chi ldren received t e t r acyc l i ne and 
4 mEq/kg of o ra l potassium hydrogen c i t r a t e per 24 hours . 

One chi ld in Group A died, presumably due to a s p i r a t i o n of 
vomitus, and p e r s i s t e n t vomiting caused 3 of the remaining 7 ch i ld ren 
in the group to required add i t iona l IV therapy a f t e r i n i t i a t i o n of 
o ra l therapy. The mean hemodynamic measures of the survivors of the 
cont ro l and both treatment groups were within normal l imi t s at the end 
of therapy. 

Under these condi t ions , i n i t i a l IV rehydration of severe 
dehydration was needed to cor rec t f lu id and e l e c t r o l y t e d e f i c i t s . Use 
of nasogas t r ic adminis t ra t ion of oral f luid may have improved r e s u l t s , 
e spec ia l ly in the chi ldren with vomit ing. Requirements for 
intravenous fluid volume needed to t r e a t ped ia t r i c cholera were 
reduced by use of o ra l rehydra t ion . 

32. De S et a l , Oral f lu id therapy for cholera and non-choleraic 
d ia r rhoeas in ch i ld ren , J Comm Pis 7:124-128, 1975. 

To assess the eff icacy of o ra l rehydrat ion treatment of p e d i a t r i c 
d ia r rhea caused by V^ cholerae and non-V. cholerae pathogens, 80 
h o s p i t a l i z e d , dehydrated Indian ch i ld ren l e s s than 5 years of age were 
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treated with either oral therapy or intravenous fluid. Each child 

weighed less than 15 kg and was 8 to 10Z dehydrated. The children 

were alternately assigned to either the oral or intravenous therapy 

group (except the final 8 children who were given oral therapy), and 

all received tetracycline. The oral solution contained 3.5 g NaCl, 

2.5 g NaHCC>3, 1.5 g KC1, and 20.5 g glucose dissolved in 1 liter of 

water. 


Recovery was successful in 40 of the 44 children receiving oral 

therapy and in all 36 who received IV1s. Because of vomiting, refusal 

to drink, and/or severe diarrhea, 4 children who were started on oral 

therapy were subsequently treated intravenously. 


In a majority of cases small children with significant dehydration 

managed under close supervision were shown to be effectively 

rehydrated by means of oral therapy. Reduced cost and ease in 

preparing and administering oral therapy as compared to intravenous 

therapy were emphasized. 


Baral MR, Experience with 100 diarrhoea casas treated at Narayani 

Zonal Hospital Rehydration Therapy Centre, Birgunj, J Nep Med Assoc 

13:77-87, 1975 (see No. 92). 


33. De S, Oral glucose-electrolyte solution in the treatment of 

cholera and other diarrhoeas, J Ind Med A 65:230-232, 1975. 


This study assessed the use of oral rehydration in 118 males, aged 

6 to 70 years, hospitalized with mild to severe diarrhea and 

dehydration. The oral solution consisted of (in mEq/1): Na+115, 

K+25, Ca++-4, Cl~62, SO4-4, PO4-5, HCO3 -48, lactate-4, 

citrate-25. 


The patients were divided into three groups: 60 with severe 

dehydration marked by blood pressures less than 80 nm Hg; 15 with 

moderately severe dehydration and blood pressures between 80 and 90 mm 

Hg; and 42 with mild dehydration and blood pressures greater than 90 

mm Hg. All were initially treated with oral fluid; intravenous (IV) 

hydration was used only if stool and vomitus output exceeded oral 

intake. Tetracycline was given to all patients. 


None of the patients died, and 84 required no IV therapy (53 of 58 

in the mild and moderately severe groups). All patients had vomiting 

but in only a few was vomiting persistent enough to require IV 

therapy. Stool culture results identified V. cholerae in 29 specimens 

and no pathogens in 89. 


Oral rehydration proved to be an inexpensive, effective, and 

easily administered mode of therapy, especially for mild and moderate 

dehydration. 
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34. Editorial, Oral glucose-elect'olyte therapy for acute diarrhea, 

Lancet 1:79-80, 1975. 


This review outlined the development of oral therapy as a 

practical and efficient method of treating diarrheal dehydration. To 

meet the realities of supply and preparation in underdeveloped areas, 

use of a single fluid having a WHO-recotnmended composition to treat 

persons of all age groups was supported. A combination of 

biophysical, medical and managerial technology will be needed the 

article stated, to ensure that the optimal oral solution will be 

available and effectively used at the home and village level. 


Moenginah PA et al, Oral sucrose therapy for diarrhoea (letter), 

Lancet 2;323, 1975 (see No. 52). 


Nalin DR, Sucrose in oral therapy for cholera and related 

Piarrhoes, Lancet 1:1400-1402, 1975 (see No. 53). 


Naik NV et al, Oral rehydration in acute gastro-enteritis in young 

children, Ind Pediatr 13:127-133, 1976 (see No. 56). 


Rahilly PM et al, Clinical comparison between glucose and sucrose 

additions to a basic electrolyte mixture in the outpatient management 

of acute gastroenteritis in children, Arch Dis Child 51:152-154, 1976 

(see No. 57). 


Bollag U, Cup-and-spoon rehydration of children with acute 

diarrhea, J Trop Ped Env Child Health 23:268-270, 1977 (see No. 101). 


Chatterjee A et al, Evaluation of a sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea, Lancet 1:1333-1335, 

1977 (see No. 58). 


Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Br Med J 1:839-840, 1977 (see No. 104). 


International Study Group, A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea, Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977 (see No. 75). 
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35. Lishnevsky MS et iTj Oralrehydrationtreatmentbenefits Lao 

children with diarrhoea, WHO Chron 31:421-22, 1977. 


In this study village health workers demonstrated the efficacy of 

oral rehydration therapy in Lao children with diarrhea. 


A test area (3 villages with 373 households, 1884 inhabitants, 356 

children aged 0-4) and control area (3 villages, 322 households, 2,223 

inhabitants, 406 children aged 0-4) with comparable demographic and 

socioeconomic characteristics and with equal access to the same 

district health center were chosen. The study period was six weeks, 

during which children with diarrhea in the test area were treated with 

oral fluid (WHO-recommended ORALYTE) prepared by health workers and 

administered by them and by mothers. Children in the control area 

were treated with traditional methods and breast feeding. 


Ninety children in both areas had attacks of gastroenteritis over 

the 6-week period (9 children had two attacks for a total of 99 

attacks'). Sixty-two percent of the cases were in children less than 2 

years of age. Twenty-two had clinical dehydration (only 5 were 

severe). Mean duration of illness was 2-4 days (range 1-10 days). 

There were no deaths. Thirty-six children had enteropathogenic E_̂  

coli, seven had shigella species and 56 had "acute undifferentiated 

diarrhoea." Oral rehydration was well accepted by mothers and 

children in the test area. The mean duration of diarrhea was not 

significantly different in the 2 groups of children. Test area 

children gained an average of 187 grams during their illness, while 

control children lost 170 grams (significance not noted). 


Oral rehydration was found to be acceptable and at least as 

efficacious as traditional therapy in this setting. 


Palmer DL et al, Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrhea, N Engl J Med 

297:1107-1110, 1977 (see No. 59). 


Sandle GI et al, Oral therapy in cholera (letter), N Engl J Med 

298:797-798, 1978 (see No. 61). 


36. Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea, WHO Chronicle 31:87-93, 1977. 


The problem of acute diarrhea and the physiological basis of oral 

therapy and its limitations were discussed in a concise and thorough 

manner. The effect of repeated diarrheal episodes on nutrition, 

growth, and development was also described. 
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The two major objectives of treatment, the authors stated, are the 

very early replacement of water and electrolyte losses to prevent or 

correct dehydration and the maintenance of adequate food intake to 

prevent malnutrition. Early treatment, the authors felt, can be 

accomplished by means of oral therapy solutions distributed at 

neighborhood or rural primary health centers and can be administered 

by instructed family members. Family members could potentially learn 

to institute treatment at home as soon as diarrhea starts. 


The WHO-recommended packet was described, and sucrose-electrolyte 

solutions were noted to be almost as effective as glucose-electrolyte 

solutions. To provide extra water requirements when the stool sodium 

concentration is lower than that in the oral solution, continued 

intake of water and oral feedings were encouraged. Normal renal 

function is essential to managing salt and fluid balances. 


Intravenous fluid therapy was recommended for persons with severe 

dehydration; those unable to drink because of fatigue, stupor, or 

coma; those with prolonged oliguria or anuria; those with severe and 

substained vomiting; the approximately 3% of persons with acute 

diarrhea who have serious glucose malabsorption; and those unable to 

orally replace their ongoing losses. Oral therapy has not been 
evaluated in premature infants or in babies less than 1 month old, 
(see abstract No. 44). 

Oral therapy has been shown to be a safe, effective method of 

treating mild and moderate acute diarrhea in children and adults. The 

mortality due to dehydration as well as the need for intravenous 

fluids have been greatly reduced. 


37. Barzgar MA et al, Evaluation of the effectivness of oral 

rehydration in gastro-enteritis in children under 3 years of age, West 

Azerbaijan, Iran, 1977, presented to the Regional Scientific Meeting 

on the Epidemiology of Enteric Infections of the International 

Epidemiological Association (Alexandria, May 27-31, 1978), WHO 

Document:Ent Inf WP No. 18. 


Two geographically and socioeconomically similar communities in 

northwestern Iran, both served by trained local family health workers, 

were chosen for study. All children aged 3 to 36 months who developed 

diarrhea between May 10, 1977, and September 29, 1977, were included 

in the study. Each child was examined and weighed daily during 

illness and weighed six months after illness. The children in the 

study community were given WHO-recommended oral rehydration salt 

solution (ORS or "Oralyte") and other fluids (breast milk, rice water, 

water, diluted cow's milk, and tea) during their diarrheal illnesses, 

while those in the other (control) community were given the same 

fluids except for ORS (Oralyte). 


Of two hundred thirty children with diarrhea in the study 

community, each cor.9umed a mean of 2.73 liters of oral rehydration 
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fluid during their illnesses. They were clinically comparable to the 

3300 ill children in the control community. Mean six-month weight 

gain were greater (p less than 0.01) in the study community for each 

age group studied. There was one fatality in the study community 

while seven children in the control village died. Oral rehydration 

was well accepted in the community where it was used. 


Despite some methodological defects (e.g., the etiologies of 

illnesses in the two villages were not' determined, limiting the 

comparability of the two groups of children), there is reasonable 

evidence presented in this study that the use of oral rehydration 

during childhood diarrhea may have a positive effect on diarrheal 

morbidity and mortality and may improve nutrition and post-episodal 

weight gain. 


Chatterjee A et al, Oral rehydration in infantile diarrhoea, 

Controlled trial of a low sodium glucose electrolyte solution, Arch 

Pis Child 53:284-289, 1978 (see No. 62). 


Fortin J et al, Dehydration scoring system for infants, J Trop 

Pediatr Env Child Health 24:110-114, 1978 (see No. 113). 


Moenginah PA et al, Sucrose electrolyte solution for oral 

rehydration in diarrhea, J Trop Ped Env Child Health 24:127-129, 1978 

(see No. 63). 


Nalin Dr et al, Comparison of sucrose and glucose in oral therapy 

of infant diarrhoea, Lancet 2:277-279, 1978 (see No. 64). 


Sack DA et al, Oral hydration in rotavirus diarrhoea: A double-

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978 (see No. 65). 


38. Seriki 0, Management of moderately severe dehydration by 

continuous intra-gastric infusion of electrolyte solution, Trop Doctor 

8:134-136, 1978. 


The effectiveness of nasogastric administration of an oral 

rehydration solution was tested in 15 dehydrated, hospitalized 

children greater than 6 months of age in Ibadan, Nigeria. Children 

with diarrhea of less than 3 days duration with approximately 7% 

dehydration were included in the study. The admission weights, 

clinical appearances, blood smears, hematocrits, stool cultures, serum 

ureas and electrolytes were evaluated but not the stool volumes, 

plasma specific gravities or osmolarities. Two oral solutions were 
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used: normal saline + 1/6 M lactate (Na*, approximately 158 mEq/1) 

to correct initial deficits and 0.45% normal saline in a 2.7X glucose 

solution for fluid maintenance. 


In 11 of the 15 children, clinical improvement and subsequent 

hospital discharge resulted. Because of either vomiting or profuse 

stooling, 3 children had to be switched to IV therapy. One child died 

12 hours after admmission, an 8 kg 2-year-old with marked hyponatremia 

and hypokalemia on admission. 


Nigerian children with moderate dehydration were treated with a 

hypertonic oral rehydration solution, most without difficulty. The 

death of the one child with electrolyte imbalance was probably not 

directly related to the oral therapy but serves as a reminder of the 

importance of electrolyte considerations when treating small children. 


39. Thomas K et al, Oral rehydration therapy in childhood diarrhea, a 

comparative study, Indian Ped 15:791-796, 1978. 


A comparison was made of intravenous (IV) and oral rehydration 

therapy to treat children hospitalized ; with dehydration from acute 

gastroenteritis in Kottayam, India. From 1970 to 1972, 1800 

consecutively-admitted children with diarrhea and dehydration were 

treated with conventional therapy, including IV fluids whenever 

necessary, and received no oral therapy. Beginning in 1972, the next 

1200 consecutively-admitted children with diarrhea and dehydration 

received oral therapy (closely approximating the WHO-recommended 

formula) unless dehydration was severe enough to require IV's. Most 

children in both groups presented with moderate to severe diarrhea. 

Fewer children in the orally-treated group, including those with 

severe diarrhea, required IV fluids. Those who received oral fluid 

required lower volumes and shorter durations of IV therapy than did 


"those in the IV-only group. The mortality rate was significantly less 

for the orally-treated group compared to the IV group, but infectious 

agents, concomitant illnesses, and causes of death were not listed. 


In the conventional therapy group, 38 of 454 children receiving IV 

fluids developed phlebitis and 8 children developed septicemia. Only 

one case of phlebitis and one case of septicemia were seen in the 48 

children receiving IV therapy in the orally-treated group. 


Despite the inherent risks of comparing results in non-matched 

patients, oral rehydration was shown to be an effective method of 

treating diarrheal dehydration, and use of oral therapy decreased the 

amount and duration of IV therapy needed with subsequent reduction of 

complications associated with IV use. 


Hutchins P et al, Comparison of oral sucrose and glucose 

electrolyte solutions in the out-patient management of acute 

gastroenteritis in infancy, J Hyg (Camb) 82:15-19, 1979 (see No. 66). 
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40, Naltn DR et al, Oral rehydration and maintenance of children with 
rotavirus md bacterial diarrhoeas, Bull WHO 57:453-459, 1979. 

To determine the usefulness of oral fluid in treating 

hospitalized, dehydrated infants with bacterial and viral diarrhea, 

oral therapy was administered in a setting where intravenous fluid had 

previously been used to treat such patients. Since animal studies had 

shown that rotavirus causes a defect in glucose-coupled sodium 

absorption, the author elected to compare the efficacy of oral therapy 

in treating bacterial vis-a-vis rotaviral diarrhea. 


The study included 62 Costa Rican children hospitalized for 

diarrhea and !> to 10% dehydration. Their nutritional levels were 

comparable to that of the general population. The WHO-recommended 

oral solution was used. Fluid was administered by nurses and 

auxiliaries and given by sips with no more than 100 cc permitted in 

any 20 m'nute period. 


Skin turgor was monitored to assess rehydration, and when normal, 

the child was switched to half-strength milk formula. Free water was 

encouraged. Serial weights and serum protein and electrolyte 

determinations were obtained and oral intake and stool, urine and 
vomitus outputs were closely monitored. Stools were cultured for 
bacteria and assayed (ELISA technique) for rotavirus. 

Using improvement in clinical and laboratory measures of 

dehydration as criteria, 94% of the infants were successfully 

treated. Although vomiting was common, the emesis volumes were small, 

infrequent, and had little effect on the results. No electrolyte 

abnormalities were seen. 


Four children required IV therapy: 2 who refused oral therapy, 

one who was hypotensive and had a complicating pneumonia on admission, 

and one child who showed clinical evidence of glucose malabsorption. 


This study showed oral therapy to be effective in treating almost 

all children with 5 to 10% dehydration caused by either bacterial 

pathogens or rotavirus. No electrolyte abnormalities were found at 

the end of therapy in either treatment group. Administering plain 

water may have helped children to tolerate intake of a sodium 

concentration higher in the oral solution than that excreted in their 

stools. By reducing the need for intravenous fluids, oral therapy was 

shown to be both cost-beneficial and less traumatic to patients. 


41. Nalin DR et al, The problem of emesis during oral 

glucose-electrolyte therapy given from the onset of severe cholera 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979. 


One assumption underlying the concept of home-based oral 

rehydration is that oral therapy given early would eliminate the need 
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for IV therapy. This assumption was tested in 57 U.S. adult 

volunteers who had experimentally-induced cholera as part of a vaccine 

study. 


Clinical cholera developed in 57 unvaccinated or ineffectively 
vaccinated volunteers after the ingestion of lO-* to 10° Vibrio 
cholera organisms. The incubation period was 37 +_ 2 hours (range 
11-63 hours). Cholera was defined by the production of at least three 
culture-positive liquid to watery stools within 24 hours. Twenty-six 
individuals received oral therapy with the Dacca formula (20 grams/1 
glucose, 4.2 grams/1 sodium chloride, 4.0 grams/1 sodium bicarbonate, 
1.8 grams/1 potassium chloride) in amounts equal to the volume of 

stool lost. Thirty-one patients received the WHO-recommended oral 

therapy formula (20 grams/1 glucose, 3.5 grams/1 sodium chloride, 2.5 

grams/1 sodium bicarbonate, 1.5 grams/1 potassium chloride) at 1.5 

times stool volume. All volunteers were allowed food and other 

beverages ad_ libitum. Serum electrolytes, plasma specific gravities, 

hematocrits, and intake and output were serially monitored. 

Intravenous therapy was initiated whenever water or electrolyte 

balance could not be satisfactorily maintained. 


Seventy-seven percent of the volunteers were maintained 

satisfactorily by oral therapy alone, and this proportion was 

independent of the formula of rehydration fluid used. In the 

successfully treated oral group, biochemical values were normal from 

onset to convalescence. The remaining 23% required intravenous 

therapy. Need for IV therapy was significantly related to total stool 

volume greater than 8 litres (p less than 0.003) and to emesis (p less 

than 0.001). Eighty-five percent of patients receiving IV fluids had 

diarrhea of greater than 50 hours duration. Use of nasogastric tubes 

did not curtail emesis. 


These data are relevant to field conditions because the fluid 

losses of the patients requiring IV therapy were similar to those in 

patients presenting in shock at the cholera treatment center in 

Dacca. The Dacca patients also typically give a history of vomiting, 

the authors pointed out, and "like the severely ill volunteers, would 

not be saved by oral therapy alone." The implication is that cholera 

mortality occurs in the severest cases and that the mortality in these 

cases would not be significantly reduced by encouraging home oral 

rehydration therapy. Severely ill patients will require judicious 

initial IV therapy at regional treatment centers to be followed by 

oral therapy. Since only 5% of all cholera cases become severely 

dehydrated, a widely available home-based rehydration program would 

expend a large amount of resources to reach only a few people. The 

authors felt that use of existing rural treatment centers to provide 

oral maintenance therapy for severe diarrhea and initial IV therapy to 


severely dehydrated persons would constitute a more effective use of 

resources. If practical and effective emesis control were to become 

available, it might be possible to treat even severe cases with oral 

therapy alone. 
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Rahaman NH et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy, Lancet 

2:809-812, 1979 (see No. 78). 


42. Fazil et al, Treatment of children with diarrhea with UNICEF's 

oral rehydration salts in rural areas by midwives, Unpublished 

Document. 


This study assessed the impact of oral rehydration therapy in 

rural Turkey. 


During the period July-August 1977, the authors investigated 169 

cases of diarrhea in children less than six years of age. Cases 

diagnosed as salmonellosis or shigellosis were excluded from the 

study. Midwives administered oral fluids to 124 of the children while 

45 were used as a control group. All children were seen by the 

midwife and the physician. Patients showing deterioration were 

hospitalized. Seven children in the control group and no children in 

the oral rehydration group required intravenous fluids. 


In addition, 23 of 50 pediatric outpatients were treated with oral 

fluids while 27 served as controls. Two of the controls required 

intravenous therapy and two died. No patients in the oral therapy 

group required hospitalization or intravenous therapy. 


In both the outpatient and the community study, weight gains after 

treatment were greater in the oral therapy group than in the control 

group. 


Hirschhorn N, The treatment of acute diarrhea in children: a 

historical and physiological perspective, Am J Clin Nutr (in press) 

(see No. 133). 


International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea 

(Part 1): Studies in two ambulatory care clinics (in preparation), 

(see No. 79). 


International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea 

(Part 2): Studies in seven rural villages (in preparation), (see 

No. 80). 


43. Nalin DR et al, Research on oral rehydration therapy for 

diarrhoeal dehydration, unpublished manuscript. 
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This paper presented a review of oral rehydration studies 
including discussions of composition, use in infantile diarrhea, 
nutritional benefit, and methods of delivery. Priority areas for 
future research were listed: investigation of the accuracy of salt 

and sugar solutions made at home and their impact on diarrheal disease 

morbidity and mortality; determination of the most suitable methods of 

administering the WHO-recommended solution to infants; evalution of an 

oral solution containing a higher potassium concentration; 

determination of the efficacy of adding other nutritional agents to 

ORS; assessment of the nutritional benefits of ORS; evaluation of 

antisecretory and anti-emetic agents as adjuncts to diarrhea therapy. 


Nalin DR et al , Comparison of low and high sodium and potassium 

content in oral rehydration solutions (in preparation), (see No. 67). 


44. Pizarro D et al, Rehidratacidn por la vfa oral en niflos menores de 

un mes de edad, unpublished manuscript. 


This paper examined the efficacy of oral rehydration therapy in 

infants less than one month of age. 


Forty children of both sexes, less than one month of age, with 

1-14% clinical dehydration secondary to acute diarrhea who presented 

to the emergency room of the National Children's Hospital, in San 

Jose, Costa Rica, were studied. After a brief examination and 

weighing, children were begun on oral rehydration solution (containing 

in g/1: sodium chloride 3.5, sodium bicarbonate 2,5, potassium 

chloride 2.25, and glucose 20?. Oral fluid was given 50 or 100 cc at a 

time with two parts solution followed by one part water. Mothers were 

taught to administer oral fluid and to recognize signs of 

dehydration. When these signs had disappeared, one-half strength 

formula or breast milk was begun. As feedings were tolerated and 

stooling had improved, the infants were sent home. Mothers were 

instructed to return if signs of dehydration reappeared. Stool 

cultures were obtained, and serum electrolytes were measured before 

and after initial rehydration was completed. Rotavirus and E. coli 

were the most common pathogens found in the stools. 


Thirty-nine children were successfully rehydrated orally and 34 

were successfully maintained orally. Five patients required 

readmission and all were successfully rehydrated again with oral 

therapy. Mean rehydration time was 8.23 hours, and mean time in the 

emergency room was 13.39 hours. Forty-five percent of patients stayed 

less than six hours and 90% stayed less than 15 hours. Bicarbonate 

level, pH, and osmolality were all significantly improved after oral 

therapy. Five of 8 patients with hyponatremia on admission were 

maintained with oral therapy alone and sodium values were normal for 

all but one at follow-up. No neurologic complications were 
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encountered. Potassium values after oral fluid administration were 

all within normal limits. There were no deaths. 


This study demonstrated that very young infants can be rehydrated 

and maintained successfully with oral therapy. 


45. Taylor PR et al, Oral rehydration therapy for treatment of 

rotavirus diarrhea in a rural treatment center in Bangladesh (accepted 

for publication, Arch Pis Child). 


Over a 5-week period at a rural Bangladesh treatment center, the 

WHO-recommended oral rehydration solution was used to treat 

hospitalized children less than 5 years of age presenting with 

diarrhea associated with ELISA-proven rotavirus infection. Brief 

histories and pretreatment weights were obtained and stool volumes 

recorded. 


