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Described are the findings of a multicentre cohort study to test an algorithm for the treatment of persistent
diarrhoea relying on the use of locally available, inexpensive foods, vitamin and mineral supplementation,
and the selective use of antibiotics to treat associated infections. The initial diet (A) contained cereals,
vegetable oil, and animal milk oryoghurt. The diet (B) offered when the patient did not improve with the initial
regimen was lactose free, and the energy from cereals was partially replaced by simple sugars. A total of460
children with persistent diarrhoea, aged 4-36 months, were enrolled at study centres in Bangladesh, India,
Mexico, Pakistan, Peru, and Viet Nam. The study population was young (11.5 ± 5.7 months) and malnour-
ished (mean weight-for-age Z-score, -3.03 ± 0.86), and severe associated conditions were common (45%
required rehydration or treatment of severe infections on admission). The overall success rate of the
treatment algorithm was 80% (95% Cl, 76-84%). The recovery rate among all children with only diet A was
65% (95% Cl, 61-70%), and was 71% (95% Cl, 62-81%) for those evaluated after receiving diet B. The
children at the greatest risk for treatment failure were those who had acute associated illnesses (including
cholera, septicaemia, and urinary tract infections), required intravenous antibiotics, and had the highest
initial purging rates. Our results indicate that the short-term treatment of persistent diarrhoea can be
accomplished safely and effectively, in the majority of patients, using an algorithm relying primarily on locally
available foods and simple clinical guidelines. This study should help establish rational and effective
treatment for persistent diarrhoea.

Introduction
Persistent diarrhoea, defined as diarrhoea lasting
for ¢14 days (1), usually accounts for <10% of all
diarrhoeal episodes but is associated with 30-50% of
deaths due to diarrhoea (2-4). Malnutrition, which is
so closely linked with persistent diarrhoea that the
two diseases are often considered twin manifesta-
tions of the same process (1, 2-6), greatly increases
the risk of death for children with persistent diar-
rhoea (3).

The pathogenesis of persistent diarrhoea is un-
known but is probably multifactorial (5, 6). Factors
that may play a role include infection, mucosal in-
jury, delayed repair of mucosal injury, and host sus-
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ceptibility, all of which are strongly influenced by
malnutrition (5, 6). Lack of understanding of the
pathogenesis of persistent diarrhoea has hindered the
development of successful therapy and has contri-
buted to widely practised, ineffective treatments (5).
For example, the success rate for routine anti-
microbial treatment of possible enteric infections,
including small-bowel overgrowth, has been 40-60%,
similar to that of placebo treatment (7-9). Most
nutritional trials have focused on long-term (¢1
month) inpatient treatment of malnutrition and have
generally excluded children with severe diarrhoea or
infection (10-14). The outcomes of such trials have
generally been measured in terms of weight gain or
nutrient absorption; the impact on the duration or
severity of diarrhoea is usually not assessed (10-14).
In developed countries, dietary treatment for per-
sistent diarrhoea is based either on total parenteral
nutrition (TPN) or on enteral diets that are expen-
sive and unavailable in developing countries (15).
When the impact of nutritional treatment has been
evaluated in developing countries by diarrhoeal out-
come measures, the success of frequently used, ex-
pensive lactose-free formulas can be <60% (16).
Nutritional trials that have included children with
severe infections have resulted in case-fatality rates
that can approach 25% (14, 17).

However, recent data have indicated that the
use of cereal- and legume-based diets with oil can
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result in higher success rates in treating children with
persistent diarrhoea and malnutrition (16,18). These
diets have several characteristics that are ideal for
situations in the developing world: they are inexpen-
sive, culturally acceptable, and can provide sufficient
levels of energy and nutrients for malnourished chil-
dren (19). In addition, the use of local foods can
allow for continued dietary therapy of malnourished
children at home.

Although cereal-legume diets have many ad-
vantages, they do not provide complete protein for
humans and can be improved by the addition of milk
products that enhance the protein quality, provide
micronutrients, and improve palatability (19). The
optimal amount of milk to include has not been de-
termined, but use of a full-milk diet (the equivalent
of 6 g of lactose *kg-'-day-1) appears to increase di-
etary intolerance, as it has resulted in increased stool
output in children with persistent diarrhoea (20).
However, recent studies of children in developing
countries indicate that more modest amounts of milk
products can be tolerated in mixed diets given to
treat acute (21, 22) and persistent diarrhoea (16).