Oral fluid was given ad_ libitum to 207 rotavirus-infected children 

with 5% or less dehydration and continued breastfeeding was 

encouraged. In 19 children with greater than 5% dehydration IV 

hydration was used to replace initial deficits while oral therapy was 

used for maintenance requirements. Children who could not ingest 

enough oral solution to keep up with stool and vomitus losses were 

considered treatment failures. 


The failure rate was 5%. Vomiting was statistically more frequent 

in the failures (82%) than in the successes (32%). 


The WHO-recommended oral rehydration solution was shown to be 

effective in treating mildly or non-dehydrated children with rotavirus 

infection in rural Bangladesh. Although stool sodium losses are 
generally much smaller in rotavirus diarrhea than in cholera, the 
90 mEq/1 of sodium in the solution caused no clinically evident 
problems. 
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III. COMPOSITION 


The studies abstracted in this section deal with the development 

and evaluation of a single oral rehydration solution for use in 

all ages with all types of diarrhea. 


To arrive at the WHO-recommended formula investigators have 

addressed several important points, among which are: the use of a 

single sodium concentration for all diarrheal cases, regardless of 

age-or etiology; the feasibility of substituting sucrose or other 

sugars for glucose; the effects of adjuvants such as glycine and 

antisecretory agents; determination of the optimal potassium 

concentration. 


Chatterjee HN, Control of vomiting in cholera and oral replacement 
fluid, Lancet 2:1063, 1953 (see No. 2). ' 

Harrison HE, The treatment of diarrhea in infancy, Pediatr Clin 

North Am 1:335-348, 1954 (see No. 4). 


Phillips RA et al, Water and electrolyte absorption by the 

intestine in cholera, Cholera Res Symp, Honolulu, pp. 299-311, 1965 

(see No. 11). 


Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose containing solutions, N Engl J Med 

279:176-181, 1968 (see No. 12). 


Nalin DR et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968 (see No. 13). 


Pierce NF et al, Oral maintenance of water-electrolyte and 

acid-base balance in cholera, a preliminary report, Ind J Med Res 

56:640-645, 1968 (see No. 15). 


Pierce NF et al, Replacement of water and electrolyte losses in 

cholera by an oral glucose-electrolyte solution, Ann Intern Med 

70:1173-1181, 1969 (see No. 18). 
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Nalin DR et aT] Oral therapy for cholera (letter), Ann Intern Med 

72:288-289, 1970 (see No. 19). 


Pierce NF et al, Oral electrolytes in cholera (letter), Ann Intern 

Med 72:959, 1970 (see No. 20). 


Nalin DR et al, Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969 (see No. 60). 


Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med 57:848-855, 1969 (see No. 21). 


Bart KJ, Pediatric cholera, Pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1970 (see No. 22). 


Cash RA et al, A clinical trial of oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyg 19:653-656, 1970 (see 

No. 23). 


Mahalanabis D et al, Water and electrolyte losses due to cholera 

in infants and small children, a recovery.balance study, Pediatrics 

45:374-385, 1970 (see No. 24). _ _ _  _ 


46. Nalin DR, et al, Oral (or nasogastric) maintenance therapy for 

cholera patients in all age groups, Bull WHO 43:361-363, 1970. 


Because of the greater potassium losses in stools of children with 

cholera, an oral rehydration solution was developed for children 

containing more potassium (25 mEq/1) than previous solutions. This 

solution was shown in this study to be effective in maintaining fluid 

and electrolyte balance in 56 children (age range not given) and 50 

adults treated at a field hospital with severe, uncomplicated, 

culture-proven cholera. 


Initial intravenous therapy was administered until signs of 

hypotension and dehydration disappeared. Calculated amounts of oral 

or nasogastric fluids (in mEq/1: Na+-120, K+-25, HCO3-48, 

Cl~-97, and glucose 110 mmol/1) were then given. Careful fluid 

balance measurements were kept, and serial plasma potassium 

determinations were performed on the 50 adults. 
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Following correction of severe dehydration by intravenous therapy, 

all patients were maintained in positive fluid balance with oral 

fluids alone. Of the children studied, 80% were in positive fluid 

balance within ft hours of instituting oral therapy. Vomiting was 

commonly seen but not in volumes sufficient to affect oral fluid 

administration. Plasma potcssium levels monitored in the adults were 

no rmaI . 


This study demonstrated the ability of adult and pediatric cholera 

patients to absorb oral fluid and of adults to be successfully treated 

with a solution containing 25 mEq/1 K+. Oral fluid therapy 
effectively met maintenance fluid and electrolyte needs of cholera 
patients and reduced the need for IV fluids. 

47. Nalin DR, Oral or nasogastric maintenance therapy for diarrhoea of 

unknown aetiology resembling cholera, Trans Roy Soc Trop Med Hyg 

64:769-771, 1970. 


Two trials were carried out in this study. The first evaluated 

the effectiveness of an oral rehydration solution consisting of (in 


-
mEq/l); Na+-120, K+-25, HCOJ" -48, CI  97, and glucose-110 

mmol/l, in treating persons hospitalized with diarrheal dehydration, 

and the second compared treatment with the above solution with and 

without glycine (110 mmol/l). 


The number, age distribution, and degrees of dehydration of 

persons studied were not included although adults and children were 

differentiated. Initial intravenous therapy was giveT to correct 

shock, and calculated amounts of oral fluids (given by mouth or 

nasogastric tube) were then used to meet maintenance fluid and 

electrolyte requirements. Mildly dehydrated cases were treated with 

oral therapy alone. Careful intake and output measurements were 

made. Tetracycline was given to each patient. Bacterial culturing of 

stools was not mentioned. 


Fluid balances were adequately maintained by oral therapy in all 

cases after initial IV correction of shock. Persons receiving the 

glycine solution had much lower stool volumes and diarrhea of shorter 

duration than those receiving only oral fluid, indicating that glycine 

may enhance the absorption of oral fluid. Use of oral therapy reduced 

the amount of IV fluid required for management of dehydration. 


Although the addition of glycine to oral fluid was shown to reduce 

the volume and duration of stool output in this study, incorporation 

of glycine into oral solutions may be limited by cost and availability 

factors. 
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48. Nalin DR et al, Effect of glycine and glucose on sodium and water 

absorption in patients with cholera, GUT 11:768-72, 1970. 


To determine whether glycine can promote net sodium and water 

absorption in cholera patients and increase the absorptive effect of 

glucose, 2 clinical trials were carried out in Bangladesh. 


In the first trial, 48 hospitalized patients 12 years of age or 

older with hypovolemia and laboratory confirmed cholera were initially 

treated with IV therapy until their plasma specific gravities were 

less than 1.030. The patients were then treated with one of four oral 

solutions, (the basis on which persons were assigned to treatment 

groups was not specified). Nine patients received only electrolytes 

(in mEq/1: Na+-120, K+-15, HCOJ" -48, Cl~-72, citrate-15); 12 

were given electrolytes and 110 mmol/1 of glycine; 17 received 

electrolytes (including K+-6 or 9 mEq/1, plus 110 mmol/1 of glucose, 

and 10 patients received electrolytes (including Na+-100 mEq/1, 

Cl—-52 mEq/1) and both glucose and glycine. Net gut balance was 
calculated and serum, stool, and urine electrolytes, urea, and 
creatine were determined, all every four hours. 

In the second study, 136 persons were admitted to a field hospital 

with severe cholera. Sixty-eight patients were treated, after initial 

IV rehydration, with electrolytes plus either 110 mmol/1 or 220 mmol/1 

of glucose (shown by the authors to be equivalent in effect), and 

sixty-eight were treated with electrolytes plus 110 mmol/1 each of 

glucose and glyine. Intake and output were calculated every six 

hours. Laboratory determinations were not performed. 


Clinical and laboratory measures of severity at admission were 

similar for all four groups in the first study. Patients in that 

study given electrolytes alone had a greater volume of diarrhea and 

prolonged ( 20 hours) negative water and sodium balance compared to 

the other three groups. Patients given glycine experienced a sharp 

rise in serum urea nitrogen, demonstrating glycine absorption. Serum 

electrolytes were generally stable and within normal limits in all 

groups. Mean duration of diarrhaa was 49 hours in the plain 

electrolyte group, 46 hours in the glucose group, 31 hours in the 

glycine group, and 27 hours in the glucose plus glycine group. The 

differences between the plain electrolyte group and each of the other 

groups were all significant. Differences between the glucose, 

glycine, and glucose-glycine groups were not discussed. All oral 

solutions containing glucose or glycine were absorbed well enough to 

supply maintenance fluid and electrolyte requirements (positive 

balance was usually achieved in 8-12 hours). Net absorption was 

highest in the glucose plus glycine group. 


The field hospital study results were similar. The patients in 

each group had similar severity of disease on admission, but the 
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glucose plus glycine group had diarrhea of significantly less volume 

and shorter duration than the glucose group. 


The authors felt that any sugar or amino acid which normally 

enhances sodium absorption will do so in cholera patients. An 

additive effect of glucose and glycine was demonstrated in that those 

patients treated with both agents had the shortest duration of 

diarrhea and the greatest net water and sodium absorption. This 

additive property was valuable in the field situation because it 

shortened the duration of illness and hospitalization. 


Nalin DR et al, Oral or nasogastric therapy for cholera, WHO 

Public Health Paper No. 40, Chapter 11, pp. 73-76, 1970 (see No. 25). 


Sack RB et al, The use of oral replacement solutions in the 

treatment of cholera and other severe diarrhoeal disorders, Bull WHO 

43:351-360, 1970 (see No. 26). 


Nalin DR, Oral or nasogastric maintenance therapy in pediatric 

cholera patients. Trop Pediatr 78:355-358, 1971 (see No. 27). 


49. Nalin DR et al, The optimal oral therapy formula for cholera and 

cholera-like diarrheas, In: Proceedings of the Sixth Annual 

International Epidemiologic Association Scientific Meeting, Belgrade, 

Savremena Administracya, pp. 1048-1057, 1971. 


The authors outlined their rationale for advocating the use of an 

oral rehydration solution consisting of, (in mEq/1): Na+-120, 

K+-25, Cl~97, base (a sum of bicarbonate plus citrate or acetate)­
48, and glucose 110 mmol/1, to treat diarrheal dehydration. 


Clinical studies comparing the efficacy of various concentrations 

of glucose and electrolytes were analyzed to obtain an optimal 

concentration of ingredients for a proposed oral rehydration 

solution. A 2% glucose solution (110 mmol/l) was found to provide the 

maximum induced sodium and water absorption and an acceptable osmotic 

load, while minimizing the most costly ingredient of the solution. 

The electrolyte concentrations were selected by use of electrolyte 

balance studies, and on the basis of these studies no magnesium or 

calcium was added to the solution. Glycine was not included as an 

ingredient because of cost and availability considerations. 


The authors felt that the proposed solution would be beneficial 

for treating persons of all ages with cholera-like diarrhea and that 

any excess sodium load could be handled by the kidneys. However, the 
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authors noted, with the 48 mEq of HC03~ used, alkalosis leading to 
tetany could result in persons with low serum calcium and magnesium 
concentrations. 

The authors described the ease of preparing and administering oral 

therapy and emphasized that management of cholera epidemics should 

rely on effective treatment utilizing oral therapy, and not on 

ineffective vaccination programs. Promotional efforts to demonstrate 

the ease of mixing and administering oral fluid should be directed to 

local public health officials and paramedical personnel. 


Hirschhorn N et al, Oral fluid therapy of Apache children with 

acute infectious diarrhoea, Lancet 2:15-18, 1972 (see No. 28). 


50. Hirschhorn N, et al, Ad libitum oral glucose-electrolyte therapy 

for acute diarrhea in Apache children, J Pediatr 83:562-571, 1973. 


A hypotonic oral rehydration solution was used to treat 47 Apache 

children hospitalized with diarrhea. Only 2 of the children were 

older than 2 years and none were currently breastfeeding. The extent 

of dehydration on admission ranged from inapparent to severe with 

shock. 


Determinations included careful fluid balance measurements, serum 

chemistries, and bacterial stool cultures. Hypotonic oral fluid, 

consisting of (in mmol/1); Na+-81, K+-18, C1--17, HCO-f -18, 

and glucose-139, was administered to children strong enough to drink 

and having bowel sounds, using thirst as the. regulator of volume 

intake. 


Clinically apparent fluid volume depletion, moderate hypo- and 

hypernatremia, and acidosis were readily corrected. Vomiting, when 

present, did not impede oral fluid administration. ' Children in shock 

could drink oral fluid after rapid intravenous volume replacement. 


Untoward effects were seen in 3 children who drank excessive 

amounts of fluid and developed mild periorbital edema which resolved 

after formula feedings began. Two other children demonstrated 

reversible glucose malabsorption. 


Use of a hypotonic oral fluid (the Na+ concentration of 81 mmol 

lies midway between the 101 mmol in pediatric cholera stools and the 

56 mmol in noncholera stools), was shown to be effective in treating 

inapparent to moderate dehydration and in correcting moderate hypo-

and hypernatremia and acidosis using thirst as the volume intake 

regulator. The study demonstrated the ease and economy with which an 

oral rehydration program can be administered. 
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Ludan AC, The efficacy of oral electrolyte fluid in the therapy of 

diarrhea, J Philip Med Assoc 49:243-252, 1973 (see No. 29). 


Hahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkirs Med J 132:197-205, 1973 (see No.71). 


Mahalanabis D et al, Use of an oral glucose-electrolyte solution 

in the treatment of paediatric cholera - a controlled study, J Trop 

Pediatr Environ Health 20:82-87, 1974 (see No. 31). 


De S et al, Oral fluid therapy for cholera and non-choleraic 

diarrhoeas in children, J Com Pis 7:124-128, 1975 (see No. 32). 


De S, Oral glucose-electrolyte solution in the treatment of 

cholera and other diarrhoeas, J Ind Med Assoc 65:230-232, 1975 (see 

No. 33). 


Aballi AJ, Single solution not ideal for oral therapy of diarrhoea 

(letter), Lancet 2:513-514, 1975 (see No. 91). 


51. Editorial, Feeding sick babies, Brit Med J 4:539, 1975. 


The editors emphasized the danger of administering homemade oral 

rehydration solutions too high in sodium and other solutes during 

diarrheal episodes, especially to infants with physiologic renal 

immaturity. The risk is largely due to erroneous or poorly understood 

instructions given to the mother. The editors stated that "...in the 

absence of a convenient and safe electrolyte mixture it is safer to 

give water without added salt—but not for longer than 24 hours.... 

There is no advantage in offering a child fluids with glucose alone 

added." 


The editorial recommended the removal of solid food and cow's milk 

from the diet of children under one year of age during the first 24 

hours of diarrhea. Persistence or recurrence of diarrhea in spite of 

food and milk withdrawal would warrant hospital referral. 


52. Moenginah PA et al, Oral sucrose therapy for diarrhoea, (letter) 

Lancet 2:323, 1975. 


The author hypothesized that sucrose may be preferable to glucose 

as the carbohydrate constituent of oral rehydration solutions because 

of its lower cost and wider distribution. 
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Thirty-three children (whose ages were not stated) with mild to 

moderate dehydration secondary to diarrhea were randomly divided in a 

double-blind fashion into four treatment groups. Groups I and II were 

given (by unstated means) a solution containing sodium chloride (2.0 

g/l), sodium bicarbonate (2.0 g/1), potassium chloride (1.0 g/1), and 

either glucose 0 0 g/1 - Group I, 10 patients) or sucrose (30 g/1 ­
Group II, 8 patients). Groups III and IV were given a solution 

containing sodium chloride (3.5 g/1), sodium bicarbonate (2.5 g/1), 

potassium chloride (1.5 g/1), and either glucose (20 g/1 - Group III, 

7 patients) or sucrose (20 g/l - Group IV, 8 patients). Demographic, 

nutritional, and biochemical characteristics of patients prior to 

admission were not described. When 50% of patients in Groups I and II 

were found to have reducing substances in their stools, the study was 

"switched" to Groups III and IV. 


Mean patient body weight, mean stool output, and mean net fluid 

balance were similar for all four groups, as was the percentage of 

patients "failing" oral treatment and requiring IV s. One Group-Ill 

and five Group-IV patients had reducing substances in their stools. 

No data on serum electrolytes, volume of solution required, or 

duration of symptoms were given. 


Since information on the comparability of the treatment groups was 

not presented, it is difficult to draw conclusions concerning the 

comparative efficacy of the glucose and sucrose solutions. However, 

the similar clinical outcomes of the treatment groups indicated that 

the sucrose solution may be effective in orally rehydrating children 

with diarrhea. 


53. Nalin DR, Sucrose in oral therapy for cholera and related 

diarrhoeas, Lancet l;1400-02, 1975. 


The proven efficacy of a glucose-containing oral rehydration fluid 

suggested that sucrose, which is hydrolyzed to glucose and fructose in 

the small bowel and is cheaper and more widely available than glucose, 

ought to be examined as a possible replacement for glucose in oral 

rehydration solutions. 


Eighteen adult patients with severe dehydration secondary to 

diarrhea (13 with proven cholera, one with a non-01 Vibrio, and four 

without recognized pathogens) were studied. Mean age was thirty-two 

(range 11-65). All patients were initially rehydrated with IV fluids 

and then begun on oral or nasogastric maintenance. The oral solution 

contained either 48 grams/1 (5 patients) or 38 grams/1 (13 patients) 

of sucrose as well as sodium chloride (4.2 grams/1), sodium 

bicarbonate (2.0 grams/1), and potassium citrate (2.7 grams/1). 

Patients were permitted measured quantities of water and milk orally 

ad libitum. Stool reducing substances, plasma specific gravities, and 

serum electroyltes were monitored. 
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Two cholera patients and one non-cholera patient developed 

negative water and electrolyte balances and needed re-institution of 

IV therapy. All other patients were adequately maintained on oral 

therapy, but diarrhea rates increased substantially (two- to 

four-fold) in three. All 12 patients whose stools were tested had 

reducing substances present in their stools, both before and after 

hydrolysis. 


The author concluded that sucrose is potentially useful but less 

effective than glucose and should be reserved for situations where 

glucose is unavailable. 


54. Bart KJ et al, Single solution for oral therapy of diarrhoea, 

(letter) Lancet 2:633-34, 1976. 


The author questioned the effectiveness of the "recommended" oral 

rehydration solution (containing 90 mmol/1 of sodium) for children 

less than two years of age in developed countries. Since children 

under two have relatively large insensible losses and relatively low 

renal concentrating capacity (700-1000 mOsm/1) even under normal 

circumstances, they are at higher risk of developing hypernatremia if 

given oral fluids with a high sodium concentration and high solute 

load. 


Studies of the efficacy of the WHO "recommended" solution had been 

carried out in developing nations in children over two years of age, 

some of whom were chronically malnourished and have hypotonic body 

fluids. Studies in Apache Indian children under two were carried out 

with success, but these children may be "closer to a developing-world 

population than the rest of the U.S. infant population." The authors 

felt that developing world and Apache Indian infants may be more 

tolerant of higher oral sodium concentrations because they are more 

likely to be poorly nourished and have hypotonic body fluids than are 

children in developed countries. 


As the authors suggested, studies are needed to assess the 

efficacy of oral rehydration solutions in treating children in 

developed countries. 


55. Nalin DR et al, Sodium content in oral therapy for diarrhoea, 

(letter) Lancet 2:957, 1976. 


Responding to the letter of Bart and Finbey (see abstract, Bart 

KJ, et al: "Single solution for oral therapy of diarrhoea." (letter) 

Lancet: 2:633-634, 1976.), these investigators pointed out that the 

quantity of oral fluid received (and therefore the total sodium load) 

will be commensurate with losses of stool and vomitus. Those with 

minimal losses will receive minimal therapy (and sodium) and vice-

versa. The authors provided evidence that, as the diarrhea rate 

increases so doen stool sodium concentration, implying that those with 

profuse diarrhea will require more sodium to maintain net balance. 
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Further, due to the equilibration of plasma and luminal sodium 

concentration, a hypotonic sodium oral solution may increase diarrheal 

sodium loss. The authors recommended a rehydration solution 

containing 120 mmol/1 of sodium. 


The heart of Bart and Finbey's concern-that data obtained from 

children in developing countries may not apply to children from 

developed countries-was not directly addressed here. The authors did, 

however, reaffirm the appropriateness of their solution for the 

population where it will be most required and beneficial—the children 

of the developing nations. 


56. Naik NV et al, Oral rehydration in acute gastro-enteritis in young 

children, Ind Pediatr 13:127-133, 1976. 


The authors sought to study the efficacy of oral rehydration in 

treating non-specific acute gastroenteritis in children and to compare 

results using two different oral solutions. 


Fifty hospitalized Indian children less than 5 years of age were 

studied, all of whom were admitted with either no dehydration (5), 

mild dehydration (27), or moderate dehydration (18), based on 

established clinical criteria. The children were given one of two 

oral solutions (C-concentrated or D-dilute) in a double-blind 

fashion. Solution C contained sodium (115 mEq/1), bicarbonate (48 

mEq/1), chloride (62 mEq/1), potassium (25 mEq/1), calcium (4 mEq/l), 

magnesium (4 mEq/1), sulfate (4 mEq/1), phosphatp (4 mEq/1), lactate 

(4 mEq/1), and dextrose (3.68%). Solution D was the same with the 

exception of sodium (60 mEq/1), chloride (35 mEq/1), bicarbonate (80 

mEq/1), and dextrose 4.035%). Children who could not be successfully 

rehydrated orally were removed from the study and treated with IV 

fluid. Neither criteria for exclusion nor the number of cases 

excluded from each treatment group were stated. Serum sodium, 

chloride, and potassium were determined at admission and after 24 and 

48 hours of therapy. 


Thirty-seven of forty-five dehydrated children were successfully 

treated; 19 given C and 18 given D. Twenty-five of 27 mildly 

dehydrated and 12 of 18 moderately dehydrated children were treated 

successfully. Of the eight treatment failures, three had clinical 

acidosis, three had persistent vomiting, and two were not described. 

One child with acidosis died. Two-thirds of all children were 

rehydrated with 24 hours and 89% within 36 hours. Results were 

similar for both solutions used. Mean serum sodium levels at 

admission were not stated by treatment group; although higher at 24 

and 48 hours in patients given solution C, statistical significance 

was not demonstrated. The mean serum sodium level was in the 

hypernatremic range ( 150 mEq/1) after 48 hours of treatment in those 

children with absent or mild dehydration who were treated with the 

concentrated solution. Results for chloride were similar for both 
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groups, and mean potassium levels appeared to be comparable for both 

groups throughout the study. 


The authors concluded that oral rehydration is an effective tool 

in the treatment of childhood gastroenteritis, that their dilute 

formula (D) was better suited to these children because it did not 

produce hypernatremia, and that constituents or oral rehydration fluid 

other than sodium, potassium, bicarbonate, chloride, and glucose are 

unnecessary and expensive. The data supported the first two 

conclusions but did not prove them (no control group of non-orally 

treated children was used to compare outcomes and serum electrolytes 

were not statistically different). The final claim regarding added 

constituents was unsupported by the study. 


Moran M, Oral rehydration therapy in home and hospital, experience 

in rural Nigeria, Pediatr Nurs Sept/Oct:32-33, 1976 (see No. 97). 


57. Rahilly PM et al, Clinical comparison between glucose and sucrose 

additions to a basic electrolyte mixture in the outpatient management 

of acute gastroenteritis in children, Arch Pis Child 51:152-4, 1976. 


This study compared the clinical efficacy of a sucrose­ and 
glucose-electrolyte solution in outpatient oral rehydration at a 
London hospital. 

One-hi'.ndred-twenty children treated on an outpatient basis for 

mild gastroenteritis were consecutively studied. A basic electrolyte 

solution (in mEq/1: potassium-28, sodium-26, hydrogen-4, chloride-24, 

phosphate-9, and citrate-3) was provided and on a randomized, 

double-blind basis, mothers were given sucrose or glucose to add to 

the electrolytes. The osmolality of the 5% glucose solution was 216 

mOsm/1 and that of the 5% sucrose solution was 351 mOsm/1. 


Children were given 150-170 ml/kg/day of either of the two 

solutions and milk of increasing strength was added to their diets as 

they recovered. Patients were monitored continuously and if the child 

failed to recover, he was admitted to the hospital and considered a 

clinical failure. 


Ninety-four children met the criteria and could be studied - 50 in 

the sucrose group and 44 in the glucose group. The number of clinical 

failures in the glucose group (12) was significantly greater (p less 

than 0.05) than in the sucrose group (5). Serum electrolytes and 

stool output were not assessed nor were the clinical, biochemical, or 

demographic characteristics of the treatment groups. 


The authors concluded that glucose held "no practical advantage" 

over sucrose, but critical evaluation was limited by their failure to 

more rigorously assess both groups. 
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Ware S, Hypernatremia and glucose water (letter), Lancet 1:494, 

1976 (see No. 100). 


58. Chatterjee A et al, Evaluation of a sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea, Lancet 1:1333-1335, 

1977. 


Realizing that sucrose could be of great practical importance in 

oral rehydration the authors sought a more complete understanding of 

the physiology of sucrose absorption in infants with acute diarrhea. 


Twenty consecutively hospitalized Indian children with acute 

diarrhea and clinically moderate to severe dehydration were studied. 

Nineteen were less than two years old. Two were hypotensive on 

admission and were treated with IV fluids for one hour and then begun 

on intragastric rehydration, which the others started at admission. 

The rehydration solution consisted of sodium (50 mmol/1), potassium 

(15 mmol/1), chloride (50 mmol/1), bicarbonate (15 mmol/1), and 

sucrose (130 mmol/1), had an osmolarity of 260 mOsm/1, and was infused 

at a mean rate of 15 ml/kg/hour. Infants were allowed to drink dilute 

milk after initial hydration. Stools were cultured and volume, pH, 

and reducing substances were monitored. The clinical hydration state 

and serum sodium, potassium, and bicarbonate were followed. Seventeen 

children had sucrose tolerance tests done on the second day of 

admission and sixteen had glucose tolerance tests done on day 3. 

Sixteen children had upper jejunal biopsies done to assay for sucrase, 

maltase, and lactase. There were no control patients. 


All but one child were treated successfully by oral means alone. 

The one failure had sucrose intolerance as indicated by the tolerance 

test. All other patients had satisfactory clinical and biochemical 

responses even though 13 of 19 had reducing substances present in 

their stools. Excluding the patient who failed oral therapy, all 

others had normal and statistically similar oral sucrose and glucose 

tolerance test response curves. Low levels of sucrase, lactase, and 

maltase were seen in 3, 12, and 2 of the children, respectively. One 

of these children had cholera, and the others had non-cholera disease. 


This study demonstrated that most infants and children with 

diarrhea have the ability to hydrolyze sucrose and absorb its 

component monosaccharides. Nineteen of these twenty children were 

treated successfully, but the lack of appropriate controls limits the 

conclusions that can be drawn regarding the relative efficacy of this 

therapy versus glucose oral rehydration or no oral rehydration at all. 


Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Br Med J 1:839-840, 1977 (see No. 104). 
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International Study Group: A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea. Report of a field trial by an 

international study group. Bull WHO 55:87-94, 1977 (see No. 75). 


59. Palmer DL et al, Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrheas, N Engl J 

Med 297:1107-1110, 1977. 


Assuming the clinical acceptability of glucose-electrolyte 

solutions for oral rehydration therapy, these investigators described 

the relative efficacy of a sucrose-electrolyte solution in a 

controlled clinical trial. 


One hundred twenty-two hospitalized Bangladeshi patients, aged 

6-80, with clinical cholera and severe dehydration (estimated at 

greater than eight percent) were included in the study if they had a 

stool volume greater than 10 cc/kg/hour during initial IV 

rehydration. IV fluids were stopped and the patients were randomly 

assigned in a double-blind fashion to receive one of two oral fluids. 

Each solution contained sodium (96 mEq/1), potassium (25 mEq/1), 

chloride (72 mEq/1), bicarbonate (24 mEq/1), citrate (25 mEq/1) and 

either glucose (20 grams/1) or sucrose (40 grams/1). Solutions were 

prepared by the nursing staff which mixed the contents of pre-weighed, 

coded packets with tap or well water. Stools were cultured and 

monitored for reducing substances before and after acid hydrolysis. 

Intake, output and plasma specific gravities were followed, but serum 

electrolytes were not monitored. Oral therapy was considered to have 

failed if an IV was necessary. IV therapy was instituted if plasma 

specific gravity was greater than 1.030. 


Both treatment groups were statistically similar with respect to 

demographic, nutritional, etiological, clinical and biochemical 

characteristics at admission and thereafter except that there were 

proportionately more males in the sucrose group. Eighty-six percent 

of those treated with sucrose and 87% of those given glucose were 

successfully treated orally. Of the patients with confirmed cholera, 

the success rates were 68% with sucrose and 78% with glucose-

significantly different. Significantly more failures occurred in 

those patients with higher purging rites (oral treatment failed in 

13/17 patients with stool rates greater than 20 cc/kg/hour during the 

first 24 hours). Volumes of oral fluid required were similar for both 

groups overall as were purging rates. Less than 1% of the glucose 

administered was recovered in the stools. Those given sucrose failed 

to hydrolyze about 5%/..of the sugar and failed to absorb 5% of the 

monosaccharides generated by hydrolysis; no significance was noted 

between this and the glucose group. Nutritional status was not 

statistically related to failure of oral hydration. 
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This study demonstrated that, in patients over five years of age 

with clinically severe diarrhea and dehydration caused by cholera and 

non-cholera agents, sucrose and glucose appear to be equally effective 

carbohydrate substrates in oral rehydration solutions. Failure of 

oral rehydration if most directly related to failure to keep up with 

the volume needs generated by high diarrhea rates. The clinic staff 

had no difficulties preparing the solution from pre-tnixed packets and 

administering it under standard rural hospital conditions, a point of 

great practical importance. 


60. Field M, New strategies for treating watery diarrhea, (Editorial) 

N Engl J Med 297:1121-1122, 1977. 


This is a companion editorial to the paper by Palmer (see 

preceeding abstract, "Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrheas"), in which 

the pathophysiology of cholera and the intestinal transport mechanisms 

which provide the rationale for use of oral therapy are clearly 

described . 


The demonstrated efficacy of the sucrose-electrolyte solution 

supports the use of this widely available sugar in home-based oral 

rehydration programs. In addition, the results of Palmer's study 

suggested that other substances requiring hydrolysis, such as 

starches, might be equally or more effective in aiding salt and water 

uptake. Since neutral amino acids such as glycine share the same 

sodium-coupled absorption mechanism as glucose, postulated the author, 

polypeptides added to oral rehydration solutions might offer the 

additional theroretical advantage of treating malnutrition 

simultaneously with diarrhea. 


Finally, although effective, currently available oral therapy only 

fosters absorption of the fluid administered and does not reverse the 

secretory diarrhea caused by cholera and other agents. Studies to 

discover rehydration fluid constituents which would foster such a 

reversal are still needed. 


61. Sandle GI et aT, Oral therapy iri cholera, (Letter) N Eng J Med 
298:797-798, 1978. 

In light of certain findings by Palmer, et al, (see abstract 

No. 59, "Comparison of sucrose and glucose in the oral electrolyte 

therapy of cholera and other severe diarrheas") this study augmented 

findings regarding disaccharide absorption and net intestinal water 

flux in normal volunteers. 


Seven normal volunteers had jejunal segments infused with one of 2 

solutions: 1) 55.5 mmol (1%) glucose with 122 mmol sodium or 

2) 28 mmol (1%) maltose with 122 mmol sodium. Five other normal 

volunteers had infusions of either 111 mmol glucose, 21 mmol sodium, 

and 146 mmol mannitol or 111 mmol maltose, 21 mmol sodium, and 146 

mmol mannitol. 


44 




In the first study, glucose absorption was significantly greater 

with the maltose infusion, but water absorption was significantly 

greater with the glucose infusion. Sodium absorption was also greater 

with the glucose infusion, but not significantly so. Both infusions 

in the second study produced net water and sodium secretion despite 

glucose absorption. Secretion was significantly greater with the 

maltose solution. 


In persons with diarrhea, glucose has therapeutic advantages over 

glucose-containing disaccharides, especially in persons with high 

stooling rates. When oral rehydration is used, glucose solutions 

should be used whenever practicable. 


Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea. WHO Chron 31:87-93, 1977 (see No. 26). 


62. Chatterjee A et aTj Oral rehydration in infantile diarrhoea. 

Controlled trial of a low sodium glucose electrolyte solution, Arch 

Pis Child 53:284-289, 1978. 


Considering that the average fecal sodium concentration in 

infantile diarrhea is 56 mmol/l, the authors compared an oral 

rehydration solution with 50 mmol/l sodium to the WHO-recommended 

solution (90 mmol/l) for treatment of children with non-cholera 

diarrhea. 


Thirty-nine hospitalized children with clinically moderate to 

severe dehydration were randomized (not blindly) into two treatment 

groups. Group A (19 patients) was given a solution containing sodium 

(90 mEq/1), potassium (15 mEq/1), chloride (75 mEq/1), bicarbonate (30 

mEq/1), and glucose (90 mmol/l) by intragastric drip at 10 cc/kg/hr. 

Group B (20 patients) was given a solution containing sodium (50 

mEq/1), potassium (15 mEq/1), chloride (50 mEq/1), bicarbonate (15 

mEq/1), and glucose 170 mmol/l at 12.5 cc/kg/hr. Both solutions had 

300 mOsm/1, and were given until complete hydration was achieved. 

Children with continuing diarrhea were given the same solution orally 

to replace stool losses and Group-A children were actively encouraged 

to drink additional water after four hours of hydration "for ethical 

reasons." Clinical features, hematocrit, and serum electrolytes and 

specific gravities were followed. Stools were cultured for bacterial 

pathogens and examined for reducing substances. 


The demographic, clinical, biochemical, and nutritional 

characteristics of both groups were comparable at admission and 

biochemical values remained comparable throughout the study. The 

percentage and type of bacterial pathogens isolated were also similar 

in both groups. All children were adequately rehydrated orally, 

although two Group B infants with underlying illnesses died. One of 

two Group-A patients and one Group-B patient with hypernatrema on 
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admission still had Hypernatremia at the end of oral treatment. Two 

other Croup-A patients became hypernatremic during rehydration. None 

of these patients had neurological manifestations. Seven Group-A and 

3 Group-B patients had periorbital edema. 


Difficulties in interpreting the results of this study arise from 

the non-blind assignment of children to treatment groups and from the 

presence of a number of uncontrolled variables including varying 

glucose concentrations, differing infusion rates, and the active 

encouragement of free water intake in Group A only. The incidence of 

hypernatremia was not significantly greater in A than in B and the 

significance of the reported periorbital edema is unclear. Both 

solutions were equally effective clinically, but the results do not 

adequately support the authors' hypothesis that a 50 mEq/1 Na+ 


solution would be superior. 


63. Moenginah PA et al, Sucrose electrolyte solution for oral 

rehydration in diarrhea, J Trop Ped Env Child Health 24:127-9, 1978. 


After the distribution of glucose-electrolyte packets for oral 

rehydration in rural health centers in an Indonesian province, the 

percentage of pediatric hospital admissions attributed to diarrheal 

disease dropped from 32% (1972) to 22%. Because sucrose is only 20% 

as costly as glucose in Indonesia, a comparative study of sucrose-

versus glucose-electrolyte solutions was conducted. 


Sixty-seven children between 2 and 28 months with mild to moderate 

dehydration secondary to non-cholera diarrhea were studied in a 

double-blind fashion. Eighteen children were given solution I and 49 

solution II. Solution I consisted of (in g/1): sodium chloride, 2.0; 

sodium bicarbonate, 2.0; potassium chloride, 1.0; and either glucose, 

30, or sucrose, 20. Of the 18 persons given solution I, 10 received 

the glucose version and 8 that containing sucrose. Solution II 

consisted of (g/1): sodium chloride, 3.5, sodium bicarbonate, 2.5; 

potassium chloride, 1.5; and either glucose, 20, or sucrose, 20. Of 

the 49 given solution II, 23 received the glucose and 26 the sucrose 

versions. Oral solutions were given ad libitum. Clinical condition, 

body weight, stool output, net fluid balance, emesis, stool for 

reducing substances, and total consumption of rehydration fluid were 

monitored. Serum and stool electrolytes were not evaluated. 


There were no significant differences for all the above 

characteristics among patients receiving solutions I and II with 

either glucose or sucrose. Those given sucrose solutions did have 

greater (not significantly) mean stool volume than those given glucose 

solutions in both treatment groups. Three patients given glucose 

solutions and four patients given sucrose solutions failed to respond 

to oral therapy. 
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Comparable clinical results were obtained from each treatment 

group. When glucose is unavailable, the authors concluded sucrose may 

be an adequate (and less expensive) carbohydrate constituent of oral 

rehydration solutions. 


64. Nalin DR et al, Comparison of sucrose with glucose in oral therapy 

of infant diarrhoea, Lancet 2:277-279, 1978. 


The comparative clinical efficacy of oral rehydration solutions 

containing sucrose and glucose was assessed in this study. 


Fifty-one hospitalized Costa Rican infants, aged 3 to 12 months, 

with clinical signs of greater than five percent dehydration were 

included in the study. There was no mention of their nutritional 

status. After admission, they were randomly assigned in a 

double-blind fashion into one of two groups: The first received a 

glucose-containing oral solution (20 grams/1) and the second received 

a sucrose solution (40 grams/1, yielding 2% glucose). The remaining 

constituents were the same for both solutions (in grams/1: sodium 

chloride, 3.5, sodium bicarbonate, 2.5, and potassium chloride, 1.5). 

The possible influence of intraluminal fructose was ignored. Children 

were fed rehydration solution and water in a 2:1 ratio by trained 

staff. Serial serum, urine, and stool samples were collected for 

electrolyte, osmolality, sucrose, and glucose determinations. Stools 

were cultured for bacterial pathogens and examined for rotavirus by 

the EL1SA technique. 


The two groups were similar demographically and clinically at 

admission and were found to have diarrhea of similar etiologies. Oral 

rehydration was successful clinically and biochemically in 100% of the 

glucose group and 92% of the sucrose group. Stool biochemistries were 

similar except for mean osmolality, which was significantly greater 

between 6 and 24 hours in the sucrose group. Presence of sugar in 

stools was significantly related only to the presence of rotaviral 

infection and not to other etiologic agents or to the type of sugar in 

the solution rorioumed. The glucose solution corrected serum 

electrolyte abnormalities significantly more rapidly than did the 

sucrose solution, and significantly fewer glucose-group patients 

required more than 24 hours of therapy. Other differences between the 

groups (including urine output in males, diarrhea rate, initial weight 

gain, IV fluid needs, and net absorption) were all suggestive of 

greater efficacy for glucose but were not statistically significant. 


The authors stated that, in the face of the small failure rate 

demonstrated, sucrose can be used in oral rehydration solutions in 

areas where it is available and glucose is not. Because the evidence 

presented indicated that sucrose is less efficient than glucose, use 

of glucose was recommended whenever possible. 


47 




Comparable clinical results were obtained from each treatment 

group. When glucose is unavailable, the authors concluded sucrose may 

be an adequate (and less expensive) carbohydrate constituent of oral 

rehydration solutions. 


64. Nalin DR et al, Comparison of sucrose with glucose in oral therapy 

of infant diarrhoea, Lancet 2;277-279, 1978. 


The comparative clinical efficacy of oral rehydration solutions 

containing sucrose and glucose was assessed in this study. 


Fifty-one hospitalized Costa Rican infants, aged 3 to 12 months, 

with clinical signs of greater than five percent dehydration were 

included in the study. There was no mention of their nutritional 

status. After admission, they were randomly assigned in a 

double-blind fashion into one of two groups: The first received a 

glucose-containing oral solution (20 grams/1) and the second received 

a sucrose solution (40 grams/1, yielding 2% glucose). The remaining 

constituents were the same for both solutions (in grams/1: sodium 

chloride, 3.5, sodium bicarbonate, 2.5, and potassium chloride, 1.5). 

The possible influence of intraluminal fructose was ignored. Children 

were fed rehydration solution and water in a 2:1 ratio by trained 

staff. Serial serum, urine, and stool samples were collected for 

electrolyte, osmolality, sucrose, and glucose determinations. Stools 

were cultured for bacterial pathogens and examined for rotavirus by 

the ELISA technique. 


The two groups were similar demographically and clinically at 

admission and were found to have diarrhea of similar etiologies. Oral 

rehydration was successful clinically and biochemically in 100% of the 

glucose group and 92% of the sucrose group. Stool biochemistries were 

similar except for mean osmolality, which was significantly greater 

between 6 and 24 hours in the sucrose group. Presence of sugar in 

stools was significantly related only to the presence of rotaviral 

infection and not to other etiologic agents or to the type of sugar in 

the solution consumed. The glucose solution corrected serum 

electrolyte abnormalities significantly more rapidly than did the 

sucrose solution, and significantly fewer glucose-group patients 

required more than 24 hours of therapy. Other differences between the 

groups (including urine output in males, diarrhea '•ate, initial weight 

gain, IV fluid needs, and net absorption) were all suggestive of 

greater efficacy for glucose but were not statistically significant. 


The authors stated that, in the face of the small failure rate 

demonstrated, sucrose can be used in oral rehydration solutions in 

areas where it is available and glucose is not. Because the evidence 

presented indicated that sucrose is less efficient than glucose, use 

of glucose was recommended whenever possible. 


47 




Seriki 0, Management of moderately severe dehydration by 

continuous intra-gastric infusion of. electrolyte solution. Trop 

Doctor 8:134-136, 1978 (see No. 38). 


Hutchins P et al, Comparison of oral sucrose and glucose electrolyte 

solutions in the outpatient management of acute gastroenteritis in 

infancy, J Hyg (Camb) 82:15-19, 1979. 


A sucrose-electrolyte solution was compared to a 

glucose-electrolyte solution in the outpatient management of acute 

gastroenteritis in infants. Seventy-eight children less than 18 

months of age presenting consecutively to 2 London hospital outpatient 

facilities with acute gastroenteritis were studied. 


All patients were treated at home with 150 ml/kg/day of oral 

carbohydrate electrolyte solution (composition not given) for 24 hours 

and then advanced in quarter strength measurements daily to full 

strength milk. Children were clinically assessed daily. Those 

requiring hospital admission were classified as clinical failures. 

Mothers were provided with a concentrated out-patient electrolyte 

mixture to be diluted one part to five parts of boiled vmter and, in a 

randomized, double-blind fashion, were given packets of either sucrose 

or glucose. Mothers were instructed to add one flat plastic 

teaspoonful (5 ml) of sugar to each 120 ml of diluted electrolyte 

solution prepared at home. At the first return visit, a sample of the 

solution prepared by the mother was obtained for osmolality testing. 

No laboratory determinations were performed on the infants. 


Seventy-three children (57 under one year of age) completed the 

study—39 received sucrose and 34 glucose. Approximately half of the 

mothers in each group submitted samples for analysis. There was no 

significant difference for mean osmolality between the solutions of 

the treatment failures and successes in either group. Variances in 

the osmolality of the solutions of the failures and successes were not 

significant in the sucrose group, but the failures in the glucose 

group had received fluids with significantly greater variance in 

osmolality than did the successes. Recovery times (both mean and 

range) was similar for both groups. Seven of 39 given sucrose and 11 

of 34 given glucose were admitted to hospital, but most admissions 

were often unrelated to treatment failure (e.g., social reasons, 

intercurrent infections, etc.) so that this difference, although 

statistically significant, may not be of practical importance. 


This study indicated that sucrose-containing solutions are at 

least as effective as glucose-containing solutions in the outpatient 

management of infant diarrhea. If a solution is prepared incorrectly, 

sucrose may be less liable to produce hyperosmolar feeds. Finally,' 

sucrose is cheaper and more widely available than glucose. 
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A problem with this study was that the clinical and laboratory 

indicators of diarrheal severity were not measured and compared for 

the study groups. If diarrhea in the sucrose group had been 

significantly less severe, the equivalent clinical outcomes noted 

above may not be meaningful. In addition, the authors did not 

describe the underlying nutritional condition of the infants studied. 


67. Kuberski T et al, Coconut water as a rehydration fluid. New Zeal 

Med J, 90:98-100, 1979. 


The composition of coconut water was analyzed to assess its 

potential use as an oral rehydration fluid. The fluid of 51 coconuts 

taken from 5 coconut palm trees (2 varieties) was examined. 


The mean sodium concentration was 2.9 mmol/1; potassium was 9.9 

ramol/1; and glucose 114 mmol/1. Composition varied with the age of 

the coconut (10-month-old coconuts had 1/3 the glucose and slightly 

more sodium and potassium than 5-month-old coconuts) and with location 

(coconuts closer to the ocean had proportionately more potassium than 

did those taken from inland areas). 


The extremely low sodium and sometimes dangerously high potassium 

concentrations make coconut water a less than ideal oral therapy 

solution. 


Nalin DR et al, Oral rehydration and maintenance of children with 

rotavirus and bacterial diarrhoeas. Bull WHO 57:453-459, 1979 (see 

No. 40). 


Rahaman MM et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy. Lancet 

2:809-812, 1979 (see No. 78). 


Hirschhorn N, The treatment of acute diarrhea in children: An 

historical and physiological perspective. Am J Clin Nutr (in press) 

(see No. 132). 


International Study Group: Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea: 

Part 1) Studies in two ambulatory care clinics (in preparation), (see 

No. 79). 


International Study Group: Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea: 

Part 2) Studies in seven rural villages (in preparation) (see No. 80). 
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68. Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions, Manuscript in preparation. 


The authors compared clinical results in Jamaican children 

hospitalized with diarrhea who were given oral solutions containing 

low and high concentrations of sodium and potassium. The authors felt 

this comparison was warranted because children with cholera have lower 

stool sodium losses and higher stool potassium losses than adults with 

cholera, for whom the WHO oral rehydration solution (90 mEq/1 sodium, 

20 mEq/1 potassium) was initially formulated. Use of the 

WHO-recommended solution the authors hypothesized, may place small 

children at risk of hypernatremia and hypokalemia, respectively. 


Seventy-three infants (age range not given) were studied for 24 

hours. All had watery diarrhea of undetermined etiology and at least 

one had clinical signs of dehydration. All received 240 ml/hour of 

oral fluid therapy until signs of dehydration disappeared, at which 

point one-quarter strength milk formula was given. In the first part 

of the study fifty-eight of the infants were randomly given either a 

low sodium (60 mEq/1) or high sodium (90 mEq/1) solution. These 

infants received no additional plain water during rehydration. In a 

second study, 25 infants were randomly given low potassium (20 mEq/1) 

or high potassium (35 mEq/1) solutions and extra water (two parts oral 

solution followed by 1 part water) until normally hydrated. Intake 

and output volumes were recorded. Serum and stool electrolytes were 

analyzed at six and 24 hours. 


Each study group had similar characteristics on admission, and 

clinical and laboratory indicators of rehydration were also similar 

after six hours. The groups given high sodium and high potassium 

solutions had significantly (p less than 0.02) higher mean sodium and 

potassium absorption, respectively, during the first six hours and at 

24 hours. Transient asymptomatic hypernatremia was seet in five 

infants given the high sodium solution but disappeared after they were 

switched to a dilute milk formula. A significantly (p less than 

0.025) greater number of infants given the low potassium solution were 

hypokalemic at the end of treatment compared to• those given high 

potassium solution. Twenty-eight percent of infants given low sodium 

solution had hyponatremia at a one-week follow-up (nineteen percent 

were hyponatreraic at the close of the study). In the potassium study, 

where both solutions had a "high" sodium concentration (90 mEq/1) and 

extra water was consumed, sodium absorption levels were between those 

seen with the high and low sodium concentration solutions with which 

no extra water was given. There was no, hypernatremia in the patients 

given solutions with extra water. 


These results showed that a solution containing 90 mEq/1 of sodium 

is safe and effective and may produce no hypernatremia if extra water 

is allowed. A solution containing 90 mEq/1 of sodium could be used in 

infants and adults with either cholera or non-cholera diarrhea. The 
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WHO-recommended formula may result in hypokalemia in infants with 

diarrhea and may play a role in producing total body potassium 

depletion in infants with repeated diarrheal attacks. If a single 

formula is to be used, tests to determine the efficacy and safety of 

solutions containing 35 mEq/1 of potassium given to adults with 

cholera are indicated. 


Pizarro D et al, Rehidratacitfn por la v£a oral en ninos menores de 

un mes de edad, (Unpublished manuscript) (see No. 44). 