Although initial studies of milk-cereal or milk-
legume diets have demonstrated encouraging re-
sults, not all children improve on this therapy (16,
18). Dietary intolerance (continued diarrhoea or
poor weight gain) and systemic infections appear to
be the most common cause for failure of these diets;
however, the nature of this dietary intolerance has
not been well characterized. Providing a less com-
plex form of carbohydrate by substituting a mono-
saccharide (glucose) or disaccharide (sucrose) for at
least some of the starch of a milk-cereal diet can
result in an effective therapy (23). When milk is re-
moved from the diet, chicken and egg protein are
often well tolerated in children with diarrhoea (18,
24). Fewer practical options are available for altering
the nature of the fat component of the diet, other
than substituting vegetable oil for animal fat (19).

Since micronutrient deficiencies are common in
malnourished children (25) and may be exacerbated
by nutrient losses from diarrhoea (26), micronutrient
supplementation may play an important role in the
therapy of persistent diarrhoea (19). Diets consisting
of staple foods, even when supplemented with milk,
are likely to be deficient in some micronutrients,
and micronutrient supplementation may be required
(19).

Effective treatment for persistent diarrhoea
must also address the increased vulnerability of
these children to infections (14, 17, 27). Severe extra-
intestinal infections account for most of the deaths in
children with persistent diarrhoea, emphasizing the
need for aggressive antimicrobial treatment for spe-
cific infections (14, 17, 28).

On the basis of these data, the International
Working Group on Persistent Diarrhoea, sponsored
by WHO and the Applied Diarrheal Disease Re-
search Project of the Harvard Institute for Inter-
national Development, developed a treatment
algorithm for use in health facilities in developing
countries. The algorithm emphasizes provision of
country- and culture-specific, locally available foods
(initial and subsequent diet), micronutrient supple-
mentation, and appropriate antimicrobial treat-
ment for specific infections. The initial diet is starch
based and has a reduced milk concentration (<3.7 g
of lactose/iSOkcal), while the subsequent diet for
children who do not improve with initial treatment
is milk free and contains starch and oligo- and
disaccharides.

The objective of this multicentre, prospective,
cohort study was to measure the efficacy of the
above treatment algorithm for hospitalized children
with persistent diarrhoea. A multicentre cohort de-
sign was chosen for several reasons. Multiple centres
were required to ensure an adequate number of pa-
tients to provide statistical power for the analysis of
outcomes as well as to determine whether an algo-
rithmic approach to therapy could be widely applica-
ble. Randomization of treatments was undesirable
because the investigators agreed that two of the
treatments - micronutrient supplementation and
the use of appropriate antibiotics - were essential
for every child. Since the treatment diets in each
country were formulated using local ingredients, and
were influenced by local cultural practices, compari-
son of the diets with a standard diet would have
required six different analyses. We chose, instead,
to measure the success of the algorithm against an
arbitrary standard success rate of 75%. This rate is
higher than that reported in most previous studies of
the treatment of persistent diarrhoea (7-14, 16, 17)
and was considered sufficiently high to demonstrate
practical benefit to large populations of children.

Methods
Sites and subjects
The study was carried out from 15 March 1992
through 14 July 1993 in six hospitals: the Interna-
tional Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B), Dhaka, Bangladesh; the
All India Institute for Medical Sciences (AIIMS),
New Delhi, India; the Hospital Infantil de Mexico
Frederico Gomez, Mexico City, Mexico; the Aga
Khan University and National Institute for Child
Health, Karachi, Pakistan; the Instituto de Inves-
tigacion Nutricional (IIN), Lima, Peru; and the Chil-

WHO Bulletin OMS. Vol 74 1996480



Multicentre evaluation of a diarrhoea treatment algorithm

dren's Hospital No. 1, Ho Chi Minh City, Viet Nam.
Persistent diarrhoea was defined as a history of

>3 liquid stools/day for ¢14 days with no more than
2 intervening days without diarrhoea. Children aged
4-35 months with persistent diarrhoea were included
in the study if they met one of the following criteria:
(1) weight-for-height <80% of the NCHS (National
Center for Health Statistics) median or weight-for-
age <75% of the NCHS median (i.e. second or third
degree malnutrition), (2) associated systemic infec-
tion severe enough to require hospitalization, or (3)
signs of dehydration. Exclusion criteria included
exclusive breast-feeding in children <6 months old,
oedema, chronic underlying illness (e.g. tuberculosis,
renal failure), severe congenital malformations,
weight-for-height <50% of the NCHS median, or
lack of parental consent. The study was approved by
the ethical review committees of each sponsoring
institution.

Algorithm
The components of the treatment algorithm are
summarized in Fig. 1 (along with the disposition of
the children at various stages of the study). A careful
history from the parent or caregiver and a physical
examination were obtained for each patient on ad-
mission. All children who met the inclusion criteria
were admitted to the study. A stabilization period
<24 hours was used to begin treatment of severe
illness in children whose condition was clinically
unstable, or to rehydrate children with signs of
dehydration. Oral rehydration salts solution was
used to rehydrate children with mild dehydration as
well as to replace ongoing diarrhoeal stool losses.
Severe dehydration was treated initially with intra-
venous rehydration solutions, i.e. Ringer's lactate or

Dhaka solution (i.e. sodium 133 mmol/l, potassium
13 mmol/l, chloride 98 mmol/l, acetate 48mmol/1).

The need for a stabilization period was deter-
mined by physical and/or laboratory examination.
Clinical stabilization of the patient was considered to
have been achieved when there was improvement or
no further deterioration of clinical status, allowing
the child to begin dietary therapy. Dehydrated chil-
dren were considered to have been stabilized once
all clinical signs of dehydration had disappeared.
Children who could not be stabilized during a
24-hour period were transferred to the intensive care
unit or other hospital setting for specialized treat-
ment and were excluded from the study. "Zero
time", i.e. the beginning of the dietary component of
treatment, was defined as the end of the stabilization
period for those successfully stabilized, and as admis-
sion for children without dehydration or clinical
instability.

All children received diet A initially, and breast-
milk feeding was continued for children who were
not weaned. Each centre designed its own diet A to
include (1) locally available and culturally accept-
able foods, (2) >9.5% of total calories as proteins,
(3) animal protein (i.e. milk or yoghurt), and (4)
energy density >65 kcal/100g (Table 1). The lactose
content of these diets was <3.7g/150kcal (a full-milk
diet has about lOg/150kcal). In each case, diet A
consisted mainly of cereals, legumes, vegetable oil,
and milk products. Diet B, which was used when
children did not improve on diet A, differed by the
substitution of chicken or eggs for milk products, by
having lower cereal and legume content, and by be-
ing lactose free (Table 1). In each case, diet B had an
energy density -65 kcal/100 g and supplied part of its
carbohydrate component as starch (i.e. rice) to re-
duce osmolarity. The diets were prepared under the

Table 1: Composition of study diets

Energy
density

Ingredients (kcal/100 g)

Rice, milk, sucrose, oil 87
Rice, milk, sucrose, oil 87, 96a
Maize, milk, sucrose, oil 77
Rice, yoghurt, lentils (dhal), oil 100
Rice, milk, sucrose, oil 75
Rice, milk, soy flour, sucrose, oil 85

Rice, egg-white, glucose, oil 92
Rice, chicken, glucose, oil 78
Rice, chicken, sucrose, oil 70
Rice, chicken, glucose, oil 120
Rice, egg-white, glucose, oil 75
Rice, chicken, glucose, oil 65

Protein Lactose
(%) (g/150 kcal)

9.8
10.0
9.6

13.1
9.6

11.7

9.7
11.7
13.0
14.5
12.7
14.1

3.70
3.04
2.65

<1.80
3.67
2.54

0

0

0

0

0

0

a Energy density varied by age group.
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Country

Diet A
Bangladesh
India
Mexico
Pakistan
Peru
Viet Nam

Diet B
Bangladesh
India
Mexico
Pakistan
Peru
Viet Nam
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Fig. 1. Algorithm for the management of persistent diarrhoea.

supervision of trained nutritionists. Micronutrient
supplements, in the form of Centrum and Caltrate
tablets (Lederle Laboratories, Wayne, NJ, USA),
were given to provide at least twice the U.S.-
recommended daily requirement of vitamins and
minerals, including vitamins A, pyridoxine (B6),
cyanocobalamin (B12), C, ergocalciferol (D2), E,
phytomenadione (K), thiamine (B1), niacin, ribo-
flavin (B2), folate, pantothenic acid, biotin, calcium,
phosphorus, magnesium, iron, zinc, copper, iodine,
selenium, manganese, cobalt, and molybdenum. The
tablets were crushed and mixed with the study diets.
Children were allowed to eat at least six times per
day to reach a caloric target of 150kcal-kg- 'day-l;
no restriction was made on children who wished
more food. Children with third degree malnu-

trition were routinely given a seventh daily feed-
ing. Water was allowed as desired. Careful mea-
surements were made of all food and water
consumed.