Taylor PR et al, Oral rehydration, therapy for treatment or 

rotavirus diarrhea in a rural treatment center in Bangladesh (accepted 

for publication, Arch Pis Child), (see No. 45). 
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IV. IMPACT 


The abstracts in this section are of studies which 

attempted to measure the effect of oral rehydration 

therapy on diarrheal disease morbidity and mortality and 

on the nutritional status of the persons treated. 


In these studies both methodological limitations and 

intervening sociocultural factors often confounded impact 

measurement. Among the former were poorly chosen or 

nonexistent comparison groups, variable levels of training 

and expertise on the part of those administering oral 

rehydration interventions and often unreliable disease and 

nutrition surveillance data. Intervening factors included 

widely varying environmental, cultural and socioeconomic 

characteristics. 


Chatterjee HN, Control of vomiting in cholera and oral replacement 

fluid, Lancet 2:1063, 1953. 


Harrison HE, The treatment of diarrhea in infancy, Pediatr Clin 

North Am 1:335-348, 1954 (see No. 4). 


Phillips RA, Water and eletrolyte losses in cholera, Fed Proc 

23:705-712, 1964 (see No. 9). 


Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose-containing solution, N Engl J Med 

279:176-181, 1968 (see No. 12). 


Nalin DR, et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968 (see No. 13). 


Pierce NF et al, Oral maintenance of water-electrolyte and 

acid-base balance in cholera: A preliminary report, Ind J Med Res 

56:640-645, 1968 (see No. 15). 


Pierce NF et al, Effect of intragastric glucose-electrolyte 

infusion upon water and electrolyte balance in Asiatic cholera, 

Gastroenterology 55:333-343, 1968 (see No. 16). 
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69. Nnlin DR et al , Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969. 


To determine whether oral therapy could provide a safe and 

effective means of supplying maintenance fluids, hospitalized persons 

with uncomplicated cholera were treated with either standard 

intravenous therapy or with intravenous therapy followed by an oral 

rehydration solution (composition, in mmol/1: Na+-120, K+-15, 

HCOf-48, Cl-72, citrate-15 and glucose-110). Careful input-output 

balance studies were performed, and IV and oral needs were 

recalculated every four hours. The volume of oral fluid administered 

equaled the volume of stool and vomitus output. 


29 persons received initial IV hydration, and 19 were then begun 

on oral therapy as soon as they were alert enough to drink. Both oral 

and oro- or nasogastric tube administration were used. Tetracycline 

was given to each patient. 


"About one patient in 10" required continued IV therapy after oral 

hydration was begun. Vomiting occurred with equal frequency in both 

treatment groups and "ceased as dehydration and acidosis were 

corrected." Both groups had a similar decrease in the rate of 

stooling. 


Oral therapy was shown to reduce the amount of IV fluids needed by 

80%. As an adjunct to cholera therapy a major advantage of oral fluid 

is that the ingredients are inexpensive, widely available, and do not 

require sterile conditions for mixing. 


Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1969 (see No. 21). 


Bart KJ, Pediatric cholera: Pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1979 (see No. 22). 


70. Cash RA et al, Rapid correction of acidosis and dehydration of 

cholera with oral eletrolyte and glucose solution, Lancet 2:549-550, 

1979. 


To see if oral therapy alone could correct initial acidosis and 

dehydration caused by diarrhea, 5 persons with severe acidosis and 

moderate dehydration admitted to a rural treatment center were 

administered an oral rehydration solution closely resembling the 

WHO-recommended formula. All 4 controls, who had similarly severe 

diarrhea but who received only occasional water and no intravenous 
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therapy in the 6 hours of study, as well as 4 of the 5 persons 

receiving oral therapy had V. cholerae recovered from their stools. 


Rapid correction of pH, specific gravity, and hematocrit had 

occurred by 6 hours in the oral treatment group, but there was no 

change in controls. The results indicated that oral fluid, even when 

given after marked acidosis and moderate dehydration have occurred, 

can obviate the need for intravenous therapy. 


Cash RA et al, A clinical trial of oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyg 19:653-656, 1979 (see 

No. 23). 


Mahalanabis D et al, Intraperitoneal fluid therapy in cholera 

and non-cholera diarrhoea, WHO 42:837-846, 1979 (see No. 83). 


Biddulph J, Standardized management of diarrhoea in young 

children, Pediatr Indones 11:37-46, 1971 (see No. 85). 


Ludan AC, The efficacy of oral electrolyte fluid in the therapy of 
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71. Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, John Hopkins Med J 132:197-205, 1973. 


An outbreak of cholera among war refugees from East Pakistan (now 

Bangladesh) necessitated the use of an oral rehydration solution to 

treat dehydration in a situation marked by a shortage of intravenous 

supplies, inadequate treatment facilities, and few trained personnel. 

Prior to Intervention the diarrhea case fatality rate for these 

refugee camps had been estimated at 30%. 


An oral rehydration solution (composition, in mEq/1: Na+-90, 

Cl~-60, HCO3"-30, and glucose-121 mmol/l) was packaged in Calcutta 

for use in the camps at a cost of (U.S.) 1 1/2 cents per liter. 

Sufficient quantities of potassium were not available for inclusion in 

the solution. Intravenous therapy was begun only ir, the severe cases, 

and oral therapy was given for further correction of deficits as well 

as for maintenance and replacement of continuing losses. Antibiotics 

were given when available; normal diet was resumed as soon as possible. 


3703 persons were treated during the 8 weeks of the outbreak with 

an overall diarrhea case fatality rate of 3.6%. The case fatality 

rate was only 1% in a fa-.ility manned entirely by trained personnel. 

Treatment failures were usually related to inadequate fluid volume 
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intake in patients supervised only by untrained attendants. Although 

vomiting was comnon, most persons retained enough oral fluid to 

sustain hydration. 


These results, obtained under most difficult circumstances, 

demostrated the simplicity and effectiveness of an oral rehydration 

program and the dramatic effect such a program can have on case 

fatality rates caused by cholera. 


72. Levine GM et al, Role of oral intake in maintenance of gut mass 

and disaccharide activity, Gastroent 67:975-982, 1974. 


To determine whether negative nitrogen balance or insufficient 

oral intake was responsible for atrophy and hypoplasia of the small 

intestine in fasted rats, one study group of rats was given 

intravenous alimentation while a second group of rats was given the 

same solution orally. After one week the intravenously-fed rats 

showed decreases in gut weight (22%), mucosal weight (28%), mucosal 

protein (35%), DNA (25%), and mucosal height as compared to the 

orally-fed rats. Lower total intestinal maltase (62%), sucrase (62%), 

and lactase (44%) contents were noted and the specific activities of 

maltase and sucrase but not lactase were also decreased. The 

proximal-distal gradients of mass, protein, and DNA were reduced in 

the intravenously-fed rats. 


Caution must always be used in applying results of animal 

experiments to humans. However, data in this study indicated that the 

physiologic responses related to food ingestion are important in 

maintaining small intestinal mass, disaccharidase activity, and the 

proximal-distal gradient. Withholding of food during diarrheal 

episodes, this study implied, is likely to depress these physiologic 

functions which would in turn impede food digestion and absorption 

during recovery. 


Mahalanabis D et al, Use of an oral glucose-electrolyte solution 
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The article reviewed the epidemiology of acute diarrheal diseases 

in the developing world. The clinical effectiveness and 

cost-effectiveness of oral glucose-electrolyte therapy in the 

treatment of diarrheal diseases were described. 
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74. Hirschhorn N et al, Oral glucose-electrolyte therapy for 
diarrhea: A means to maintain or improve nutrition, Am J Clin Nutr 
28:189-192, 1975. 

The relationship between repeated bouts of diarrhea and the 

development of malnutrition was explored. The rapid restoration of 

body fluids, especially by use of oral rehydration solution, and early 

feeding could help alleviate one of the principal causes of 

malnutrition. ' 


Field trials using oral therapy to treat acute diarrhea in 

children were encouraged in order to study the potential effects of 

this therapy on nutrition and mortality. 


To implement a successful oral rehydration program one should 

consider cultural attitudes regarding diarrheal disease and its 

treatment, the packaging and stability of the salts, the distribution 

of packets, and the cost. 


Brotowasisto et al, Rehydration programme in Indonesia. 

Proceedings of the 5th Asian Pacific Congress of Gastroenterology, 
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diarrhea, J Trop Ped Env Child Health 23:268-270, 1977 (see No. 101). 
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75. International Study Group, a positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

hone for the treatment of diarrhoea, Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977. 


To assess the effect of a home-administered oral therapy program 

on weight change during diarrheal episodes, children less than 5 years 

of age with diarrhea in one rural Philippine village received the 

WHO-recoramended oral solution while children similarly ill in a 

comparable neighboring city received no oral therapy. Nutritional 

information, including the need to continue feedings during diarrheal 

episodes, was given to families in both villages. Ill children in 

both villages were initially examined by the medical staff, were given 

non-specific antidiarrheal and antibiotic medications according to 

local medical practices, and throughout illness were examined at home 

daily while the nutritional education program was continued. No 

routine stool culturing was done. Serial weights were obtained during 

illness and weight surveys of nearly all community children were done 

before and after the 7-month study. 


Children given oral therapy gained nearly twice as much weight 

during an attack of diarrhea than did controls. The fluid was 

tolerated well in children with mild or moderate diarrhea with the 

exception of one child who may have had glucose intolerance. 

Hospitalization was not significantly reduced in the orally-treated 

group. Analysis of weight gain over the period of the study indicated 

an increase in the orally-treated group, but this was not consistent 

throughout the study (see later abstract). 


Since both communities received nutritional and feeding 

instructions, the increased weight gain per episode noted in the 

orally-treated group was likely to be related to taking the fluid. 

The fact that no impact was made on hospitalization rates may be 

attributable to the study design which was based on answers to 

nutritional questions and not on the initiation of early treatment of 

diarrhea. 
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Oral therapy for cholera patients has saved over $50,000 in 

parenteral fluid costs annually at the Infection Diseases Hospital in 

Calcutta, India. Oral therapy was instituted as a result of a study 

in which 92Z of moderately to severely dehydrated patients were 

successfully maintained with frequent, small amounts of oral 

rehydration fluid (thus avoiding emesis problems). Oral therapy was 

publicized via mass media and lectures and seminars for health 

professionals, and the distribution of prepackaged glucose-electrolyte 

powder for oral rehydration was vastly increased, (600,000 packets 

requested in India in 1975). Training programs were planned for 

doctors and paramedics and studies were proposed to evaluate the 

feasibility of delivering oral rehydration at the village level. 


Pierce NF et al, Oral fluid - a simple weapon against 

dehydration in diarrhoea. WHO Chron 31:87-93, 1977 (see No. 36). 


McCord C et al, A successful programme for medical auxiliaries 

treating childhood diarrhea and pneumonia, Trop Doctor 8:220-225, 1978 

(see No. 117). 


Sack DA et al, Oral hydration in rotavirus diarrhea: A double-

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978 (see No. 65). 


Thomas K et al, Oral rehydration therapy in childhood diarrhea, 

a comparative study, Indian Pediatr 15:791-796, 1978 (see No. 39). 


77. Cash RA, Oral therapy for diarrhea, Tropical Doctor, 9:25-30, 1979. 


Based on an extensive and thoughtful review of the world's 

literature on oral rehydration, the author concluded that effective, 

readily available, safe, and inexpensive oral rehydration solution can 

decrease the morbidity, mortality, and associated malnutrition of 

diarrheal diseases. Specifically, oral fluids can be used as the sole 

treatment for mild to moderately dehydrated patients and can greatly 

reduce the volume of IV fluids used to treat severely dehydrated 

patients. 


For easy distribution and to reduce the chance of errors in 

concentration, one prepackaged solution for use in all ages was 

recommended. Continued feeding during episodes of diarrhea was 

encouraged, especially in breast-fed infants. In cases of diarrhea in 

which stool electrolyte concentrations are lower than the oral fluid 

electrolyte concentrations, additional water intake may be required. 
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Oral therapy is effective in all but a small percentage of persons 

with dehydration. The major limitation is in the initial treatment of 

persons with severe dehydration or shock, altered state of 

consciousness, prolonged oliguria, severe vomiting, and severe stool 

losses. 


Nalin DR et al, Oral rehydration and maintenance of children 

with rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979 

(see No. 40). 


Nalin DR et al, The problem of emesis during oral 

glucose-electrolyte therapy given from the onset of severe cholera, 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979 (see No. 41). 


78. Rahnman MM et al, Diarrheal moitality in tv;o Bangladeshi 

villages with and without community-based oral rehydration therapy, 

Lancet 2:809-812, 1979. 


The authors designed and carried out a community-based oral 

rehydration program administered without medically trained personnel 

in 2 socioeconomically and geographically comparable villages in rural 

Bangladesh. 


In the study village, 18 local residents were selected for 

training in basic nutritional concepts and in the preparation and 

administration of the WHO-recommended ORS packet and were provided ORS 

packets for distribution in time of illness. A thorough community 

oral rehydration education program was also carried out. The second 

(control) village was informed that oral therapy was available in the 

nearby first village, but no education program or local distribution 

network were established. Neither village had qualified practioners 

or easy access to a treatment center. 


Diarrheal disease surveillance and mortality assessment were done 

by trained field workers who visited each household on a regular 

schedule. Families of persons whose deaths were attributed to 

diarrheal disease were interviewed by a physician, and a final review 

of the mortality assessment was made by an independent group of 

physicians. 


During the study period, no evidence of diarrheal disease 

epidemics was seen, and both villages had comparable attack rates of 

diarrheal diseases. Oral therapy was given to 80% of the study 

village cases identified and to 30% in the control village. Only 3% 

of those with diarrhea in the study village took more than 2 packets 

of ORS per episode and only 2% of those in the control village took 

more than one packet. The case fatality rate for diarrheal diseases 

was significantly higher in the control village (2.4%) vis-a-vis the 

study village (0.5%) with the maximum difference in rates seen in 

infants. 
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This study indicated that an oral rehydration program which 

includes vigorous educative efforts and fosters a spirit of active 

community involvement can have a significant impact on diarrheal 

disease mortality. 


Fazil et al, Treatment of children with diarrhea with UNICEF's 

oral rehydration salts in rural areas b.y midwives. (Unpublished 

document), (see No. 42). 


Hirschhorn N, The treatment of acute diarrhea in children: an 

historical and physiological perspective, Am J Clin Nutr (in press), 

(see No. 132). 


79. International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea, 

(in preparation), Part 1) Studies in two ambulatory care clinics. 


In a continuation of a previous study of the effect of oral 

therapy on the nutrition of Filipino children, a treatment center in 

one rural village was provided the WHO-recommended glucose oral 

solution while a treatment center in a second, similar village 

dispensed an identical solution except that sucrose was substituted 

for glucose. The solutions contained equal weights of glucose and 

sucrose yielding glucose concentrations of 111 mmol/1 and 56 mmol/1, 

respectively. 


The investigators followed the methodology of the previous study 

which included medical staff evaluation of all ill children reporting 

to the treatment clinics and daily home visits during illness by the 

staff in order to continue education and encourage maintenance of a 
regular diet. Weights wure monitored during illness and 
community-wide weight surveys were made four times annually with 
results compared to Philippine tneuran standards. 

Data from the current and previous studies showed no overall 

decrease in hospitalization or mortality with the oral therapy 

program. However, decreased rates of hospitalization and mortality 

from dehydration due to insufficient fluid intake were demonstrated. 

As found in the previous study, there were weight gains across 

individual episodes of diarrhea, even prolonged ones. Although the 

earlier report indicated greater weight gain over a period of months 

in children receiving oral therapy, no long-term effects on weight 

gain were shown at the conclusion of the second study. Use of 

non-specific anti-diarrheal agents were of no benefit and although the 

overall outcome was comparable, treatment with the sucrose solution 

did result in a 25% greater duration of diarrhea. 


In treating over 1600 episodes of diarrhea of unspecified 

etiology, the study showed that oral therapy administered under close 
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Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions (in preparation) (see No. 68). 


Pizarro D et al, Rehidratacidn por la vfa oral en niflos menores 

de un mes de edad. (Unpublished manuscript) (see No. 44). 


Taylor PR et al, Oral rehydration therapy for treatment of 

rotavirus diarrhea in a rural treatment center in Bangladesh (Accepted 

for publication, Arch Pis Child) (see No. 45). 
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V. IMPLEMENTATION 


Issues concerning implementation of oral rehydration 

programs are considered in this section. These include: 

the quality and type of training needed for those 

administering the program; location of administration 

facilities (e.g., rural treatment centers vs. homes); the 

method of distribution (e.g., packet vs. use of local 

sugar and salt); mode of preparation (e.g., packet vs. 

spoon vs. "scoop-and-pinch"); the assessment of fluid 

requirements and the provision of IV fluids to persons who 

cannot take initial oral rehydration treatment. There 

remains a need to develop oral rehydration programs 

incorporating the local cultural customs, beliefs, and 

practices. 


Chatterjee HN, Control of vomiting in cholera and oral replacement 

fluid, Lancet 2:1063, 1953 (see No. 2). 


Colle E et al, Hypertonic dehydration (hypernatremia): the role 

of feedings high in solutes. Pediatrics 22:5-12, 1958 (see No. 5). 


81. Jellife D, Diarrhoea in childhood in medical care in developing 

countries, Maherere, 1966. 


This article included a general review of diarrheal disease in 

childhood including discussions of etiology and management. Some of 

the therapeutic techniques that were advocated by the author are now 

outmoded, but oral therapy was described as an effective means of 

rehydrating mildly dehydrated children. The solution recommended 

contained 2 grams each of sodium chloride and potassium chloride per 

liter of water. A home-prepared fluid containing 1 teaspoon of salt 

and 8 teaspoons of sugar per liter of water was also described. 

Either fluid is to be administered by cup and spoon. There was no 

discussion of the choice of composition of either formula. 


82. Jelliffe DB, Rehydration centers in developing countries, 

(editorial), J Trop Ped 15:1-3, 1969. 


The author outlined a plan for establishing rehydration centers in 

developing countries to deliver care for children with dehydration 

secondary to diarrhea. The author discussed the proposed 

administration of oral rehydration solutions by mothers under 

supervision. The possibility of then supplying mothers with a "saline 

mixture" for home maintenance was considered. The use of oral 

rehydration early in illness, proposed the author, could lead to 
reduced hospital admissions and reduced mortality secondary to 
diarrheal disease in children. 
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Nalin DR et al, Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969 (see No. 69). 


Nalin DR et aTj Oral therapy for cholera (letter), Ann Intern 

Med 72:959, 1970 (see No. 20). 


Pierce NF et al, Oral electrolytes in cholera (letter), Ann 

Intern Med 72:959, 1979 (see No. 20). 


Mahalanabis D et al, Water and electrolyte losses due to cholera 

in infants and small children: A recovery balance study, Pediatrics 

45:374-385, 1979 (see No. 24). 


83. Mahalanabis D et al, Intraperitoneal fluid therapy in cholera 

and non-cholera diarrhoea, Bull World Health Orgn 42:837-846, 1970. 


To try to find a method simpler than intravenous therapy to supply 

maintenance fluids to small children, intraperitoneal fluid 

administration was assessed in 8 adults and 26 children (aged 6 years 

or less). Children with significant dehydration, manifested by 

decreased blood pressure, were first rehydrated by intravenous therapy 

before maintenance intraperitoneal fluids were begun. 


Intraperitoneal fluids were shown to be absorbed too slowly to be 

used for maintenance therapy in adults. In children, partial initial 

rehydration and maintenance (including replacement of on-going losses) 

therapy were successful in 16 of 19 patients. One of the failures had 

signs of peritonitis. 


The limitations of intraperitoneal fluid hydration include the 

need for close supervision and sterile conditions. The 16% failure 

rate for treating children with mild to moderate dehydration was 

higher than the failure rate for treating such children with oral 

rehydration, which does not entail comparable risks of peritonitis and 

sepsis. 


Nalin DR et al, Oral (or nasogastric) maintenance therapy for 

cholera patients in all age-groups, Bull WHO 43:361-363, 1970 (see No. 

46). 


84. Nalin DR et al, Kaolin and cholera, J Pak Med Ass 20:177-82, 

1970. 
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The use of Kaolin, frequently recommended for the treatment of 

cholera prior to the introduction of fluid and electrolyte replacement 

therapy, had never been formally studied. 


Cholera was experimentally induced in four adult dogs with 

surgically prepared jejunal loops, and the effects of Kaolin 

introduced into the prepared loops were studied. In human adults with 

cholera, a controlled trial of 300 cc. of Kaolin suspension instilled 

intragastrically was also conducted. 


In the dog studies, Kaolin prevented diarrhea if it was mixed with 

cholera toxin before the latter was instilled into the prepared 

loops. Partial inhibition of diarrhea was produced if Kaolin was 

placed in the loop before toxin. Diarrhea volume did not differ from 

untreated controls if Kaolin was administered after toxin. Kaolin 
administration did not alter the diarrhea volume in humans, 
independent of treatment with tetracycline. 

Kaolin was found to be an ineffective form of oral cholera 

therapy. The data suggested that agents which modify the intestinal 

response to cholera toxin may be more effective in reducing stool 

volume than agents which may neutralize the toxin. 


Nalin DR et al, Oral or nasogastric therapy for cholera, WHO 

Public Health Paper No. 40, Chapter 11, pp 73-76, 1970 (see No. 25). 


Nalin DR, Oral or nasogastric maintenance therapy for diarrhoea of 

unknown aetiology resembling cholera, Trans Roy Soc Trop Med Hyg 

64:769-771, 1970 (see No. 47). 


Sack RB et al, The use of oral replacement solutions in the 

treatment of cholera and other severe diarrhoeal disorders, Bull WHO 

43:351-360, 1970 (see No. 26). 


85. Biddulph J, Standardized management of diarrhoea in young 

children, Paediatr Indones 11:37-46, 1971. 


Based on previous experience with 300 dehydrated young children 

during a gastroenteritis epidemic in Papua, New Guinea, a standardized 

approach to the management of diarrhoea was developed. From this 

experience, a decision was made to treat all dehydrated cases 

intravenously with standardized amounts of 2.5% Dextrose in half 

strength Darrow's solution followed by administration of oral 

therapy. Antibiotics were not routinely used. The mortality rate 

from diarrhoea during this epidemic was below 1%. 
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The standardized treatment regimen adopted was based on the five 

points: 1) dehydration, 2) diagnosis, 3) drugs, 4) diet, and 5) 

disaccharidase deficiency. Rehydration was accomplished intravenously 

(immediately following clinical detection of dehydration), through 
continued breast feeding, and by the use of oral fluid with 
electrolytes (either a sugar-salt solution with potassium and 
magnesium added or a sweetened condensed milk solution diluted with 
water 1:8). Starvation therapy for diarrhea was felt to be 

inappropriate for young children in developing countries since it can 

exacerbate malnutrition. Disaccharidase deficiency was a problem 

found in 25% of the malnourished children but in only 2% of those who 

were adequately nourished. 


Nalin DR, Oral or nasogastric maintenance therapy in pediatric 

cholera patients, Trop Pediatr 78:355-358, 1971 (see No. 27). 


Nalin DR et al, The optimal oral therapy formula for cholera and 

cholera-like diarrheas, in Proceedings of the Sixth Annual 

International Epidemiologic Association Scientific Meeting, Belgrade, 

Savremena Administracya, pp 1048-1057, 1971 (see No. 49). 


86. Church MA, Fluids for the sick child. A method for teaching 

mothers, Trop Doc 2:119-21, 1972. 


Ugandan mothers were taught a simple, replicable method for mixing 

oral rehydration fluid. 


The mothers were taught to add two pinches of salt (using the 

thumb and two fingers) and a four-finger scoop of sugar to a mug 

(pint) of water. Juice from one orange was added as available. 

Training was performed by an experienced mother under the observation 

of a clinic medical staff. 


When a series of thirty pinches of table salt (10 each by three 

participants) and thirty pinches of sea salt (same method) were 

weighed, the mean weights were found to be in the range of 0.41 to 

0.61 grams, plus or minus 15-35%. The weight of sugar was not 

similarly tested, but was felt to be approximately 30 grams. 