Antimicrobial therapy was given for clinically or
laboratory diagnosed infection recognized on ad-
mission or during the study. Illnesses treated with
antimicrobials included dysentery (i.e. bloody diar-
rhoea), cholera and giardiasis as diagnosed by stool
examination, urinary tract infection as diagnosed by
culture or microscopy, acute lower respiratory infec-
tion as diagnosed by chest X-ray, and suspected or
culture-proven sepsis.

In the absence of new infection, a change from
diet A to diet B was made when one of the following
conditions occurred: (1) reappearance of dehydra-
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tion anytime after admission or after rehydration
during the stabilization period, (2) increase in stool
weight to >200g kg-1-day-' or >2000g during
any 24-hour period, (3) for females, >9 watery
stools/day, (4) stool volume >60g kg-1 day-l on day
7 of the protocol, (5) for females, >6 watery stools/
day on day 7, (6) weight at the end of day 7 <
admission weight if there was no weight gain on any
two of days 5, 6, or 7 and dietary intake was
>100kcal-kg-l-day-' for 3 consecutive days. Chil-
dren taking <100kcal-kg-'-day-I for 3 consecutive
days were fed by nasogastric tube.

When a child met any of the criteria for a change
to diet B, he or she was rehydrated as necessary and
fed diet B with no other change. Cessation of diar-
rhoea was defined as a 48-hour period with <2 liquid
stools/day. Recovery (i.e. success) was defined as
cessation of diarrhoea with weight > "zero time"
weight or 2 consecutive days of weight gain >20g/day.

Children were weighed (without clothing) on
admission, after rehydration, and at least daily on
scales accurate to '610g. Recumbent length was
measured to the nearest 1 mm on admission and
at discharge. Clinical assessment of patients, the
number and characteristics of the stools passed, and
the number of vomiting episodes were continuously
monitored and summarized for 8-hour periods. All
intakes and outputs were measured and recorded
every 8 hours. Stool weights were determined using
pre-weighed diapers or metabolic beds for males and
emesis was measured using pre-weighed pieces of
cotton. Stool frequency but not volume was meas-
ured for females. For males, urine was collected in
urine bags.

The following laboratory evaluations were per-
formed on all patients: complete blood count, blood
glucose level, serum electrolyte levels, total blood
protein and specific gravity, urine analysis and spe-
cific gravity. Stool testing included pH determina-
tion, tests for reducing substances, and microscopic
examination of a Sudan stain preparation for stool
fat, as well as for leukocytes, red blood cells, and
parasites, including Giardia spp., Cryptosporidium
spp., and Entamoeba histolytica. Stools were rou-
tinely evaluated for Salmonella spp., Shigella spp.,
Campylobacter spp., and Vibrio cholerae by standard
bacteriological techniques,a and for rotavirus by
enzyme-linked immunosorbent assay (ELISA).
Testing for enterotoxigenic, enteropathogenic, and
enteroadherent Escherichia coli was performed in

a Manual for laboratory investigations of acute enteric infections.
Unpublished WHO document CDD/83.3 Rev. 1, 1987 (available
upon request from Division of Child Health and Development,
World Health Organization, 1211 Geneva 27, Switzerland).

Bangladesh, India, and Viet Nam using standard
techniques.a Blood and urine cultures and radio-
logical examinations were obtained when clinically
indicated.

Sample size and statistics
Sample size was based on an anticipated success rate
of 80 ± 5%. With a significance level of 5% and a
power of 90%, a sample size of 712 was calculated
(29). Fewer children were enrolled because of diffi-
culty in recruiting a sufficient number of patients
within the time limits of the study. Statistical analysis
was performed with SPSS/PC software. The x2 test
was used to compare differences in proportions.
Relative risk ratios (and 95% confidence intervals)
were calculated to identify variables related to treat-
ment outcome (30, 31).

Results
A total of 460 children who met the entry criteria
were enrolled at the six study centres (Table 2).
Admission characteristics were remarkably similar
in many respects, including mean age, weight,
weight-for-age and weight-for-height Z-scores, dura-
tion of diarrhoea, and stool frequency on admission.
Of these children, 40% were dehydrated on admis-
sion, 21% had a temperature :38°C, and the mean
weight-for-age Z-score for all children was -3.03
(standard deviation (SD), 0.86).

A total of 207 children (45%) required a
stabilization period. Of these, 52 (11%) were too ill
to be stabilized within 24 hours and were transferred
to intensive care or other hospital settings for spe-
cialized treatment. Among these 52 children, 29 had
severe infections (septicaemia or severe pneumonia)
and most (42) had high purging or continued dehy-
dration, including 33 for whom enteric pathogens
were recovered from stools.

The remaining 408 children (89%) received di-
etary treatment with micronutrient supplementation
and antimicrobial therapy as needed (Fig. 1). The
overall success rate for these children was 80% (95%
confidence interval (CI): 76-84%). The success rate
ranged from 65% in Pakistan to 89% in India and
Peru. Weight gain after correction of dehydration
was achieved in 88% (360) of cases. The mean
weight gain from "zero time" to discharge averaged
315g (SD, 331) for a mean stay of 8.8 days (SD, 5.7)
for all 408 children and, 405 g (SD, 305) when
measured from the lowest weight recorded. About
60% (32/48) of the children who lost weight dur-
ing the first days of treatment demonstrated weight
gain from their lowest recorded weight during
hospitalization.
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A total of 302 (66%) of the children had an
associated illness, including 46 of the 52 children
who could not be stabilized within 24 hours. Almost
half (218) had evidence of associated infection on
admission or on the first day of hospitalization. A
total of 90 children (20%) had a diagnosis of more
than one associated infection. The most common
infections were acute lower respiratory infection
(107), septicaemia (80, 22 diagnosed by blood cul-
ture and 58 clinically), upper respiratory infection
(47), and urinary tract infection (39). Illness devel-
oped on day 5 or later in 51 children (11%), indicat-
ing probable hospital acquisition of the pathogen.
The overall success rate for children with severe
infection who received dietary treatment was slightly
lower (75%) than the rate for children without
severe infection (83%). Intravenous antibiotics were
required for 175 children (38%) and oral or intra-
venous antibiotics for 286 children (62%).

Enteric pathogens were identified in 291 chil-
dren (63%). The most common diseases were dysen-
tery (78) and cholera (20). The most frequently
recovered organisms were rotavirus (67), Cam-
pylobacter jejuni (44) and Shigella spp. (31). The
overall success rate for children with enteric patho-
gens who received dietary treatment (79%) was
similar to that of those without pathogens (81%).
The only exception was children with cholera.
Of the patients with cholera, 9 out of 20 could
not be stabilized and only 3 of the 11 cholera

patients who received dietary treatment recovered.
Although 76 patients presented with hypo-

kalaemia (serum K < 2.5mmol/l, Table 3), electro-
lyte abnormalities associated with refeeding were
infrequent. Only 64 children (14%) required potas-
sium supplements in addition to oral rehydration
salts solution and diet. Persistent hypokalaemia
(K < 2.5 mmol/l on two or more analyses) was found
in only 12 patients (3%), except when associated
with severe purging or sepsis. Abnormalities in se-
rum sodium and protein (Table 2), and serum glu-
cose, haematocrit, and urine analysis (data not
shown) were rare.

Several risk factors for treatment failure were
identified (Table 3). Cholera, septicaemia, urinary
tract infections, and the need for intravenous anti-
biotics were the factors most strongly associated
with failure. Stool frequency >5 during the first
8 hours after admission, admission temperature
>38 °C, and severe illness on admission (stabil-
ization period >8 hours) were also significant
predictors of failure. Although not statistically
significant, a trend towards treatment failure was
seen in those who were younger and more severely
malnourished. No pre-admission history findings
were associated with treatment failure. Labora-
tory evaluations, including serum chemical analyses
or identification of enteric pathogens or faecal
leukocytes, had little predictive value for treatment
failure.

Table 3: Risk factors associated with treatment failure

Relative 95% Confidence
Factor riska interval

Pre-hospitalization illness
History of fever 1.16 0.74-1.80
History of blood in stool 0.52 0.31-0.87
History of measles within 2 months 2.51 0.91-6.88

Admission characteristics
Weight-for-age (Z-score): -2.5 to -4.0 1.14 0.65-1.97

<-4.0 1.39 0.81-3.79
Clinical signs of ARIb 0.83 0.34-2.03
Signs of dehydration 1.52 0.96-2.40
Rectal temperature >38°C 2.08 1.21-4.66
Duration of stabilization period: 1-8h 1.20 0.67-2.17