Salt concentration is a crucial aspect of oral rehydration fluid, 

and the method described provided a simple means of obtaining a 

roughly appropriate concentration under supervision. Field trials to 

assess accuracy of measurement and efficacy of solution administration 

under village conditions are needed. 
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Hirschhorn N et al, Oral fluid therapy of Apache children with 

acute infectious diarrhoea, Lancet 2:15-18, 1972 (see No. 28). 


87. Hirschhorn N et al, Oral rehydration of children with acute 

diarrhoea, (letter), Lancet 2:494, 1972. 


The author described a glucose-electrolyte solution (GE-SOL) which 

could be prepared using reagent-grade chemicals and measuring spoons 

in the following manner: sodium chloride - 1/2 teaspoon, sodium 

bicarbonate - 1/2 teaspoon, potassium chloride - 1/4 teaspoon, glucose 


2 tablespoons. These powders could be combined in a plastic 

container ready for dissolving in one liter of warm water. 


Ten containers were prepared in this fashion, resulting in the 

following mean millimole/1 concentration (jf 5%): sodium-81, 

potassium-18, chloride-71, bicarbonate-28, glucose-139. One person 

could prepare 100 such containers in an hour. 


The use of spoons for measuring volumes of solutes for oral 
rehydration fluids was shown to be quick and reliable in this 
hospital-based study. 

88. Taitz LZ et al, High calorie/osmolar feeding and hypertonic 

dehydration, Arch Pis Child 47:257-260, 1972. 


The author compared the sodium content of milk prepared from 

powder by English mothers to the content in milk prepared in hospital 

milk kitchens or in a laboratory. The urine osmolarity and creatinine 

of breast-fed and cow's milk-fed infants presenting for their first 

well-baby visit (6-10 weeks of age) were also compared. 


The mean sodium content (32.7 mEq/1, range 22-66) of milk prepared 

by mothers was significantly greater (p less than 0.01) than that of 

milk prepared by the hospital staff (mean 26 mEq/1, range 25-26.8). 

Urine osmolality and urine creatinine were significantly higher in 

infants fed cow's milk than in breast-fed infants. 


Three cases of hypernatremic dehydration were described, all in 

infants fed powdered milk formula. The hypernatremia was attributed 

to mothers using heaping measures of the powder in preparation rather 

than level measures as directed. 


The findings in this study supported the concern that 

complications such as hypernatremia may develop if electrolyte powders 

are measured by volume in the field rather than prepared and packaged 

centrally. 
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Hirschhorn N et al, Ad libitum oral glucose-electrolyte therapy 

for acute diarrhea in Apache children, J Pediatr 83:562-571, 1973 (see 

No. 50). 


Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973 (see No.71). 


Mazumdar H et al, Oral rehydration in gastroenteritis in 

children, Indian Pediatr 10:315-322, 1973 (see No. 30). 


89. Rohde JE, Rehydration in the field, Paedit Indones 14:148-152, 

1974. 


Universal treatment of dehydration due to diarrhea by use of oral 

therapy was encouraged in this general review article which recounted 

the successes of oral rehydration programs in India, Bangladesh, and 

Indonesia. Educational and promotional programs to make oral therapy 

available to all sectors of society were encouraged. 


90. Rohde JE, Training of paramedical personnel. Understanding 

priorities in treatment of diarrhea, Paediat Indones 14:153-158, 1974. 


Using clinical examples for demonstration, a method for training 

medical personnel in the recognition, prevention, and treatment of 

dehydration was detailed, including instruction on the preparation and 

administration of oral rehydration solution. Diagnostic 

considerations, possible additional therapeutic interventions, and 

nutritional guidelines were discussed. 


91. Aballi AJ, Single solution not ideal for oral therapy of 

diarrhoea, (letter), Lancet 2:513-14, 1975. 


The writer expressed concern that stool sodium and potassium 

losses in children with diarrhea may vary in different populations due 

to underlying states of nutrition, climatic conditions, and the 

variable nature of locally common enteric pathogens. The writer felt 

the use of a single oral rehydration solution, although a practical 

idea, may not be ideal for use in all infants under all conditions. 

Studies in many different popultions of children are needed to assess 

the efficacy of oral rehydration, the author concluded. 
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92. Baral MR, Experience with 100 diarrhoea cases treated at Narayani 
Zonal Hospital Rehydration Therapy Center, Birgunj, J Nep Med Ass 
11:77-87, 1975. 

The impact of the f i r s t hospi ta l -based oral rehydrat ion program in 
Nepal was described. One hundred ch i ld ren , 2 days to 14 years of age, 
were t rea ted with a locally-produced oral so lu t ion ( c lose ly 
approximating the WHO-recommended composition) for mild to moderate 
dehydration or with intravenous (IV) therapy for severe dehydrat ion. 
The e t io log ie s of the diarrhea were not repor ted; a l l ch i ld ren 
received a n t i b i o t i c therapy. Systemic infect ions were noted in 6 
ch i ld ren , and 11 were judged c l i n i c a l l y to be malnourished. 

Twenty-one chi ldren died, 17 within the f i r s t 24 hours of 
admission. D i f f i cu l t i e s in i n i t i a t i n g IV therapy in some severely 
dehydrated cases were noted and might have p a r t i a l l y accounted for 18 
of the 21 deaths occurring in the less than 1 age group. The 
comparatively lower f a t a l i t y ra te using oral therapy was f e l t to be an 
ea r ly indica t ion favoring the use of o ra l rehydrat ion in h o s p i t a l s . 

In addi t ion to providing ora l rehydrat ion therapy, f a c i l i t i e s for 
administer ing pa ren te ra l f lu ids to severely dehydrated and otherwise 
complicated pa t i en t s should be included in any ora l rehydrat ion 
program. 

De S et a l , Oral f luid therapy for cholera and non-choleraic 
diarrhoeas in chi ldren , J Com Pis 7:124-128, 1975 (see No. 32) . 

E d i t o r i a l , Feeding s ick bab ies , , Br Med J 4:539, 1975 (see No.51). 

Hirschhom N et a l , Oral g lucose -e lec t ro ly te therapy for 
d ia r rhea : A means to maintain or improve nu t r i t i on? Am J Clin Nutr 
28:189-192, 1975 (see No. 74) . 

E d i t o r i a l , Oral g lucose -e l ec t ro ly t e therapy for acute d i a r rhea , 
Lancet 1:79-80, 1975, (see No. 34 ) . 

93. Mahalanabis D et a l , Present and future of o r a l rehydra t ion 
therapy for d iarrhoeal d iseases with specia l reference to hea l th care 
de l ive ry , Ind J Prev Soc Med 6:286-290, 1975. 

The successful use of ora l rehydrat ion solu t ions in c l i n i c a l and 
f ie ld t r i a l s to t r e a t a l l types of d iarrhea in a l l age groups was 
documented. To overcome major problems in de l ivery , measurement 
techniques involving use of a syr inge ba r re l or a p l a s t i c spoon were 

70 




described. If prepackaged solutions are to be used, the authors 

recommended a "kangaroo packet" in which salts are separately packed 

from glucose to provide longer shelf life. Detailed information was 

provided on use of these techniques. 


94. Anon, Treatment and prevention of dehydration in diarrhoeal 

diseases: a guide for use at the primary level, WHO publication, 1976. 


Simple guidelines for treatment and prevention of diarrheal 

dehydration were presented in order to aid the training of primary 

health workers to prepare their own guidelines adapted to local needs 

and resources. 


The dangers, treatment, and prevention of diarrhea were discussed 

along with information on the preparation and administration of oral 

rehydration solutions. Methods for evaluating nutritional status and 

for imlementing educational programs were also included. 


Bart KJ et al, Single solution for oral therapy of diarrhoea 

(letter), Lancet 2:633-634, 1976 (see No. 54). 


95. Brotowasisto et al, Rehydration Programme in Indonesia. 

Proceedings of the 5th Asian Pacific Congress of Gastroenterology, 

Singapore, 488-490, 1976. 


This preliminary evaluation of the Indonesian oral rehydration 

program included a description of the country's environmental 

conditions and the nature of its diarrheal disease problem. A 

diarrheal disease control program has been developed with the 

long-term goal of reducing the incidence of diarrhea by providing a 

safe water supply, good latrines, improved health education, and a 

comprehensive nutritional program. 


To accomplish the short-term goal of preventing or reducing deaths 

due to diarrhea, a program has been established which encourages early 

administration of oral therapy to all persons with diarrhea, use of 

oral therapy to treat mild to moderate cases of dehydration, and use 

of initial intravenous followed by oral therapy for treating severe 

dehydration. 


In implementing the program, oral rehydration salts packets will 

be provided to public health nurses, field workers, social workers, 

and village volunteers as well as to hospitals and treatment centers. 

Mothers will be educated in the efficacy, preparation, and 
administration of oral solution. A marketing study will be carried 
out. 

71 




The preliminary resul ts revealed that the case - fa ta l i ty rate in 
severely dehydrated cases admitted to hosp i t a l s and hea l th centers has 
been reduced from 10-30% to 0.5% a f t e r i n i t i a t i n g the dehydration 
treatment program. 

96. Hatcher G, Diarrhoea, Bri t Med J 1.-571-3, 1976. 

This is a br ief but helpful review of the pathophysiology, 
d i f f e r e n t i a l d iagnosis , and management of childhood d i a r rhea l 
d i s e a s e . Home management and prepara t ion of an oral rehydrat ion 
so lu t ion containing 5% glucose were discussed. Sal t was excluded from 
th i s homemade solut ion because i t is " p o t e n t i a l l y more dangerous than 
useful unless i t i s accura te ly measured." Strong recommendations 
aga ins t the use of Kaolin, op i a t e s , codeine, lomotil and o ther 
medications directed at suppression of symptoms were presented. 

Sal t i s no more l ike ly to be inaccura te ly measured than sugar, and 
a hyperosmotic glucose so lu t ion can produce the same problems as a 
hypertonic s a l t so lu t ion , despi te the opinion expressed in t h i s 
a r t i c l e . Both should be included in home prepared o ra l rehydra t ion 
fluid as long as the parents can be properly t rained in the 
p repara t ion . Barring t h a t , o ra l rehydrat ion should take place under 
c lo se r supervision by hea l t h - ca r e personnel . 

97 . Moran M, Oral rehydrat ion therapy in home and h o s p i t a l : 
experience in ru ra l Niger ia , Ped Nurs Sept/Oct, 32-33, 1976. 

A missionary nurse working in a rura l Nigeria hosp i ta l found that 
o r a l rehydrat ion solu t ions prepared from powdered e l e c t r o l y t e s and 
glucose were p rac t i ca l and e f fec t ive in t r e a t i n g d ia r rhea l rehydrat ion 
in ch i l d r en . 

Two solu t ions were used. I n i t i a l l y , oral so lu t ions were made 
using Morley's formula of a th ree - f inge r pinch of s a l t and a 
th ree - f inge r scoop of sugar dissolved in a p in t of water with the 
addi t ion of the juice from one orange, if a v a i l a b l e . However, when 
several unexplained sudden deaths occurred which were presumed to be 
due to hypokalemic cardiac anhythmias, the inves t iga to r s u t i l i z e d a 
second formula-Hirschhorn1s GE-SOL. GE-SOL cons i s t s of 2 tablespoons 
of glucose, one-half teaspoon of sodium ch lo r ide , one-half teaspoon of 
sodium bicarbonate , and one-quar ter teaspoon of potassium ch lor ide 
dissolved in one l i t e r of water . Infants were e i t h e r fed t h i s 
so lu t ion by cup and spoon or had i t infused, a l t e r n a t i n g with 
expressed breas t milk, v ia nasogas t r ic tube. 

The number of infants t rea ted in t h i s manner was not s t a t ed nor 
was the c l i n i c a l success r a t e , but the implicat ion was tha t the method 
was highly s a t i s f ac to ry , both to the mother and the hea l th care 
workers. 
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Naik NV eiE al", Oral
young children, Ind Pediatr

 rehydration
 13:127-133,

 lii acute gas tro-enter i t i s
 1976 (see No. 55) . 

 In 

Nalin
( l e t t e r ) ,

 DR et a l , Sodium content in
 Lancet 2:957, 1976 (see No. 56) . 

 oral therapy for diarrhoea 

Rah i l l y PM et a l , C l in ica l comparison between glucose and 
sucrose addi t ions to a basic e l e c t r o l y t e mixture in the o u t - p a t i e n t 
management of acute g a s t r o e n t e r i t i s in ch i ldren , Arch Dis Child 
51:152-154, 1975 (see No. 5 7 ) . 

98. Rohde
Foundation

 JE et a l , Taking science
 Symposium 42:339-358 , 1976. 

 where the diarrhoea i s , CIBA 

This general review a r t i c l e t raced the effect of laboratory 
cholera research s tudies on the advances in c l i n i c a l treatment 
c a p a b i l i t i e s . The advent of o ra l rehydrat ion therapy has g r e a t l y 
s implif ied treatment of dehydrat ion. Experience from ORT t r i a l s has 
shown that most persons can be rehydrated and maintained using o ra l 
r a t h e r than intravenous f luids if oral rehydration is s t a r t ed ea r ly 
enough; that c l i n i c a l ra ther than laboratory c r i t e r i a can be e f f ec t ive 
in assess ing fluid needs; and that t h i r s t can serve as the main 
c r i t e r i o n for administering f l u i d s . A recommended e l e c t r o l y t e 
composition of the fluid was not discussed, but s tudies repor t ing that 
sucrose can be e f fec t ive ly subs t i tu ted for glucose were c i t e d . 

Considerations in implementing an oral rehydration program were 
discussed using the experience in Indonesia as an example. Oral 
rehydrat ion s a l t s packets have been d i s t r i bu t ed to 2000 rural hea l th 
c e n t e r s , but it was estimated that only a small percentage of 
d ia r rhea l cases were using the treatment cen t e r s . Involving v i l l a g e 
leaders in providing i n i t i a l therapy was one s t ra tegy the author 
recommended to obtain wider coverage. Another method ident i f ied was 
promoting the local production of o ra l rehydration s a l t s packets and 
the u t i l i z a t i o n of ex i s t i ng local d i s t r i b u t i o n networks for marketing 
the packets . The widespread acceptance of oral therapy depends on the 
development of e f fec t ive education programs individualized to the 
b e l i e f s , p rac t ices and t r a d i t i o n s of the society involved. 

99. Sedgwick JR et
Lancet 1:1194-1195,

 a l ,
 1976. 

 Oral rehydrat ion in ru ra l India , ( l e t t e r ) , 

This l e t t e r described a program to evaluate the f e a s i b i l i t y of 
t r a i n i n g poorly-educated Southern Indian mothers to prepare the 
WHO-recommended o ra l rehydrat ion solut ion in t h e i r own homes. Mothers 
who had brought chi ldren with d iar rhea and some degree of dehydration 
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to a hospital outpatient c l in i c were taught by a native nurse to boil 
water, mix in the contents of the packet, l e t the mixture cool , and 
administer i t to the chi ld . Obtaining correct volume measurements was 
a major problem as several local cooking u t e n s i l s and g lasses of 
var ious s izes were used. 

After i n s t r u c t i o n , the mothers prepared the so lu t ions in t h e i r own 
homes while a control group of mothers who received the same 
i n s t r u c t i o n s prepared o ra l so lu t ions under superv is ion . 

Sodium concent ra t ion , measured in 66 samples produced without 
superv is ion , had a mean of 120 mmol/1 (versus the 90 tnmol/1 expected 
from the packet) and a range of 39 to 510 mmol/1. A mean of 105 
mmol/1 and a range of 61 to 163 mmol/1 was found in the 12 samples 
produced under supervis ion. 

To reduce the chance for producing hypertonic s o l u t i o n s , the 
authors suggested designing packets based on the volume of the 
smal les t s ize of local conta iner . Also, by using smaller volume 
prepara t ion , the authors theor ized , contamination of the so lu t ion 
would be less l i k e l y . 

The importance of e s t ab l i sh ing a uniform volume measure vessel for 
o ra l so lu t ion preparat ion and the need to provide a thorough t r a i n i n g 
program were c l ea r ly demonstrated by these r e s u l t s . 

100. Ware S, Hypernatremia and glucose water, ( l e t t e r ) Lancet 1:494, 
1976. 

Hypernatremic dehydration resu l ted when the parents of a 
seventeen-month-old chi ld with diarrhea were ins t ruc ted to give him 
only "glucose water ." In the absence of c l e a r e r i n s t r u c t i o n s , a 
hyperosmolar 15-20% glucose solut ion was prepared and fed. This 
apparent ly caused osmotic d iarrhea leading to hypernatremic 
dehydrat ion. 

This repor t served as a warning that without proper t r a i n i n g , 
persons preparing o ra l rehydrat ion so lu t ions at home may cause r a the r 
than a l l e v i a t e problems. 

101. Bollag U, Cup and spoon rehydrat ion of chi ldren with acute 
d i a r rhea , J Trop Ped Env Child Health 23;268-270, 1977. 

The r e s u l t s of a program introducing a cup and spoon rehydrat ion 
method in a Jamaican child care center were descr ibed. 

Sixteen ch i ldren (age range: 6 months to 5 years) with " sporad ic , 
unspecif ied" d iar rhea were t rea ted with an oral rehydration so lu t ion 
(prepared using one "3 finger pinch" of s a l t and sodium bicarbonate 
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and 2 teaspoons of "Mist, potassium chloride" dissolved in 100 cc. of 

water). None of these children had to be hospitalized. 


The author supported the early administration of oral therapy for 

diarrheal illness and early resumption of feeding if tolerated by the 

child. Use of a cup and spoon to provide small amounts of fluid at 

frequent intervals was recommended. For community-based programs, the 

fluid must be simple to prepare from easily available ingredients. 


102. Chakraborty ' B, Management of infants and children with acute 

diarrhoea, J Ind Med Assn 69:280-283, 1977. 


The author outlined an essentially clinical approach to the 

diagnosis, continuing assessment, and management of childhood 

diarrheal disease. Oral therapy with the WHO packet (ORALYTE or ORS) 

was recommended where excessive vomiting does not preclude its use. 

According to the author, oral rehydration should only be used when 

initial rehydration has been completed via 24-36 hours of intravenous 

infusion. No reference was made to the use of oral rehydration fluid 

for rehydration therapy. 


Chatterjee A et al, Evaluation of sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea. Lancet 1:1333-1335, 

1977 (see No. 58). 


103. Cutting WAM, Rehydration *olution» and doeettic measurements, 

(letter) Lancet 2:663-64, 197?. 


The reliability of the pinch techniqi*r far *alt *w4«uremenl was 

tested using 4 group* of pcoplr. 


In India, 127 person* »ca«_re,l crude *alt *nd 78 person* measured 
refined salt 10 t m  n ci;h .ttinf, :he pinch technique. Refined salt 
was measured by '>I jwaplc in Trinidad (5 deirtninai una each) and by 2 
English people (10 determination* each). 

An "unaccept abl y vide variability" In scuutrJ weight* wa* found. 

Finger ii«e was not correlated with pi.-. ••. weight. 


It was speculated that variability in weight* aay be related to 

in tercul tural difference* in the u»e of hand* in cooVmg and earing. 

The study demonstrated that before technique* like the pinch method 

are employed in making oral rehydration fluid in any locale, they must 

be carefully tested under the conditions found there. 
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104. Gracey M et al, ROSE system for treatment of cholera 

dehydration, (letter), Brit Med J 1:839-840, 1977. 


This letter reported the success of a simultaneously-administered 

IV and oral rehydration program in severely dehydrated, hospitalized 

Indonesian children (ROSE: Rehydration, Oral, Simultaneous IV, and 

Education of mothers about diarrhea and dehydration). 


In February and May 1976, 2 groups of children with dehydration 

and shock secondary to severe diarrhea were rehydrated by simultaneous 

administration of IV Ringer's lactate and an oral solution given ad 

libitum (in mmol/1: Na+-85, Cl"-70, HC03-30, K+-15, and 

glucose 120). Breastfed children continued breastfeedings during 

treatment. A total of 165 children were treated in the 2 studies (95 

in February and 70 in May) with 15 less than 12 months of age, 73 aged 

1-6 years, and 77 aged 6-13 years. 


V. cholerae was found in 48 of 63 stool cultures performed. Most 

children were discharged following 8 hours of therapy and on follow-up 

at 3 days, no deaths or significant clinical complications were noted. 


The authors supported their conclusion that a simultaneously 

administered IV and oral rehydration program is efficacious by noting 

that the mortality from childhood cholera in Indonesia had fallen from 

46% in 19G3 to 10% in 1973 (when NaHC03 was added to IV fluids), to 

3.5% in 1974 (when therapy of IV Ringer's followed by oral rehydration 

was instituted) to zero in the present study. 


International Study Group, A positive effect on the nutrition of 
Philippine children of an oral glucose-electrolyte solution given at 
home for the treatment of diarrhoea. Report of a field trial by and 
international study group, Bull WHO 55:87-94, 1977 (see Ho. J5)_. 

10.r>. Jere A, A little radio goes a long way.. .sometimes, In teaching 

nutrition in developing countries, edited by Kathryn Shack, Meals for 

Millions Foundation, Santa Monica, California, 87-96, 1977. 


The author discussed the use of radio to publicize public health 

programs and the possible pitfalls in various nutrition education 

campaigns. For example, radio programs produced at the capital by 
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experts advised by nutritionists, are often based on a different set 

of concepts than those held by villagers. Feeding a child who is 

suffering from diarrhea is a basic and correct health lesson, but the 

idea may He abhorrent to mothers because they believe it could 

increase the amount of diarrhea. The need to design health education 

programs based on local customs and beliefs was clearly stated. 


Lishnevsky MS et al, Oral rehydration treatment benefits Lao 

children with diarrhoea, WHO Chron 31-.421-422, 1977 (see No. 35). 


106. Kielmann AA et al, Home treatment of childhood diarrhea in 

Punjab Village, J Trop Rd Env Child Health 23:197-201, 1977. 


Although effective oral rehydration treatment programs have been 

frequently carried out in institutional settings, the authors noted 

that relatively few reports of successful management have come from 

community-based programs. A discussion of the problems in instituting 

a village-based oral rehydration program to treat childhood diarrhea 

cases in 13 rural Indian villages was presented. Most children were 

treated with a solution made in the home from local sugar, salt, and 

water. 


An intensive training program was required to change the existing 

village practices of treating diarrheal disease and restricting food 

and milk intake during illness. Mortality from diarrheal disease 

decreased after initiating this training program which had placed 

primary responsibility for treating all but the most severe cases in 

the hands of auxiliaries and mothers. 


The authors noted that the cost of using prepackaged solutions to 

treat all cases of diarrhea (most of which are mild and self-limited) 

could be prohibitive in areas with limited monetary resources. 


107. Nichols BL et al, A critique of oral therapy of dehydration due 

to diarrheal syndromes, Am J Clin Nut 30;1457-72, 1977. 


Diarrheal diseases are a major cause of death in children less 

than five years of age, and virtually all these deaths occur in the 

developing countries. A simple and easily administered therapeutic 
approach such as oral rehydration is essential to reduce diarrheal 
mortality rates. 
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Information regarding the design and composition of oral 
rehydration solutions was presented and the problems of trying to 
treat all varieties of fluid and electrolyte loss with one solution 
were discussed. Since treatment of acute diarrhea is concerned with 3 

objectives (treatment of shock, replacement of losses, and provision 

of maintenance needs), one oral solution may not be appropriate in all 

treatment situations. To illustrate, the authors pointed out that 

high solute rehydration solutions may have a lower safety margin (more 

likely to produce Hypernatremia) in persons with increased insensible 

water losses and decreased renal concentrating ability. 


In designing ORT programs, the authors felt, knowledge of local 

beliefs, customs, and practices is essential and the use of locally 

available fluids, such as soft drink, soups, and teas should be 

investigated as to their potential efficacy. The continuation of 

breastfeeding and early initiation of regular food intake during 

diarrheal episodes was encouraged. 


108. Hirschhorn N, Treatment of diarrheal dehydration, (letter), Am J 

Clin Nutr 31:1967-1968, 1978. 


This letter coimrented on practical, conceptual, physiological, and 

historical "fallacies" in the review article by Nichols and Soriano 

(see preceeding abstract, "A critique of oral therapy of dehydration 

due to diarrheal syndromes," Am. J. Clin. Nutr. 30:1457-1472, 1977). 