9-24h 1.98 1.15-3.40
Stool frequency >5 during first 8 h 2.54 1.44-4.48

Type of associated infections
Septicaemia 2.46 1.47-4.12
Pneumonia 1.09 0.72-1.65
Urinary tract infection 2.28 1.06-4.93
Cholera 8.45 1.99-35.9

lVC antibiotics administered during first 3 days 1.97 1.17-3.32
IV antibiotics administered after 3rd day 6.24 2.91-13.4

a Calculated only for patients who received dietary treatment; patients who could not be
stabilized are not included.
bARI = acute respiratory infection.
c IV= intravenous.
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Children with a history of bloody stools or fae-
cal red blood cells identified on admission had a
reduced risk of failure. Most of these children had
not received appropriate therapy for dysentery
(shigellosis) prior to admission and responded
quickly to therapy initiated during the study.

Of the 408 children receiving diet A, 267 recov-
ered with this diet only (65%; 95% CI, 61-70%). The
denominator includes 29 children in whom the effect
of treatment could not be assessed: 17 who were
removed by their parents during the first week of
treatment (3.9 ± 2.0 days) and 12 who were prema-
turely discharged. Admission characteristics of these
children did not differ from the rest of the patients
(data not shown).

The remaining 112 children who did not
recover with diet A fell into the following groups:
(1) 78 children (70%) with high stool volume
(>200g-kg- -day-1) or reappearance of dehydration;
(2) 26 children (23%) with stool volume
>60g-kg-l-day-1 or stool frequency >10/day on day
7 of therapy; (3) 6 children (5%) with severe infec-
tions without diarrhoea, or with a surgical emer-
gency; and (4) 2 children (2%) with no weight gain
by day 7. Of these 112 children, 30 (29%) failed on
day 1 and in fact received little dietary treatment.

For the 112 children who did not recover with
diet A the following applied: 8 were removed from
the study because they required surgery (2 children)
or had severe infections requiring intensive care (6
children; 1 continued on diet A and later met the
criteria for success); 6 were removed from the study
after initial failure and received no further dietary
treatment; and 14 inappropriately received diet A
instead of being switched to diet B according to
the criteria established for this study. Of these 14 chil-
dren, 9 subsequently met the criteria for success and
were discharged from the hospital, 2 improved clini-
cally with diet A and were discharged from the hos-
pital before they formally met the criteria for success.

Of the remaining 84 children who were switched
to diet B, 60 recovered (71%, 95% CI, 62-81%). The
treatment algorithm could not be assessed in 13 of
these 84 patients for the following reasons: 6 were re-
moved by their parents during the first week of treat-
ment with diet B; and 7 were prematurely discharged.

The 11 children who failed with both diets had
high purging rates with diet B; 8 had stool volume
>200g-kg-l-day-1 or required intravenous rehy-
dration, and 3 had stool volume >60g-kg-l-day-I
on day 7 of diet B. Of these 11 children, 8 had an
associated illness and received care as required.

Of the children who entered the study, 10 (2%)
died; 7 were critically ill with sepsis on admission and
could not be stabilized, and 3 developed severe sep-
sis during the second week of treatment.

Discussion
Although persistent diarrhoea and associated mal-
nutrition are major health problems for young
children, especially in developing countries, no
uniform approach to successful therapy has been
developed. The results of this multicentre study
indicate that a treatment algorithm based on nutri-
tional therapy using inexpensive, locally available
foods, vitamin and mineral supplementation, and
antimicrobial therapy for specific infections can be
successful for the short-term management of these
children.

The population chosen for this study represents
severely ill children with persistent diarrhoea, as
measured by low mean weight-for-age Z-scores,
frequent dehydration, and associated infections.
Despite this, 80% of those receiving dietary treat-
ment recovered. This success rate was similar across
the six geographically and culturally diverse study
centres and is higher than that reported previously
in therapeutic trials for persistent diarrhoea and
malnutrition (7-14, 17). The high success rate of
the treatment algorithm provides support for the
use of such diets as an alternative to specialized
formulas.

In addition to the high success rate, the short-
term effectiveness of the diets is emphasized by the
fact that almost all children gained weight, including
those who met our criteria for treatment failure.
Only 2 children failed treatment because they did
not gain weight. Further evidence of tolerance of the
diets is that 90% of the children receiving dietary
treatment had low stool outputs at completion of
therapy (data not shown). Clinical problems asso-
ciated with electrolyte abnormalities were rarely
experienced, although they have been reported
during the rapid nutritional rehabilitation of sev-

erely malnourished patients (32, 33). Therefore, the
study diets (A and B) appear to be practical and
effective alternatives to expensive specialized for-
mulas for the treatment of children with persistent
diarrhoea.

Our strict recovery criteria probably under-
estimated the true number of children who could
be successfully managed with the treatment algo-
rithm. All children receiving dietary treatment, even
those removed before the efficacy of therapy could
be measured, were included in the denominator
for calculation of success rates. In addition, 10 of
the 112 children who failed with diet A were not
switched to diet B and eventually recovered with
diet A, although they were no longer considered
to be in the study. Most of these children required
a brief period of intravenous therapy to help
treat severe illness or dehydration. These children's
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recovery suggests that judicious use of adjuvant
intravenous therapy could result in more children
benefiting from diet A. Also, of the 52 children
who could not be stabilized within the prescribed
24-hour period, several eventually improved and
recovered after subsequent treatment according to
the algorithm. Thus, a longer stabilization period
may allow for more children to be successfully
treated.

This study provides some insights into the
natural history of persistent diarrhoea. At the time
of admission, the majority of children (312, 68%)
had evidence of an associated illness (129), dehydra-
tion (98), or both (85). This provides support for
the concept that children with persistent diarrhoea
are very vulnerable, and that an associated illness
can lead to serious deterioration. The 20 children
with cholera, almost all of whom could not be
stabilized or failed therapy, provide an important
example of how an acute associated infection can
have serious consequences if not recognized and
treated early.

An evaluation of the 123 children who did not
improve with diet A indicates potential problems
of the treatment algorithm and suggests questions
for further studies. Almost all these children (93%)
had continuing diarrhoea. Of these, 30 are difficult
to evaluate as they had high purging rates on the
first day of treatment, before an appreciable amount
of diet or other therapy could be administered. Of
the 93 remaining children, 56 had >200g-kg-1-day-1
of stool output or recurrence of dehydration, while
29 had continuing lower volume (>60g-kg-1.day-1)
diarrhoea after 1 week of treatment. These findings
suggest that dietary intolerance may have played
a role in treatment failure. Further investigation
will be required to determine whether modification
of these diets could yield better results. For example,
the optimal amount of lactose cannot be assessed
from this study and data from controlled trials will
be required to determine this. However, the diets
may not be the only factor deserving further investiga-
tion, since some children who failed treatment were
kept on their initial diet and eventually recovered,
often after receiving a brief period of intravenous
therapy. As mentioned above, the judicious use and
timing of adjuvant therapy may have a significant
impact on outcome.

Our analysis confirmed some previously pro-
posed predictors of failure. As expected, children
with the highest initial purging rates or severe associ-
ated illnesses (e.g. cholera) were more likely to fail.
The higher success rate for children with persistent
bloody diarrhoea (dysentery) was unexpected. How-
ever, bloody diarrhoea is mostly caused by Shigella
spp., and these children responded rapidly to treat-

ment with an appropriate antibiotic.b This result
indicates that many children with bloody diarrhoea
had been treated inappropriately and emphasizes
the need to base therapy for dysentery on treatment
of presumed shigellosis.

In general, expensive laboratory evaluations
were of little benefit in guiding successful treatment
of persistent diarrhoea. Evaluations for enteric
pathogens and determination of serum chemical
analyses (Table 2) and assessment of faecal red
blood cells and reducing substances (Table 3) con-
tributed little to the care of the majority of cases.

Several potential limitations should be consid-
ered when reviewing these data. First, this was a short-
term study: the mean duration of treatment was <9
days. Although weight gain and general improve-
ment were seen in a high percentage of children, no
routine follow-up evaluations were available after
discharge from the hospital. Second, since this was a
hospital-based study, the applicability of these find-
ings to community settings can only be guessed at.
Community studies of the treatment algorithm are
currently under way. Third, comparing data obtained
from different populations must always be done with
caution. However, very similar admission character-
istics for children from diverse geographical areas,
the similar response to treatment using a standard-
ized protocol, and a uniformly good outcome all sup-
port the view that the proposed treatment should be
effective for most hospital-based populations.

In future, diet A could potentially be utilized in
community settings, since it is based on reasonably
inexpensive ingredients using simple preparation
techniques. Diet B included chicken or eggs, making
it more expensive and less widely available, and po-
tentially limiting its use to hospitals that can obtain
these ingredients. However, even diet B is less ex-
pensive than specialized formulas.