Hirschhorn contended that lower sodium concentrations in oral 

rehydration solutions could result in hyponatremia and that treatment 

of seriously dehydrated children requires a high sodium concentration 

which can, at any rate, be tolerated by children less seriously ill. 


109. Nichols BL, Reply to letter by Hirschhorn, (letter), Am J Clin 

Nutr 31:1969-1970, 1978. 


In responding to Dr. Hirschhorn's critique of his article, Dr. 

Nichols continued the debate concerning the optimal composition for 

oral rehydration solutions. 


Balance studies done during oral rehydration of children in 

developing countries support Hirschhorn's recommendation of the use of 

a 90/mEq/l sodium solution. Whether such a solution would be 

efficacious in treating children in developed countries has not been 

determined. 
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Pal SC, Promotion of oral rehydration therapy in India, WHO Chrori 

31:470-471, 1977 (see No. 76). 


Palmer DL et aFj Comparison o~f sucrose and glucose in" the oral 

electrolyte therapy of cholera and other severe diarrheas, N Engl J 

Med 297:1107-110, 1977 (see No. 59). 


Field M, New strategies for treating watery diarrhea, Editorial, N 

Engl J Med 297:1121-1122, 1977 (see No. 60). 


Snndle GI et al, Oral therapy in cholera (letter), N Engl J Med 

298:797-798, 1978 (see No. 61). 


Pierce NF et al, Oral fluid-a simple weapon against dehydration 

in diarrhoea, WHO Chron 31:87-93, 1977 (see No. 36). 


110. Rohde JE et al, Rehydration is everybody's business, 

(editorial), J Trop Ped Env Child Health 23:109-110, 1977. 


The efficacy of oral rehydration in the treatment of acute 

diarrheal disease in children was clearly stated, as was the opinion 

that this technology must be removed from the "official" health-care 

establishment and placed in the hands of "the people themselves" at 

the village level. The mothers of the developing world must be given 

adequate training so that they can accept the responsibility for 

administering oral rehydration therapy. To achieve this methods of 

health care delivery the hard-sell techniques of private industry must 

be copied with doctors taking the lead in the campaign. 


111. Rohde JE et al, Therapy begins at home: management of acute 

diarrhea in the developing world, Proc Int Cong of Ped (New Delhi, 

1977), pp 809-819, 1977. 


Diarrhea is a major public health problem, causing an estimated 5 

to 18 million child deaths in 1976. In addition, diarrheal disease 

can play a significant role in the development of malnutrition. 


Despite diverse etiologies, diarrhea treatment is uniform, con­

sisting of replacement of salt and water losses. The administration 
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administration of oral rehydration solutions is a simple technique and 

can be carried out by the families of ill persons. Loss of water and 

electrolytes should be considered as fluid-electrolyte malnutrition 

(FEM); thirst is an early symptom and is naturally countered by 

drinking. 


Salt, sugar and water are natural dietary ingredients and should 

be regulated as foods, not medicines. Glucose-electrolyte packets 

should be in every home and commercial firms could be encouraged to 

manufacture and distribute rehydration drinks. Since over half the 

price of a liter packet (US 12 cents) is for packaging, provision of 

bulk supplies distributed through village outlets could reduce the 

price. Home rehydration with sucrose electrolyte solutions is also 

feasible. 


Government officials, physicians, and mothers must be persuaded 

that deaths from diarrhea need not occur. This education must be done 

in the context of local beliefs, customs and practices. 


Recent Philippine studies indicate that oral rehydration may have 

a positive effect on malnutrition. When combined with early refeeding 

oral rehydration could potentially have an even greater effect on 

malnutrition. Maternal participation is indispensable to the success 

of the strategies outlined above. 


112. Anon, Control of diarrhoeal diseases: WHO's programme takes 

shape, WHO Chron 32:369-372, 1978. 


This report included a brief review of the epidemiology and public 

health importance of diarrheal diseases in children and described the 

WHO program for controlling these diseases. 


Oral rehydration therapy has made possible an immediate program of 

mortality reduction. Feasibility and acceptability studies of oral 

therapy have been undertaken in Costa Rica, Egypt, El Salvador, 

Guatemala, India, Iran, The Lao People's Democratic Republic, Liberia, 

Nigeria, the Philippines, and Turkey in order to determine whether 

oral rehydration can be effectively administered through existing 

health services in countries with different cultures and health care 

methods. WHO-supported studies in the Philippines and Turkey have 

shown that oral rehydration may improve weight gain during diarrheal 

episodes and thus may have an ameliorative effect on malnutrition. 


The proposed mechanism for the WHO program is to promote a 

partnership arrangement between WHO and national health authorities. 

The national programs should operate through existing primary health 

care infrastructures as much as possible. 
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113. Fortin J et al, Dehydration scoring system for infants, J Trop 

Pediatr and Environ Child Hlth 24:110-114, 1978. 


The authors described a scoring system for grading severity of 

dehydration in Tunisian infants which permitted nursing staff to 

classify a patient as mildly, moderately, or severely dehydrated in 

under one minute. The system was based on observation of seven 

physical signs, using descriptive terras chosen by the nursing staff. 

Low-scoring infants were put on oral therapy; moderate-scoring infants 

were put on oral therapy if they accepted it without vomiting; 

high-scoring infants were treated intravenously, with scoring repeated 

every three hours. In each case, antibiotics were given only in the 

presence of specific indications. After a month of use, close 

agreement was achieved among the medical and nursing staff who scored 

the patients. 


Eight hundred forty-one children aged one to 24 months were scored 

for dehydration during one summer. Gomez scores were presented. 

Seventy percent of admissions for diarrhea and rehydration were of 

undernourished children. Outpatients seen at the hospital often 

showed dehydration; those seen at the MCH center rarely did. Many 

children with low dehydration scores were admitted to hospitals 

because of malnutrition as evidenced by skin-fold. 


Of all patients, 75 were admitted to the hospital and 44 treated 

intravenously. Thirty-one patients were treated intravenously in the 

MCH centers. Thirty patients died, including 27 who were 

undernourished. The authors felt that use of the clinical scoring 

system was preferable to attempting to ascertain exact loss of 

weight. Moreover, the rescoring at three-hour intervals required 

nursing staff to observe the patient more thoroughly. Fatalities in 

the pediatrics department dropped from 26.1% to 13% after the 

introduction of the scoring system. 


The advantages of this system included standardization of 

management norms for non-medical staff and reduction of physician 

workload. Undernourished children are a high-risk group among the 

dehydrated; the scoring system distinguished between malnutrition and 

dehydration. While the scoring system under discussion was used for 

summer diarrhea, the criteria chosen are independent of etiology and 

can be used in other circumstances in which dehydration might result, 

such as diabetes, hyperpyrexia, and "salt-losing" syndromes. 


114. Hendrata L, Spoons for making glucose-salt solution, Lancet 

1:612, 1978. 


The author described the development of a simple plastic spoon 

with two deep cylindrical wells for measuring nugar and salt, 
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respectively, for preparing oral rehydration fluids in Indonesian 

homes. Cost of the spoon was 0.5 cents, U.S.. 


The spoon measured 4 grams of granulated sugar and 0.9 grams of 

table salt to be added to 200 cc of water (chosen because of the 

ubiquity of drinking glasses with 185-220cc capacity in Indonesia). 

In the study, mothers generally mixed "safe" concentrations of sodium 

chloride. 


This letter described in general terms the reliability of a fluid 

preparation method in which measuring and mixing are done by the 

provider. Studies to determine the accuracy of solution preparation 

in the home remain to be done. 


This study utilized a more "culturally available" volume for 

dilution than the liter. Such cultural differences in volume 

determinations may make worldwide standardization of oral rehydration 

fluid volumes difficult. 


115. Hirschhorn N, Diarrhoeal control: opportunities and constraints 

as illustrated by development of an oral therapy programme, WHO 

unpublished manuscript, DDC/AGPD/15, 1978. 


This was a review of the available alternatives for composition, 

production, distribution, preparation, and use of oral rehydration 

solutions. Although some questions remain unanswered in all of these 

categories, the author felt we should "get on" with utilizing oral 

rehydration therapy. 


116. King M et al, Chapter 9, Primary child care - A manual for 

health workers, Oxford University Press, Oxford, 1978. 


This book offered a comprehensive, well written and concise 

chapter on diarrhea, including associated complications and 

appropriate treatments. Diarrhea was clearly defined and a discussion 

of its various etiologies (cholera, giardiasis, dysentery, etc.) and 

specific clinical assessment was included. Breastfeeding throughout 

the diarrheal episode was strongly encouraged. The authors urged that 

giving food throughout the diarrheal episode is important because the 

child has a better chance of maintaining his nutritional state. 

Clinical signs of dehydration and methods of determining use of oral 

versus intravenous rehydration were reviewed. The section on 
rehydration covered intravenous and intraperitoneal rehydration and 
use of two kinds of oral rehydration. 

Mothers should be taught to mix the oral fluids in a clinic 

setting before using it at home. Clinical examples can be helpful in 

showing the relationship between dehydration and diarrhea. Drugs 

are not necessary for most children with diarrhea unless a 
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causative agent is found. Some drugs may cause diarrhea and can harm 

the normal gut flora. The entire chapter (and book) was illustrated 

with helpful diagrams and charts about measuring, mixing and giving 

oral, intravenous, or intraperitoneal fluids. 


The efficacy of oral rehydration in treating diarrheal dehydration 

was stressed along with the need to provide an educational program to 

supply information on diarrheal diseases, nutrition, and personal and 

food hygiene. 


117. McCord C et al, A successful programme for medical auxiliaries 

treating childhood diarrhea and pneumonia, Trop Doctor 8:220-225, 1978. 


While evaluating childhood mortality data in 13 rural Indian 

villages the authors found oral rehydration therapy was not well 

accepted by mothers and was considered inferior by the village medical 

auxiliaries. A training program for the health workers was 

instituted, resulting in greater utilization of oral rehydration and a 

statistically significant decrease in the diarrheal disease mortality 

rate despite an increase in incidence of diarrheal disease over the 

same period of time (January 1971 to May 1973). 


To provide a successful oral rehydration program, a continuous 

analysis of effectiveness of the program and in-service training based 

on the analysis is essential. 


118. Melamed A et al, Spoons for making glucose-salt solution, 

(letter), Lancet 1:1317-18, 1978. 


The reliability of using measuring spoons to determine the amount 

of sugar and salt needed to prepare oral rehydration solutions may be 

significantly compromised by the grade of solute available. 


Using the spoons described by Morley and King (see abstract 

No. 120, "Spoons for making glucose-salt solution," (letter) Lancet 

1:53, 1978), five grades of sodium chloride (reagent grade to coarse) 

as well as glucose and brown sugar were measured and then weighed at 

least five times each under the following four conditions - damp 

(normal climate circumstances) and leveled; damp, packed, and leveled; 

dried and leveled; and dried, packed, and leveled. 


Coarse salt in the normal damp state, leveled but unpacked, had a 

mean weight of 1.8 to 2.4 grams, depending on the grade, instead of 

the expected 3.5 grams. Reagent-grade dried, packed and leveled 

sodium chloride had a mean weight of 3.5 grams. Glucose measured with 

the described spoon weighed less than expected unless it was dried, 

packed, and leveled (mean weight 19.3 grams; expected - 20 grams), 

whereas brown sugar had a mean weight of 19.6 grams damp and leveled 
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and 23.4 grams damp, packed, and leveled. When a "pinch-and-scoop" 

method was used, two three-finger pinches of coarse salt delivered a 

mean of 4.4 grams, and a four-finger scoop of sugar delivered a mean 

of 18.3 grams. 


Certainly the quality of local salt and sugar supplied and the 

contribution of absorbed or adsorbed water to their volume and weight 

must be considered when use of measuring spoons is advocated. Local 

variability of environment and supplies must be taken into account 

when standardized approaches are advocated. 


Moenginah PA et al, Sucrose electrolye solution for oral 

rehydration in diarrhea, J Trop Ped Env Child Health 24:127-129, 1978, 

(see No. 63). 


119. Morley D et al, Spoons for making glucose-salt solution, 

(letter), Lancet 1:53-4, 1978. 


The authors described a set of individually labeled measuring 

spoons with cylindrical wells to be used by junior health workers, not 

mothers, to measure the 20 grams of glucose, 3.5 grams of sodium 

chloride, 2.5 grams of sodium bicarbonate, and 1.5 grams of potassium 

chloride needed to produce 1 liter of oral rehydration solution. The 

spoons could be used at health posts to provide an easy and accurate 

method of preparing oral rehydration solution. Although the potassium 

spoon is red and the others blue, the potential of using the wrong 

spoon to measure an ingredient must be explored. 


Nalin DR et al, Comparison of sucrose with glucose in oral 

therapy of infant diarrhoea, Lancet 2:277-279, 1978 (see No. 64). 


120.Nalin DR, "A spoonful of sugar...," (letter) Lancet 2:264, 1978. ~ 


The author described the vagaries of home preparation of oral 

rehydration fluid, especially the variabilities in the quality and 

measurement of constituent (including the volume of dilution). A 

plastic bag containing pre-measured ingredients with instructions to 

fill it with water to a marked volume level was proposed. Such a bag 

could be locally manufactured and, according to the author, ought not 

to add substantially to the cost of packaging. 


The problems of local availability of the high grade reagents 

needed and the technology for calibrating the volume of the plastic 

bag were not addressed. 
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121. Ranaoroe-Kuti 0 et al, Oral therapy of infant diarrhoea, 

(letter), Lancet 2:471, 1978. 


The authors stated that immediate institution of maternal home 

oral therapy using a sugar-salt solution could decrease 

gastroenteritis mortality in preschoolers in the developing world. 


The idea of oral rehydration has spread rapidly in Lago, Nigeria, 

based on a survey of new mothers, but less than 1/2 of the women aware 

of the treatment knew the correct proportions of the ingredients. Use 

of too much salt was a common error. 


The authors felt that a simple measuring spoon giving the actual 

quantities of ingredients would improve the accuracy of mixing. 


122. Rohde JE, Preparing for the next round: convalescent care after 

acute infection, Am J Clin Nutr 31:2258-2268, 1978. 


Rohde believes that the application of our present knowledge in 

public health and preventive medicine is more important than continued 

research. "Knowledge is not enough, and the quest for more often 

hinders the field application of what we already know." 


Not usually considered in the realm of preventive medicine, Rohde 

feels effective home-based convalescent care is the first important 

step in preventing future illness in children. Rather than as a 

passive recipient of health services, the mother should be supported 

as the basic health worker providing primary care for her child. 

Greater attention must be paid to "mothering"—the poorly defined but 

crucial interaction between mother and child. 


Not all illnesses have the same nutritional impact. Respiratory 

illnesses do not have the same effect as diarrheal diseases. More 

frequent diarrheal illnesses result in more severe weight deficits. 


Rohde reported on a successful program in Java where mothers 

gather once a month to weigh their own children and record their 

weights. A remarkable finding was the large number of well-nourished, 

healthy children in poor communities. The mothers of these children 

are the real experts and they are encouraged in the monthly gatherings 

to share their experiences and child-rearing practices with their 

neighbors. The mothers become responsible for the program, view it 

with pride and concern; this, Rohde feels, accounts for much of its 

success. With UNICEF and World Bank assistance, Indonesia is trying 

to expand this approach to many of its 65,000 villages. 
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Sack DA et al, Oral hydration in rotavirus diarrhoea: A 

double-blind comparison of sucrose with glucose electrolyte solution, 

Lancet 2;280-283, 1978 (see No. 65). 


123. Sack RB et al, The current status of oral therapy in the 

treatment of acute diarrheal illness, Am J Clin Nutr 31:2251-2257, 

1978. 


An evaluation of the efficacy of oral rehydration therapy to treat 

diarrheal dehydration was presented. Hospital, clinical, and home-

based trials were cited and nutritional impact was discussed. 


The controversy over the optimal composition for oral solutions 

was detailed as were alternative methods of delivery. The effect of 

oral rehydration on nutrition and its efficacy in very young infants, 

wrote the author, are areas requiring further studies. 


Seriki 0, Management of moderately severe dehydration by 

continuous intra-gastric infusion of electrolyte solution, Trop Doctor 

8:134-136, 1978 (See No. 38). 


124. Agarwol A, A cure for a killer—but how to deliver it?, Nature 

278:389-391, 1979. 


This was a review, in news report style, of the importance of 

childhood diarrhea as a cause of morbidity and mortality in the 

developing world and of the efficacy of oral rehydration therapy in 

treating diarrhea. The WHO/UNICEF approach of distributing packaged 

glucose-electrolyte powder for dilution in a liter of water was 

described and compared to home preparation of oral rehydration fluid. 

Conflicting viewpoints on the composition, preparation, and delivery 

of the fluid were presented. 


125. Anon, The control of acute diarrheal diseases: WHO and UNICEF 

collaborate in country programmes, WHO Chron 33:131-134, 1979. 


Encouraging oral rehydration therapy as a means of reducing acute 

diarrheal disease mortality is an immediate WHO objective. Use of a 

single, prepackaged mixture of sodium chloride, sodium bicarbonate, 

potassium chloride, and glucose was recommended. Such a mixture was 

shown to be acceptable to mothers of children with diarrhea in a study 

done in Turkey. UNICEF will assist in establishing local production 

and distribution of the prepackaged mixture and will cooperate with 

WHO in assessing the efficacy of various production and delivery 

strategies as well as their impact on diarrheal mortality. 
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Cash RA, Oral therapy for diarrhea, Trop Doctor 9:25-30, 1979 

See No. 77). 


126. Finberg L et al, Oral therapy for dehydration in acute diar­
rhoeal diseases with special reference to the Global Diarrhoeal Dis­
eases Control Programme, WHO unpublished document, BAC/DPC/79.1 1979. 


The use of oral rehydration therapy to meet the varying needs of 

local programs was discussed as a major strategy in the Global WHO 

Diarrheal Disease Control Program. In addition to providing oral 

solution, facilities for parenteral fluid administration would be 

required for treating severely dehydrated patients, oral fluid 

treatment failures, and patients with complications. 


The importance of using a single formulation (of the 
WHO-recommended composition) was stressed because of the 
administrative and logistical advantages. However, the need for 
providing additional water, especially to infants with non-cholera 

diarrhea or with only maintenance fluid and electrolyte requirements, 

was emphasized. 


Prepackaged ingredients to be mixed with a volume corresponding to 

a readily available local vessel were recommended. A smaller-sized 

packet for a proportionately smaller volume of fluid may be more 

useful in infants. Further field evaluation must be done to determine 

the efficacy of the pinch-and-scoop or spoon methods of measurement. 


In . discussing research priorities, the authors identified a 

critical need for field studies to evaluate the accuracy, 

concentration, safety, and efficacy of oral solutions made from local 

ingredients in the home. 


Hutchins P et al, Comparison of oral sucrose and glucose 

electrolyte solutions in the out-patient management of acute 

gastroenteritis in infancy, J Hyg (Camb) 82:15-19, 1979 (see No. 66). 


Nalin DR et al, Oral rehydration and maintenance of children 

with rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979 

(see No. 40). 


Nalin DR et al, The problem of emesis during oral 

glucose-electrolyte therapy given from the onset of severe cholera, 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979 (see No. 41). 
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Rahaman MM et al, Diarrheal mortality in tvo Bangladeshi 
villages with and without community-based oral rehydration therapy, 
Lancet 2;809-812, 1979 (see No. 78). 

127. McCord C, Oral fluid treatment for diarrhea in Menoufia 

governorate, Egypt, A report from the American Public Health 

Association, 1979. 


Diarrhea accounts for at least 25% and perhaps as much as 50% of 

all deaths among Egyptian children less than five years old. 

Approximately 75% of these deaths occur in the summer months. Breast 

milk and other foods are often withheld from children during bouts of 

diarrhea. 


This paper described a project to distribute Oralyte to households 

in the Menoufia governorate of Egypt. The project represents the 

largest, most intensive effort to date to make oral rehydration salts 

and treatment information available for home use. The goal of the 

project is to reach the entire population of Menoufia governorate 

(population 1.7 million) by the end of 3 years. 


Despite the rarity of liter-size containers in Egyptian household, 

Oralyte packets containing rehydration salts for mixture in one liter 

of water will be used in the project with instructions to mix one 

teaspoon per 200 cc glass. "Rehydran", an Egyptian-made packet, 

contains only 1/5 the salts of Oralyte and would be preferable to 

Oralyte but production cannot match the needs of this project. In a 

field test of mixing instructions given by community canvassers to 

village women, 75% of the women produced acceptable solutions but 25% 

prepared solutions with hazardous sodium concentrations. 


128. Rees L et al, Gradual reintroduction of full-strength milk 

after acute gastroenteritis in children, Lancet 1:770-71, 1979. 


This article examined the hypothesis that children with acute 

gastroenteritis will do well if full-strength milk feedings are 

continued throughout their illness. 


Forty-six children between the ages of 6 weeks and 4 years who had 

diarrhea with no other underlying illness and who were less than 5% 

dehydrated clinically were randomly divided in a non-blind fashion 

into three study groups. Group I received full-strength milk 

feedings, and Group II received clear fluids (30 mEq/1 sodium chloride 

and 220 mmol/1 dextrose in water) until diarrhea "settled" and then 

full-strength milk. Group III received clear fluids until diarrhea 

"settled" followed by concentrations of milk increased by a 

quarter-strength every eight hours. Patients wers discharged when 

full-strength milk could be tolerated without diarrhea. Stools were 
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examined for bacterial and viral pathogens. Number of stools and 

number of episodes of vomiting were noted but no determination of 

serum electrolytes, stool volume or duration of diarrhea were included. 


Mean length of hospital stay was not significantly different for 

any group; median length of stay was not given. No effort was made to 

assess the comparability of the three groups in terms of demographic 

factors, clinical severity, prior nutritional status, nature of 

patnogens isolated, or duration or volume of diarrhea. Patients in 

Groups I and II did vomit significantly more frequently, but this was 

dismissed as being "not of sufficient severity to warrant a change in 

regimen." The authors concluded that children with acute 

gastroenteritis can tolerate full-strength milk. However, because the 

comparability of the three groups was not clearly described the data 

presented did not fully support this conclusion. 


129. Report of the Scientific Working Group n Child Care Practices 
Related to Diarrheal Diseases, unpublished document, WHO/DDC/79.4, 
1979. 

The report of a WHO Expert Scientific Working Group meeting, 

reviewed the "state-of-the-art" regarding the interrelationship of 

childhood diarrheal disease and what has come to be termed "maternal 

technology." This includes child feeding practices, personal hygiene 

and food handling, and the provision of overall child care. The 

effects of maternal health on that of the child were also explored and 

a brief discussion of the use of oral rehydration solutions in the 

treatment of acute diarrheal disease was presented. The Group also 

formulated exhaustive recommendations for child care practices and for 

prospective research activities. 


130. WHO Scientific Working Group, Clinical management of acute 

diarrhea, unpublished document WHO/DDC/79.3, 1979. 


This was a useful review of studies that established the 

theoretical and practical bases for the current WHO-recommended oral 

rehydration solution composition and implementation scheme. Other 

aspects of the medical management of childhood diarrhea were 

discussed, including the importance of continued feedings and the use 

of intravenous therapy and drugs. The paper also contained 

recommendations for further research on the composition, 

effectiveness, production and delivery of oral rehydration fluid. 


131. Anon, Developing an oral rehydration service, Unpublished WHO 

document. 


After reviewing the rationale for oral rehydration, this paper 

identified potential problems of implementation: shelf life of oral 
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rehydration salts, delivery systems, maternal diagnosis of 

dehydration, mixing inaccuracies, and the need for nutrition and 

health education. A proposed operational study, adapted for ongoing 

revisions, would prepare for the integration of an oral rehydration 

program into the general health system. 


Several service areas totaling 50,000 population would be included 

in the study, and a National Project Team would see the project 
through from inception to nationwide implementation. One group would 
produce and distribute oral rehydration powder and another would 
organize delivery of services. The functions of each group were 

described in detail; field operations were also outlined. 


Evaluation is based on field data gathered through a simple 

recording system. Procedures were outlined to permit ongoing 

correction of operational defects through analysis of monitoring data. 


132. Hirschhorn N, The treatment of acute diarrhea in children: an 

historical and physiological perspective, (accepted for publication by 

A J Clin Nutrition). 