In conclusion, severe cases of persistent diar-
rhoea can be safely and effectively treated using
diets consisting of locally available foods, vitamin
and mineral supplementation, and specific anti-
microbial therapy. The use of mostly local supplies
and simple clinical guidelines with little reliance on
sophisticated medical technology indicates that the
treatment algorithm can be used in a wide range of
hospital settings. We believe that the results of this
study will help provide the foundation for a rational
and effective approach to treatment of this critically
important health problem.

b The treatment of diarrhoea: a manual for physicians and other
senior health workers. Unpublished document WHO/CDR/95.3,
1995 (available upon request from Division of Child Health
and Development, World Health Organization, 1211 Geneva 27,
Switzerland).
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Resume
Evaluation d'un algorithme pour le
traitement de la diarrhee persistante:
etude multicentrique
Bien que la diarrhee persistante et la malnutrition
qu'elle entraine constituent un grave problbme de
sant6 chez l'enfant, il n'existe aucun traitement
efficace universel. Nous avons realis6 une enquete
de cohorte prospective multicentrique pour tester
un algorithme de traitement de la diarrhee per-
sistante reposant sur l'emploi de regimes alimen-
taires locaux peu coOteux, une suppl6mentation
en vitamines et en sels min6raux et l'utilisation
s6lective d'antibiotiques pour traiter les infections
associ6es.

La m6thodologie de l'enquete (de cohorte,
multicentrique) a 6te choisie de fa,on que l'effectif
de malades soit suffisant et pour d6terminer l'appli-
cabilit6 a grande 6chelle d'une approche de traite-
ment reposant sur un algorithme. Le regime initial
(A) 6tait compos6 de c6reales, huile veg6tale, lait
animal ou yoghourt (lactose <3,7 g/150 kcal). Dans
certains centres il contenait en outre du sucre, des
lentilles ou de la farine de soja. Lorsque l'tat du
malade ne s'am6liorait pas avec le r6gime A, on
passait au regime B, exempt de lactose et dans
lequel une partie des aliments 6nerg6tiques de
base etait remplac6e par des sucres simples.

Au total, 460 enfants de 4 a 36 mois ont ete
inclus dans l'6tude. Les centres participants 6taient
situ6s au Bangladesh, en Inde, au Mexique, au
Pakistan, au Perou et au Viet Nam. Les critbres de
recrutement 6taient une diarrhee durant au moins
depuis 14 jours accompagn6e d'une malnutrition
mod6r6e ou grave, d'une deshydratation, ou d'une
infection grave n6cessitant I'hospitalisation. La

population d'etude 6tait jeune (11,5 ± 5,7 mois),
malnutrie (Z moyen du rapport poids/age = -3,03 ±
0,86) et les affections graves associ6es etaient
fr6quentes (45% des enfants devaient etre rehy-
drat6s ou recevoir un traitement pour une infection
grave lors de leur admission a l'h6pital). Le taux de
reussite de l'algorithme de traitement 6tait de 80%
(IC 95% = 76-84%). Le taux de guerison chez
1'ensemble des enfants dont l'etat a ete evalu6 alors
qu'ils recevaient uniquement le r6gime A 6tait de
65% (IC 95% = 61-70%), et il etait de 71% (IC 95%
= 62-81%) lorsque l'6tat 6tait 6value apres admi-
nistration du r6gime B. Une prise de poids a ete
observee chez 88% des enfants avec une augmen-
tation moyenne, apres correction de la d6shydra-
tation, d'environ 35 g/jour pour une dur6e moyenne
de traitement de pres de 9 jours. Les enfants chez
lesquels le risque d'echec du traitement etait le plus
grand etaient ceux qui pr6sentaient une maladie
aigue associ6e a la diarrh6e (chol6ra, septicemie,
infections urinaires), qui n6cessitaient une anti-
bioth6rapie par voie intraveineuse et chez qui la
diarrh6e etait la plus intense a son d6but. D'une
fa9on g6n6rale, nous avons trouv6 que les
examens de laboratoire coOteux amelioraient peu la
prise en charge des enfants.

Ces resultats montrent qu'un traitement a court
terme de la diarrh6e persistante peut etre mis en
oeuvre de fa9on sOre et efficace, chez la plupart
des malades, au moyen d'un algorithme reposant
essentiellement sur une alimentation disponible
localement et sur des directives cliniques simples.
Cette 6tude devrait aider a etablir un traitement
rationnel et efficace de la diarrh6e persistante.
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