The author presented an extensive and thoughtful analysis of the 

historical, physiologic, clinical, and epidemiologic evidence to 

support a treatment plan of rapid restoration of extracellular fluid, 

electrolytes, and bases for persons with diarrheal dehydration. This 

treatment plan has its basis in the use of a single oral rehydration 

solution for all ages. The sodium concentration of this fluid must be 

high enough to replace deficits on a volume-for-volume basis and, with 

the use of increased water and low solute fluid, be able to provide 

maintenance requirements without the use of adjunct therapy. In 

addition to oral fluid intake, early initiation of tolerated foods 

during a diarrheal episode was encouraged. 


In a critical review of pertinent literature, the author disputed 

practices encouraging slow repletion of fluid losses, supplying lower 

sodium loads, (especially to infants), tailoring fluid therapy to each 

individual, and resting the bowel before beginning feeding. 


The successful impact of oral rehydration on diarrheal disease 

morbidity and mortality was documented and the potential effect on 

malnutrition discussed. 


Delivery of oral therapy was identified as the major target for 

future research efforts. For effective implementation of oral 

rehydration programs, the production, distribution, and administration 

of oral rehydration salts must be tailored to locally available 

supplies, containers and customs. 
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International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea: 

Part 1), Studies in two ambulatory care clinics (In preparation), (see 

Ho. 79). 


International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea: 

Part 2), Studies in seven rural villages (In preparation), (see 

No. 80). 


Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions (In preparation), (see No. 68). 


Pizarro D et al, Rehidratacidn por la vfa oral en niflos menores 

de un mes de edad, (Unpublished manuscript), (See No.44). 


133. Pizarro D et al, Evaluation of oral therapy for infant diarrhea 

in an emergency room setting: Utilization of acute episode for 

instructing mothers in oral therapy method, (unpublished manuscript). 


In the emergency room of the National Children's Hospital, San 

Jose, Costa Rica, where 90% of infants with diarrheal dehydration had 

previously been treated with intravenous fluids, the authors examined 

the efficacy of oral rehydration treatment. 


One hundred infants aged 18 days to 20 months with varying degrees 

of dehydration due to diarrhea were studied. They were examined and 

weighed on presentation and treatment with an oral rehydration 

solution was instituted (in g/1: glucose-20, sodium chloride-3.5, 

sodium bicarbonate-2.5, and potassium chloride-2.0). Mothers were 

taught to administer oral rehydration therapy and, as soon as clinical 

dehydration had disappeared, the infants were sent home to continue on 

oral fluid and/or milk. Normal feedings were reinstituted when stools 

became pasty or semi-formed. Mothers were to return with the child if 

illness worsened at home. In an effort to mimic field conditions, no 

laboratory determinations were performed. Antibiotics were given only 

for complicating infections or clinical evidence of shigellosis. 


Ninety-two patients were successfully rehydrated without major 

complications using oral fluid alone. Mean rehydration time was 6.4 

hours, and mean emergency room stay was 15.6 hours. Seventy-four 

percent stayed less than 24 hours. Thirteen infants returned after 

discharge, all because of inadequate instructions given to the mothers 

concerning oral fluid administration. Seven of these children 

required intravenous therapy. Discharged infants were not followed-up. 
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This study showed the f e a s i b i l i t y of rapid rehydration by means of 
oral therapy and demonstrated tha t h o s p i t a l s tay and expense were 
dramatically reduced. Because p a t i e n t s were not followed up a t home, 
the e f fec t iveness of the program in teaching mothers the techniques of 
home o r a l rehydra t ion was d i f f i c u l t to a s s e s s . 

92 




ORAL REHYDRATION THERAPY SEQUENTIAL BIBLIOGRAPHY 


I. HISTORY 


1. Darrow DC et al, Disturbances of water and electrolytes in 

infantile diarrhea, Pediatrics 3:129-156, 1949. 


2. Chatterjee HN, Control of vomiting in cholera and oral replacement 

fluid, Lancet 2:1063, 1953. 


3. Fisher RB, Glucose movements across the wall of the rat small 

intestine, J Physiol 119:210-223, 1953. 


4. Harrison H'£, The treatment of diarrhea in infancy, Pediatr Clin 

North Am 1:335-348, 1954. 


5. Colle E et al, Hypertonic dehydration (hypernatremia), the role of 

feedings high in solutes. Pediatrics 22:5-12, 1958. 


6. ' Riklis E et al, Effects of cations on sugar absorption by isolated 

surviving guinea pig intestine. Can J Biochem Physiol 36:347-362, 

1958. 


7. Harrison HE et al, Hypernatremic dehydration, Pediatr Clin North 

Am 6:193-199, 1959. 


8. Curran PF, Sodium, chloride, and water transport by rat ileum in 

vitro, J Gen Physiol 43:1137-1148, 1960. 


9. Phillips RA, Water and electrolyte losses in cholera, Fed Proc 

23:705-712, 1964. 


10. Crane RK, Na+-dependent transport in the intestine and other 

animal tissues, Fed Proc 24:1000-1008, 1965. 


11. Phillips RA et al, Water and electrolyte absorption by the 

intestine in cholera, Cholera Res Symp, Honolulu, 1965, pp. 299-311. 


12. Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose-containing solutions, N Engl J Med 

279:176-181, 1968. 


13. Nalin DR et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968. 


14. Olsen WA et al, The role of sodium in intestinal glucose 

absorption in man. J Clin Invest 47:1133-1142, 1968. 


15. Pierce NF et al, Oral maintenance of water-electrolyte and acid-

base balance in cholera: a preliminary report, Ind J Med Res 

56:640-645, 1968. 


93 




16. Pierce NF et al, Effect of intragastric glucose-electrolyte 

infusion upon water and electrolyte balance in Asiatic cholera, 

Gastroentero'ogy 55:333-343, 1968. 


17. Turnberg LA et al, Mechanism of bicarbonate absorption and its 

relationship to sodium transport in the human jejunum, J Clin Invest 

49:548-556, 1970. 


II. CLINICAL 


Chatterjee HN, Control of vomiting in cholera and oral 

replacement fluid, Lancet 2:1063, 1953 (see No. 2). 


Colle E et al, Hypertonic dehydration (hypernatremia): the role 

of feedings high in solutes, Pediatrics 22:5-12, 1958 (see No. 5). 


Phillips RA, Water and electrolyte losses in cholera, Fed Proc 

23:705-712, 1964 (see No. 9). 


Phillips RA et al, Water and electrolyte absorption by the 

intestine in cholera, Cholera Res Symp, Honolulu, 1965, pp. 299-311 

(see No. 11). 


Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose-containing solutions, N Engl J Med 

279:176-181, 1968 (see No. 12). 


Nalin DR et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968 (see No. 13). 


Olsen WA et al, The role of sodium in intestinal glucose 

absorption in man, J Clin Invest 47:1133-1142, 1968 (see No. 14). 


Pierce NF et al, Oral maintenance of water-electrolyte and 

acid-base balance in cholera: a preliminary report, Ind J Med Res 

56:640-645, 1968 (see No. 15). 


Pierce NF et al, Effect of intragastric glucose-electrolyte 

infusion upon wster and electrolyte balance in Asiatic cholera, 

Gastroenterology 55:333-343, 1968 (see No. 16). 


Nalin DR et al, Reduction of maintenance intravenouu fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969 (see No. 69). 


18. Pierce NF et al, Replacement of water and electrolyte losses in 

cholera by an oral glucose-electrolyte solution, Ann Intern Med 

70:1173-1181, 1969. 


19. Nalin DR et al, )ral therapy for cholera (letter), Ann Intern Med 

72:288-289, 1970. 


94 


/ 




20. Pierce NF et al, Oral electrolytes in cholera (letter), Ann 

Intern Med 72:959, 1970. 


21. Pierce NF et al, Oral replacement of watei and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1969. 


22. Bart KJ, Pediatric cholera: pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1970. 


23. Cash RA et al, A clinical trial of oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyp 19:653-656, 1970. 


Cash RA et al, Rapid correction of acidosis and dehydration of 

cholera with oral electrolyte and glucose solution, Lancet 2:549-550, 

1970 (see No. 70). 


24. Mahalanabis D et al, Water and electrolyte losses due to cholera 

in infants and small children: a recovery balance study, Pediatrics 

45:374-385, 1970. 


25. Nalin DR et al, Oral or nasogastric therapy for cholera, WHO 

Public Health Paper No. 40, Chapter 11, 1970, pp. 73-76. 


Nalin DR et al, Oral (or nasogastric) maintenance therapy for 

cholera patients in all age-groups, Bull WHO 43:361-363, 1970 (see 

No. 46). 


Nalin Dr, Oral or nasogastric maintenance therapy for diarrhoea 

of unknown aetiology resembling cholera, Trans Roy Soc Trop Med Hyg 

64:69-771, 1970 (see No. 47). 


26. Sack RB et al, The use of oral replacement solutions in the 

treatment of cholera and other severe diarrhoeal disorders, Bull WHO 

43:351-360, 1970. 


27. Nalin DR, Oral or nasogastric maintenance therapy in pediatric 

cholera patients, Trop Pediatr 78:355-358, 1971. 


28. Hirschhorn N et al, Oral fluid therapy of Apache children with 

acute infectious diarrhoea, Lancet 2:15-18, 1972. 


Hirschhorn N et al, Ad libitum oral glucose-electrolyte therapy 

for acute diarrhea in Apache children, J Pediatr 83:562-571, 1973 (see 

No. 50). 


29. Ludan AC, The efficacy of oral electrolyte fluid in the therapy 

of diarrhea, J Philip Med Assoc 49:243-252, 1973. 


Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973 (see 

No. 71). 


95 


tO;i 



30. Mazumdar H et al, Oral rehydration in gastroenteritis in 

children, Indian Pediatrics 10:315-322, 1973. 


31. Mahalanabis D et al, Use of an oral glucose-electrolyte solution 

in the treatment of pediatric cholera - a controlled study, J Trop 

Pediatr Env Child Hlth 20:82-87, 1974. 


32. De S et al, Oral fluid therapy for cholera and non-choleraic 

diarrhoeas in children, J Com Dis 7:124-128, 1975. 


Baral MR, Experience with 100 diarrhoea cases treated at Narayani 

Zonal Hospital Rehydration Therapy Centre, Birgunj, J Nep Med Assoc 

13:77-87, 1975 (see No. 92). 


33. De S, Oral glucose-electrolyte solution in the treatment of 

cholera and other diarrhoeas, J Ind Med Assoc 65:230-232, 1975. 


34. Editorial, Oral glucose-electrolyte therapy for acute diarrhea, 

Lancet 1:79-80, 1975. 


Moenginah PA et al, Oral sucrose therapy for diarrhoea (letter), 

Lancet 2:323, 1975 (see No. 52). 


Nalin DR, Sucrose in oral therapy for cholera and related 

diarrheas, Lancet 1:1400-140.'., 1975 (see No. 53). 


Naik NV et al, Oral rehydration in acute gastro-enteritis in 

young children, Ind Pediatr 13:127-133, 1976 (see No. 56). 


Rahilly PM et al, Clinical comparison between glucose and sucrose 

additions to a basic electrolyte mixture in the outpatient management 

of acute gastroenteritis in children, Arch Dis Child 51:152-154, 1976 

(see No. 57). 


Bollag U, Cup and spoon rehydration of children with acute 

diarrhea, J Trop Pediatr Env Child Hlth 23:268-270, 1977 (see No. 101)'. 


Chatterjee A et al, Evaluation of a sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea, Lancet 1:1333-1335, 

1977 (see No. 58). 


Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Med J 1:839-840, 1977 (see No. 104). 


International Study Group, A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea. Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977 (see No. 75). 


35. Lishnevsky MS et al, Oral rehydration treatment benefits Lao 

children with diarrhoea, WHO Chron 31:421-422, 1977. 


96 


/.:/, 



Palmer DL et al, Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrheas, N Engl J 

Med 297:1107-1110, 1977 (see No. 59). 


Sandle GI et al, Oral therapy in cholera (letter), N Engl J Med 

298:797-798, 1978 (see No. 61). 


36. Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea, WHO Chron 31:87-93, 1977. 


37. Barzgar MA et al, Evaluation of the effectiveness of oral 

rehydration in gastro-enteritis in children under 3 years of age, West 

Azerbaijan, Iran, 1977, presented to the Regional Scientific Meeting 

on the Epidemiology of Enteric Infections of the International 

Epidemiological Association (Alexandria, May 27-31, 1978), WHO 

Document: Ent Inf WP No. 18. 


Chatterjee A et al, Oral rehydration in infantile diarrhoea: 

Controlled trial of a low sodium glucose electrolyte solution, Arch 

Dis Child 53:284-289, 1978 (see No. 62). 


Fortin J et al, Dehydration scoring system for infants, J Trop 

Pediatr and Env Child Hlth 24:110-114, 1978 (see No. 113). 


Moenginah PA et al, Sucrose electrolyte solution for oral 

rehydration in diarrhea, J Trop Pediatr Env Child Hlth 24:127-129, 

1978 (see No. 63). 


Nalin DR et al, Comparison of sucrose and glucose in oral therapy 

of infant diarrhoea, Lancet 2:277-279, 1978 (see No. 64). 


Sack DA et al, Oral hydration in rotavirus diarrhoea: A double 

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978 (see No. 65). 


38. Seriki 0, Management of moderately severe dehydration by 

continuous intra-gastric infusion of electrolyte solution, Trop Doctor 

8:134-136, 1978. 


39. Thomas K et al, Oral rehydration therapy in childhood diarrhea, a 

comparative study, Indian Pediatr 15:791-796, 1978. 


Hutchins P et al, Comparison of oral sucrose and glucose 

electrolyte solutions in the out-patient management of acute 

gastroenteritis in infancy, J Hyg (Camb) 82:15-19, 1979 (see No. 66). 


40. Nalin Dr et al, Oral rehydration and maintenance of children with 

rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979. 


97 


/'•^ 




41. Nalin DR et al, The problea of eaesis during oral 

glucose-electrolyte therapy given froa the onset of severe cholera, 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979. 


Rahaman MM et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy, Lancet 

2:809-812, 1979 (see No. 78). 


42. Fazil et al, Treatment of children with diarrhea with UNICEF's 

oral rehydration salts in rural areas by midwives, (Unpublished 

document). 


Hirschhorn N, The treatment of acute diarrhea in children: an 

historical and physiological perspective, Am J Clin Nutr (in press) 

(se<-- No. 132). 


International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea: 

Part 1, Studies in two ambulatory care clinics (in preparation), (see 

No. 79). 


International Study Group. Beneficial effects of oral 

electrolyte-sugar solutions in the treataent of children's diarrhea: 

Part 2, Studies in seven rural villages (in preparation), (see No. 80). 


43. Nalin Dr, Research on oral rehydration therapy for diarrhoeal 

dehydration, (Unpublished manuscript). ( 


44. Pizarro D et al, Rehidratacidn por la via oral en-niflos menores 

de un mes de edaa, (Unpublished manuscript). 


45. Taylor PR et al, Oral rehydration therapy for treatment of 

rotavirus diarrhea in a rural treatment center in Bangladesh, Arch Dis 

Child (in press). 


III. COMPOSITION 


Chatterjee HN, Control of vomiting in cholera and oral 

replacement fluid, Lancet 2:1063, 1953 (See No. 2). 


Harrison HE, The treatment of diarrhea in infancy, Pediatr Clin 

North Am 1:335-348, 1954 (see No. 4). 


Phillips RA et al, Water and electrolyte absorption by the 

intestine in cholera, Cholera Res symp, Honolul, 1965, pp. 299-311 

(see No. 11). 


Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose containing solutions, N Engl J Med 

279:176-181, 1968 (see No. 12). 


98 


/ ''I 



Nalin DR et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968 (see No. 13). 


Pierce NF et al, Oral maintenance of water-electrolyte and 

acid-base balance in cholera: a preliminary report, Ind J Med Res 

56:640-645, 1968 (see No. 15). 


Pierce NF et al, Effect of intragastric glucose-electrolyte 

infusion upon water and electrolyte balance in Asiatic cholera, 

Gastroenterology 55:333-343, 1968 (see No. 16). 


Pierce NF et al, Replacement of water and electrolyte losses in 

cholera by an oral glucose-electrolyte solution, Ann Intern Med 

70:1173-1181, 1969 (see No. 18). 


Nalin DR et al, Oral therapy for cholera (letter), Ann Intern Med 

72:288-289, 1970 (see No. 19). 


Pierce NF et al, Oral electrolytes in cholera (letter). Ann 

Intern Med 72: 959, 1970 (see No. 20). 


Nalin DR et al, Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969 (see No. 69). 


Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1969 (see No. 21). 


Bart KJ, Pediatric cholera; Pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1970 (see No. 22). 


Cash RA et al, A clinical trial of oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyg 19:653-656, 1970 (see No. 

23). 


Mahalanabis D et al, Water and electrolyte losses due to cholera 

in infants and small children: A recovery balance study, Pediatrics 

45:374-385, 1970 (see No. 24). 


46. Nalin DR et al, Oral (or nasogastric) maintenance therapy for 

cholera patients in all age-groups, Bull WHO 43:361-363, 1970. 


47. Nalin DR, Oral or nasogastric maintenance therapy for diarrhoea 

of unknown aetiology resembling cholera, Trans Roy Soc Trop Med Hyg 

64:769-771, 1970. 


48. Nalin DR et al, Effect of glycine and glucose on sodium and water 

absorption in patients with cholera, Gut 11:768-772, 1970. 


Nalin DR et al, Oral or nasogastric therapy for cholera, WHO 

Public Health Paper No. 40, Chapter 11, pp. 73-76 1970, (see No. 25). 


99 


/ - : • • 



Sack RB et al, The use of oral replacement solutions in the 

treatment of cholera and other severe diarrhoeal disorders, Bull WHO 

43:351-360, 1970 (see No. 26). 


Nalin DR, Oral or nasogastric maintenance therapy in pediatric 

cholera patients, Trop Pediatr 78;355-358, 1971 (see No. 27). 


49. Nalin DR et al, The optimal oral therapy formula for cholera and 

cholera-like diarrheas, In Proceedings of the Sixth Annual 

International Epidemic1ogic Association Scientific Meeting, Belgrade, 

Savremena Administracya, pp. 1048-1057, 1971. 


50. Hirschhorn N et at, Ad libitum oral glucose-electrolyte therapy 

for acute diarrhea in Apache children, J Pediatr 83:562-571, 1973. 


Ludan AC, The efficacy of oral electrolyte fluid in the therapy 

of diarrhea, J Philip Med Assoc 49:243-252, 1973 (see No. 29). 


Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973 (see No. 

71). 


Mahalanabis D et al, Use of an oral glucose-electrolyte solution 

in the treatment of pediatric cholera - a controlled study, J Trop 

Pediatr Env Child Hlth 20:82-87, 1974 (see No. 31). 


De S et al, Oral fluid therapy for cholera and non-choleraic 

diarrhoeas in children, J Com Dis 7:124-128, 1975 (see No. 32). 


De S, Oral glucose-electrolyte solution in the treatment of 

cholera and other diarrhoeas, J Ind Med Assoc 65:230-232, 1975 (see 

No. 33). 


Aballi AJ, Single solution not ideal for oral therapy of 

diarrhoea (letter), Lancet 2:513-514, 1975 (see No. 91). 


51. Editorial, Feeding sick babies, Br Med J 4:539, 1975. 


52. Moenginah PA et al, Oral sucrose therapy for diarrhoea (letter), 

Lancet 2:323, 1975. 


53. Nalin DR, Sucrose in oral therapy for cholera and related 

diarrhoeas, Lancet 1:1400-1402, 1975. 


54. Bart KJ ct al, Single solution for oral therapy of diarrhoea 

(letter), Lancet 2:633-634, 1976. 


55. Nalin DR et al, Sodium content in oral therapy for diarrhoea 

(letter), Lancet 2:957, 1976. 


100 


/ 




56. Naik NV et al, Oral rehydration in acute gastro-enteritia in 

young children, Ind Pediatr 13:127-133, 1976. 


Moran H, Oral rehydration therapy in home and hospital: 

experience in rural Nigeria, Pediatr Nurs Sept/Oct:32-33, 1976 (see 

No. 97). 


57. Rahilly PM et al, Clinical comparison .between glucose and sucrose 

additions to a basic electrolyte mixture in the outpatient management 

cf acute gastroenteritis in children, Arch Dis Child 51:152-154, 1976. 


(fare S, Hypernatremia and glucose water (letter), Lancet 1:494, 

1976 (see No. 100). 


58. Chatterjee A et al, Evaluation of a sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea, Lancet 1:1333-1335, 

1977. 


Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Br Med J 1:839-840, 1977 (see No. 104). 


International Study Group. A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea. Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977 (see No. 75). 


59. Palmer DL et al, Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrheas, N Engl J 

Med 297:1107-1110, 1977. 


60. Field M, New strategies for treating watery diarrhea, editorial, 

N Engl J Med 297:1121-1122, 1977. 


61. Sandle, GI et al, Oral therapy in cholera (letter), N Engl J Med 

298:797-798, 1978. 


Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea, WHO Chron 31:87-93, 1977 (see No. 36). 


62. Chatterj-je A et al, Oral rehydration in infantile diarrhoea: 

Controlled trial of a low sodium glucose electrolyte solution, Arch 

Dis Child 53:284-289, 1978. 


63. Moenginah PA et al, Sucrose electrolyte solution for oral 

rehydration in diarrhea, J Trop Pediatr Env Child Hlth 24:127-129, 

1978. 


64. Nalin DR et al, Comparison of sucrose with glucose in oral 

therapy of infant diarrhoea, Lancet 2:277-279, 1978. 


101 


// :'"• 




65. Sack DA et al, Oral hydration in rotavirus diarrhoea: A double 

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978. 


Seriki 0: Management of moderately severe dehydration by 

continuous intra-gastric infusion of electrolyte solution, Trop Doctor 

8:134-136, 1978 (see No. 38). 


66. Hutchins P et al, Comparison of oral sucrose and glucose 

electrolyte solutions in the out-patient management of acute 

gastroenteritis in infancy, J Hyg (Camb) 32:15-19, 1979. 


67. Kuberski T et al, Coconut water as a rehydration fluid, New Zeal 

Med J 90:98-100, 1979. 


Nalin DR et al, Oral rehydration and maintenance of children with 

rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979 (see No. 

40). 


Rahaman MM et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy, Lancet 

2:809-812, 1979 (see No. 78). 


Hirschhorn N, The treatment of acute diarrhea in children: an 

historical and physiological perspective, Am J Clin Nutr (in press), 

(see No 132). 


International Study Group: Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea. 

Part 1, Studies in two ambulatory care clinics (in preparation), (see 

No. 79). 


International Study Group: Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea, 

Part 2, Studies in seven rural villages (in preparation), (see No. 80). 


68. Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions (in preparation). 


Pizarro D et al, Rehidratacidn por la via oral en-niflos menores 

de un mes de eded, (Unpublished manuscript), (see No. 44). 


Taylor PR et al, Oral rehydration therapy for treatment of 

rotavirus diarrhea in a. rural treatment center in Bangladesh, Arch Dis 

Child (in press), (see No. 45). 


102 


/ - • '' 




IV. IMPACT 


Chatterjee HN, Control of vomiting in cholera and oral 

replacement fluid, Lancet 2:1063, 1953 (see No. 2). 


Harrison HE, The treatment of diarrhea in infancy, Pediatr Clin 

North Am 1:335-348, 1954 (see No. 4). 


Phillips RA, Water and electrolyte losses in cholera, Ped Proc 

23:705-712, 1964 (see No. 9). 


Hirschhorn N, Decrease in net stool output in cholera during 

intestinal perfusion with glucose-containing solutions, N Engl J Med 

279:176-181, 1968 (see No. 12). 


Nalin DR et al, Oral maintenance therapy for cholera in adults, 

Lancet 2:370-372, 1968 (see No. 13). 


Pierce NF et al, Oral maintenance of water-electrolyte and acid-

base balance in cholera: a preliminary report, Ind J Med Res 

56:640-645, 1968 (see No. 15). 


Pierce NF et al, Effect of intragastric glucose-electrolyte 

infusion upon water and electrolyte balance in Asiatic cholera, 

Gastroenterology 55:333-343, 1968 (see No. 16). 


69. Nalin DR et al, Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969. 


Pierce NF et al, Oral replacement of water and electrolyte losses 

in cholera, Ind J Med Res 57:848-855, 1969 (see No. 21). 


Bart KJ, Pediatric cholera: Pathophysiology and treatment, Pak 

Pediatr J 1:45-53, 1970 (see No. 22). 


70. Cash RA et al, Rapid correction of acidosis and dehydration of 

cholera with oral electrolyte and glucose solution, Lancet 2:549-550, 

1970. 


Cash RA et al, A clinical trial of oral therapy in a rural 

cholera-treatment center, Am J Trop Med Hyg 19:653-656, 1970 (see 

No. 23). 


Mahalanabis D et al, Intraperitoneal fluid therapy in cholera and 

non-cholera diarrhoea, WHO 42:837-846, 1970 (see No. 83). 


Biddulph J, Standardized management of diarrhoea in young 

children, Paediatr Indones 11:37-46, 1971 (see No. 85). 


103 


/ /.. 




Ludan AC, The efficacy of oral electrolyte fluid in the therapy 

of diarrhea, J Philip Med Assoc 49:243-252, 1973 (see No. 29). 


71. Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973. 


72. Levine GM, Role of oral intake in maintenance of gut mass and 

disaccharide activity, Gastroenterology 67:975-982, 1974. 


Mahalanabis D et al, Use of an oral glucose-electrolyte solution 

in the treatment of pediatric cholera - a controlled study, J Trop 

Pediatr Env Child Hlth 20:82-87, 1974 (see No. 31). 


73. Barker WH, Perspectives on acute enteric disease epidemiology nnd 

control, PAHO Bull 9:148-156, 1975. 


Barzgar MA et al, Evaluation of the effectiveness of oral 

rehydration in gastro-enteritis in children under 3 years of age, West 

Azerbaijan, Iran, 1977, presented to the Regional Pcientific Meeting 

on the Epidemiology of Enteric Infections of the International 

Epidemiological Association (Alexandria, May 27-31, 1978), WHO 

Document: Ent Inf WP No. 18 (see No. 37). 


De S, Oral glucose-electrolyte solution in the treatment of 

cholera and other diarrhoeas, J Ind Med Assoc 65:230-232, 1975 (see 

No. 33). 


74. Hirschhorn H et al, Oral glucose-electrolyte therapy for 

diarrhea: A means to maintain or improve nutrition?, Am J Clin Nutr 

28:189-192, 1975. 


Brotowasisto et al, Rehydration programme in Indonesia, 

Proceedings of the 5th Asian Pacific Congress of Gastroenterology, 

Singapore, 1976, pp. 488-490 (see No. 95). 


Bollag U, Cup and spoon rehydration of children with acute 

diarrhea, J Trop Pediatr Env Child Hlth 23:268-270, 1977 (see No. 101). 


Field M, New strategies for treating watery diarrhea, editorial, 

N Engl J Med 297:1121-1122, 1977 (see No. 60). 


Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Br Med J 1:839-840, 1977 (see No. 104). 


75. International Study Group, A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea. Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977. 


Kielmann AA et al, Home treatment of childhood diarrhea in Punjab 

village, J Trop Pediatr Env Child Hlth 23:197-201, 1977 (see No. 106). 


104 


n 



Lishnevsky MS et al, Oral rehydration treatment benefits Lao 

children with diarrhoea, WHO Chron 31:421-422, 1977 (see No. 35). 


76. Pal SC, Promotion of oral rehydration therapy in India, WHO Chron 

31:470-471, 1977. 


Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea, WHO Chron 31:87-93, 1977 (see No. 36). 


McCord C et al, A successful programme for medical auxiliaries 

treating childhood diarrhea and pneumonia, Trop Doctor 8:220-225, 1978 

(see No. 117). 


Sack DA et al, Oral hydration in rotavirus diarrhoea: A double 

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978 (see No. 65). 


Thomas K et al, Oral rehydration therapy in childhood diarrhea, a 

comparative study, Indian Pediatr 15:791-796, 1978 (see No. 39). 


77. Cash RA, Oral therapy for diarrhea, Trop Doctor 9:25-30, 1979. 


Nalin DR et al, Oral rehydration and maintenance of children with 

rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979 (see No. 

40). 


Nalin DR et al, The problem of emesis during oral 

glucose-electrolyte therapy given from the onset of severe cholera, 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979 (see No. 41). 


78. Rahaman MM et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy, Lancet 

2:809-812, 1979. 


Fazil et al, Treatment of children with diarrhea with UNICEF's 

oral rehydration salts in rural areas by midwives, Unpublished 

Document (see No. 42). 


Hirschhorn N, The treatment of acute diarrhea in children: an 

historical and physiological perspective, Am J Clin Nutr (in press) 

(see No. 133). 


79. International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea, 

Part 1, Studies in two ambulatory care clinics (in preparation). 


80. International Study Group, Beneficial effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea, 

Part 2, Studies in seven rural villages (in preparation). 


105 




Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions, (in preparation), (see No. 68). 


Pizarro D et al, Rehidratacidn por la via oral en-niflos menores 

de un roes de edad, Unpublished manuscript (see No. 44). 


Taylor PR et al, Oral rehydration therapy for treatment of 

rotavirus diarrhea in a rural treatment center in Bangladesh, Arch Dis 

Child (in press), (see No. 45). 


V. IMPLEMENTATION 


Chatterjee HN, Control of vomiting in cholera and oral 

replacement fluid, Lancet 2:1063, 1953 (see No. 2). 


Colle E et al, Hypertonic dehydration (hypernatreraia): the role 

of feedings high in solutes, Pediatrics 22:5-12, 1958 (see No. 5). 


81. Jellife D, Diarrhoea in childhood, in Medical Care in Developing 

Countries, Maherere, 1966. 


82. Jellife DB, Rehydration centers in developing countries, 

editorial, J Trop Pediatr 15:1-3, 1969. 


Nalin DR et al, Reduction of maintenance intravenous fluid needs 

in cholera by means of an oral therapeutic solution, J Pakistan Med 

Assoc 19:373-379, 1969 (see No. 69). 


Nalin DR et al, Oral therapy for cholera (letter), Ann Intern Med 

72:288-289, 1970 (see No. 19). 


Pierce NF et al, Oral electrolytes in cholera (letter). Ann 

Intern Med 72:959, 1970 (see No. 20). 


Mahalanabis D et al, Water and electrolyte losses due to cholera 

in infants and small children: A recovery balance study, Pediatrics 

45:374-385, 1970 (see No. 24). 


83. Mahalanabis D et al, Intraperitoneal fluid therapy in cholera and 

non-cholera diarrhoea, WHO 42:837-846, 1970. 


Nalin DR et al, Oral (or nasogastric) maintenance therapy for 

cholera patients in all age-groups, Bull WHO 43:361-363, 1970 (see No. 

46). 


84. Nalin DR et al, Kaolin and cholera, J Pak Med Assoc 20:177-182, 

1970. 


Nalin DR et al, Oral or nasogastric therapy for cholera, WHO 

Public Health Paper No. 40, Chapter 11, 1970, pp. 73-76 (see No. 25). 


106 




Nalin DR, Oral or nasogastric maintenance therapy for diarrhoea 

of unknown aetiology resembling cholera, Trans Roy Soc Trop Med Hyg 

64:769-771, 1970 (see No. 47). 


Sack RB et al, The use of oral replacement solutions in the 

treatment of cholera and other severe diarrhoeal disorders, Bull WHO 

43:351-360, 1970 (see No. 26). 


85. Biddulph J, Standardized management of diarrhoea in young' 

children, Paediatr Indones 11:37-46, 1971. 


Nalin DR, Oral or nasogastric maintenance therapy in pediatric 

cholera patients, Trop Pediatr 78:355-358, 1971 (see No. 27). 


Nalin DR et al, The optimal oral therapy formula for cholera and 

cholera-like diarrhoeas: in Proceedings of the Sixth Annual 

International Epidemiologic Association Scientific Meeting, Belgrade, 

Savremena Administracya, pp. 1048-1057, 1971 (see No. 49). 


86. Church MA, Fluid for the sick child. A method for teaching 

mothers, Trop Doctor 2:119-121, 1972. 


Hirschhorn N et al, Oral fluid therapy of Apache children with 

acute infectious diarrhoea, Lancet 2:15-18, 1972 (see No. 28). 


87. Hirschhorn N et al, Oral rehydration of children with acute 

diarrhoea (letter), Lancet 2:494, 1972. 


88. Taitz LS et al, High calorie/osmolar feeding and hypertonic 

dehydration, Arch Dis Child 47:257-260, 1972. 


Hirschhorn N et al, Ad libitum oral glucose-electrolyte therapy 

for acute diarrhea in Apache children, J Pediatr 83:562-571, 1973, 

(see No. 50). 


Mahalanabis D et al, Oral fluid therapy of cholera among 

Bangladesh refugees, Johns Hopkins Med J 132:197-205, 1973 (see 

No. 71). 


Mazumdar H et al, Oral rehydration in gastroenteritis in 

children, Indian Pediatr 10:315-322, 1973 (see No. 30). 


89. Rohde JE, Rehydration in the field, Paediatr Indones 14:148-152, 

1974. 


90. Rohde JE, Training of paramedical personnel. Understanding 

priorities in treatment of diarrhea, Paediatr Indones 14:153-158, 1974. 


91. Aballi AJ, Single solution not ideal for oral therapy of 

diarrhoea (letter), Lancet 2:513-514, 1975. 


107 


/'[', 




92. Baral MR, Experience with 100 diarrhoea cases treated at Narayani 

Zonal Hospital Rehydration Therapy Centre, Birgunj, J Nap Med Assoc 

13:77-86, 1975. 


De S et al, Oral fluid therapy for cholera and non-choleraic 

diarrhoeas in children, J Com Dis 7:124-128, 1975 (see No. 32). 


Editorial, Feeding sick babies, Br Med J 4:539, 1975 (see 

No. 51). 


Hirschhorn N et al, Oral glucose-electrolyte therapy for 

diarrhea: A means to maintain or improve nutrition?, Am J Clin Nutr 

28:189-192, 1975 (see No. 74). 


Editorial, Oral glucose-electrolyte therapy for acute diarrhea, 

Lancet 1:79-80, 1975 (see No. 34). 


93. Mahalanabis D et al, Present and future of oral rehydration for 

diarrheal diseases with special reference to health care delivery, Ind 

J Prev Soc Med 6:286-290, 1975. 


94. Anon: Treatment and prevention of dehydration in diarrhoeal 

diseases: a guide for use at the primary level, WHO document, 1976. 


Bart KJ, et al, Single solution for oral therapy of diarrhoea 

(letter), Lancet 2:633-634, 1976 (see No. 54). 


95. Brotowasisto et al, Rehydration Programme in Indonesia, 

Proceedings of the 5th Asian Pacific Congress of Gastroenterology, 

Singapore, 1976, pp. 488-490. 


96. Hatcher G, Diarrhoea, Br Med J 1:571-573, 1976. 


97. Moran M, Oral rehydration therapy in home and hospital, 

experience in rural Nigeria, Pediatr Nurs Sept/0ct:32-33, 1976. 


Naik NV et al, Oral rehydration in acute gastro-enteritis in 

young children, Ind Pediatr 13:127-133, 1976 (see No. 56). 


Nalin DR et al, Sodium content in oral therapy for diarrhoea 

(letter), Lancet 2:957, 1976 (see No. 55). 


Rahilly PM et al, Clinical comparison between glucose and sucrose 

additions to a basic electrolyte mixture in the outpatient management 

of acute gastroenteritis in children, Arch Dis Child 51:152-154, 1976 

(see No. 57). 


98. Rohde JE et al, Taking science where the diarrhoea is, CIBA 

Foundation Syrap 42:339-358, 1976. 


108 




99. Sedwick JR et al, Oral rehydration in rural India (letter), 

Lancet 1:1194-1195, 1976. 


100. Ware S, Hypernatremia and glucose water (letter), Lancet 1:494, 

1976. 


101. Bollag U, Cup and spoon rehydration of children with acute 

diarrhea, J Trop Pediatr Env Child Hlth 23:268-270, 1977. 


102. Chakraborty B, Management of infants and children with acute 

diarrhoea, J Ind Med Assn 69:280-283, 1977. 


Chatterjee A et al, Evaluation of a sucrose/electrolyte solution 

for oral rehydration in acute infantile diarrhoea, Lancet 1:1333-1335, 

1977 (see No. 58). 


103. Cutting WAM, Rehydration solutions end domestic measurements 

(letter), Lancet 2:663-664, 1977. 


104. Gracey M et al, ROSE system for treatment of cholera dehydration 

(letter), Br Med J 1:839-840, 1977. 


International Study Group, A positive effect on the nutrition of 

Philippine children of an oral glucose-electrolyte solution given at 

home for the treatment of diarrhoea. Report of a field trial by an 

international study group, Bull WHO 55:87-94, 1977 (see No. 75). 


105. Jere A, A little radio goes a long way.. .sometimes, in Teaching 

Nutrition in Developing Countries, Edited by Kathryn Shack, Meals for 

Millions Foundation, Santa Monica, California, 1977, pp. 87-96. 


106. Kielraann AA et al, Home treatment of childhood diarrhea in Punjab 

village, J Trop Pediatr Env Child Hlth 23:197-201, 1977. 


Lishnevsky MS et al, Oral rehydration treatment benefits Lao 

children with diarrhoea, WHO Chron 31:421-422, 1977 (see No. 35). 


107. Nichols BL et al, A critique of oral therapy of dehydration due 

to diarrheal syndromes, Am J Clin Nutr 30:1457-1472, 1977. 


108. Hirschhorn N, Treatment of diarrheal dehydration (letter), Am J 

Clin Nutr 31:1967-1968, 1978. 


109. Nichols BL, Reply to letter by Hirschhorn (letter ) , Am J Clin 

Nutr 31:1969-1970, 1978. 


Pal SC, Promotion of oral rehydration therapy in India, WHO Chron 

31:470-471, 1977 (see No. 76). 


109 


//.: 




Palmer DL et al, Comparison of sucrose and glucose in the oral 

electrolyte therapy of cholera and other severe diarrheas, N Engl J 

Med 297:1107-1110, 1977 (see No. 59). 


Field N, New strategies for treating watery diarrhea, editorial, 

N Engl J Med 297:1121-1122, 1977 (see No. 60). 


Sandle GI et al, Oral therapy in cholera (letter), N Engl J Med 

298:797-798, 1978 (see No. 61). 


Pierce NF et al, Oral fluid - a simple weapon against dehydration 

in diarrhoea, WHO Chron 31:87-93, 1977 (see No. 36). 


110. Rohde JE et al, Rehydration is everybody's business, editorial, J 

Trop Pediatr Env Child Hlth 23:109-110, 1977. 


111. Rohde JE et al, Therapy begins at home: Management of acute 

diarrhea in the developing world, Proceedings Intl Congress Pediatr, 

Hew Delhi, 1977, pp. 809-819. 


112. Anon, Control of Diarrhoeal diseases: WHO's programme takes 

shape, WHO Chron 32:369-372, 1978. 


113. Fortin J et al, Dehydration scoring system for infants, J Trop 

Pediatr Env Child Hlth 24:110-114, 1978. 


114. Hendrata L, Spoons for making glucose-salt solution, Lancet 

1:612, 1978. 


115. Hirschhorn N, Diarrhoeal control, opportunities and constraints 

as illustrated by development of an oral therapy programme, WHO 

unpublished manuscript, DDC/AGPD/15, 1978. 


116. King M et al, Chapter 9, Primary child care - a manual for health 

workers, Oxford University Press, Oxford, 1978. 


117. McCord C, et al: A successful programme for medical auxiliaries 

treating childhood diarrhea and pneumonia, Trop Doctor 8:220-225, 1978. 


118. Melamed A et al, Spoons for making glucose-salt solution 

(letter), Lancet 1:1317-1318, 1978. 


Moenginah PA et al, Sucrose electrolyte solution for oral 

rehydration in diarrhea, J Trop Pediatr Env Child Hlth 24:127-129, 

1978 (see No. 63). 


119. Morley D et al, Spoons for making glucose-salt solution (letter), 

Lancet 1:53-54, 1978. 


Nalin DR et al, Comparison of sucrose with glucose in oral 

therapy of infant diarrhoea, Laruet 2:277-279, 1978 (see No. 64). 


110 




120. Nalin DR, A spoonful of sugar... (letter), Lancet 2:264, 1978. 


121. Ran8ome-Kuti 0 et al, Oral therapy of infant diarrhoea (letter), 

Lancet 2:471, 1978. 


122. Rohde JE, Preparing for the next round: convalescent care after 

acute infection, Am J Clin Nutr 31:2258-2268, 1978. 


Sack DA et al, Oral hydration in rotavirus diarrhoea: A double 

blind comparison of sucrose with glucose electrolyte solution, Lancet 

2:280-283, 1978 (see No. 65). 


123. Sack RB, et al, The current status of oral therapy in the 

treatment of acute diarrheal illness, Am J Clin Nutr 31:2251-2257, 

1978. 


Seriki 0, Management of moderately severe dehydration by 

continuous intra-gastric infusion of electrolyte solution, Trop Doctor 

8:134-136, 1978 (see No. 38). 


124. Agarwol A, A cure for a killer—but how to deliver it? Nature 

278:389-391, 1979. 


125. Anon, The control of acute diarrheal diseases: WHO and UNICEF 

collaborate in country programmes, WHO Chron 33:131-134, 1979. 


Cash RA, Oral therapy for diarrhea, Trop Doctor 9:25-30, 1979 

(see No. 77). 


126. Finberg L et al, Oral therapy for dehydration in acute diarrhoeal 

diseases with special reference to the global diarrhoeal diseases 

control program, WHO unpublished document, 1979. 


Hutchins P et al, Comparison or oral sucrose and glucose 

electrolyte solutions in the out-patient management of acute 

gastro-enteritis in infancy, J Hyg (Camb) 82:15-19, 1979 (see No. 66). 


Nalin DR et al, Oral rehydration and maintenance of children with 

rotavirus and bacterial diarrhoeas, Bull WHO 57:453-459, 1979 (see No. 

40). 


Nalin DR et al, The problem of emesis during oral 

glucose-electrolyte therapy given from the onset of severe cholera, 

Trans Roy Soc Trop Med Hyg 73:10-14, 1979 (see No. 41). 


Rahaman MM et al, Diarrheal mortality in two Bangladeshi villages 

with and without community-based oral rehydration therapy, Lancet 

2:809-812, 1979 (see Nc. 78). 


Ill 




127. McCord C, Oral fluid treatment for diarrhea in Menoufia 

govemorate, Egypt, A report from the American Public Health 

Association, 1979. 


128. Rees L et al, Gradual reintroduction of full-strength milk after 

acute gastroenteritis in children, Lancet 1:770-771, 1979. 


129. Report of the Scientific Working Group on Child Care Practices 

Related to Diarrheal Diseases, unpublished document, WHO/DDC/79.4, 

1979. 


130. WHO Scientific Working Group, Clinical management of acute 

diarrhea, unpublished document WHO/DDC/79.3, 1979. 


131. Anon, Developing an oral rehydration service, Unpublished WHO 

document. 


132. Hirschhorn N, The treatment of acute diarrhea in children, an 

historical and physiological perspective, Am J Clin Nutr (in press). 


International Study Group, Benefical effects of oral 

electrolyte-sugar solutions in the treatment of children's diarrhea, 

Part 2, Studies in seven rural villages (in preparation), (see 

No. 80). 


Nalin DR et al, Comparison of low and high sodium and potassium 

content in oral rehydration solutions, (in preparation), (see No. 68). 


Pizarro D et al, Rehidratacidn por la vfa oral en-niflos menores 

de un mes de edad, Unpublished manuscript (see No. 44). 


133. Pizarro D et al, Evaluation of oral therapy for infant diarrhea 

in an emergency room setting: utilization of acute episode for 

instructing mothers in oral therapy method, Unpublished manuscript. 


112 




AUTHOR INDEX 


Author 


Aballi, A.J. 

Agarwol, A. 

Anon. 


Baral, M.R. 

Barker, W.H. 

Bart, K.J. 

Barzgar, M.A. 

Biddulph, J. 

Bollag, U. 

Brotowasisto 


Cash, R.A. 

Chakraborty, B. 

Chatterjee, A. 

Chatterjee, H.N. 

Church, M.A. 

Colle, E. 

Crane, R.K. 

Curran, P.F. 

Cutting, W.A.M. 


Darrow, D.C. 

De, S. 


Editorial 


Fazil 

'field, M. 

Finberg, L. 

Fisher, R.B. 

Fortin, J. 


Gracey, M. 

Harrison, H.E. 

Hatcher, G. 

Hendrata, L. 

Hirschhorn, N. 


Hutchins, P. 


International Study Group 


91 

124 

94, 


92 

73 

22, 

37 

85 

101 

95 


23, 

102 

58, 

2 

86 

5 

10 

8 


103 


1 

32, 


30, 


42 

60 

126 

3, 34 

113 


104 

4, 

96 

114 

12, 

87, 

66 


75, 


Abstract No. 


7 


28, 50, 74, 

108, 115, 132 


79, 80 


112, 125, 131 


54 


70, 77 


62 


33 


31, 34, 51 


113 




Jellife, D.B. 

Jere, A. 


Kidman, A.A. 

King, M. 

Ruberski, T. 


Levine, G.M. 

Lishnevsky, M.S. 

Ludan, A.C. 


McCord, C. 

Hahalanabis, D. 

Mazumdar, H. 

Melamed, A. 

Moenginah, P.A. 

Moran, M. 

Morley, D. 

Naik, W* 


Nalin, D.R. 


Nichols, B.L. 


Olsen, W.A. 


Pal, S.C. 

Palmer, D.L. 

Phillips, R.A. 

Pierce, N.F. 

Pizarro, D. 


Rahaman, M.M. 
Rahilly, P.M. 
Ransome-Kuti, 0. 
Rees, L. 
R ik l i s , E. 
Rohde, J.E. 

Sack, D.A. 

Sack, R.B. 

Sandle, 6.1. 

Sedgwick, J.R. 

Seriki, 0. 


Taitz, L.S. 

Taylor, P.R. 

Thomas, K. 

Turnberg, L.A. 


81, 

105 


106 

58, 

67 


72 

35 

29 


117, 

24, 

30 

118 

52, 

97 

119 

56 


13, 

41, 

49, 

69, 

107, 


14 


76 

59 

9, 

15, 

44, 


78 

57 

121 

128 

6 

89, 

111. 

65 

26, 

61 

99 

38 


88 

45 

39 

17 


82 


116 


127 

31, 71, 83, 


63 


19, 25, 27, 

43, 46, 47, 

53, 55, 64, 

84, 121 

109 


11 

16, 18, 20, 

133 


90, 98, 111 

122 


123 




Ware, S. 100 
WHO Scientific Working Group 129 

on Child Care Practices 
WHO Scientific Working Group 

on Clinical Management of 
Acute Diarrhea 130 

115 


r 7 




Country


Bangladesh


Costa Rica


Egypt

El Salvador

England


Guatemala


India


Indonesia

Iran


Jamaica


Lao People's 

Democratic Republic

Liberia


Mozambique


Nepal

Nigeria


Papua-New Guinea

Philippines


South Africa

Sudan


Trinidad

Tunisia

Turkey


Uganda

United States


COUNTRY INDEX 


 Abstract Number 


 12, 13, 23, 25, 26, 27, 33, 45, 46, 

47, 48, 53, 59, 65,- 69, 70, 71, 78, 

84, 89 


 40, 44, 64, 111, 133 


 112, 127, 130 

 112 


 57, 61, 66, 88, 100, 103, 129 


 113 


 2, 15, 16, 18, 21, 24, 30, 31, 32, 

39, 52, 56, 58, 62, 63, 76, 83, 87, 

89, 99, 103, 105, 112, 117, 124 


 89, 90, 95, 104, 114, 122 

 37, 112, 130 


 68, 100 


 35, 112 

 112, 130 


 118 


 92 

 38, 82, 97, 112, 121 


 85 

 9, 11, 29, 75, 79, 80, 110, 


111, 129 


 82 

 105 


 103 

 112 

 42, 112, 125, 130 


 86 

 1, 4, 5, 14, 17, 28, 41, 50 


116 


/;'; 





