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ABSTRACT. A controlled study was conducted comparing
the standard method of treating hospitalized infants with
acute diarrhea (limited starvation) with the initiation of
“early feeding” using a soy-based, lactose-free formula in
infants of an American Indian tribe 12 months of age or
younger. Forty-three patients, randomly assigned to
group A, were given a soy-based, lactose-free formula four
hours after hospitalization, and 44 patients, randomly
assigned to group B, received standard therapy (food was
withheld for the first 48 hours of hospitalization). After
the first 48 hours, the same soy-based, lactose-free for-
mula was given to the group B patients. Fluid intake and
output of stool, urine, and vomitus were measured until
the diarrhea resolved. Overall, group A patients showed
less mean stool output (121 + 129 (SD) mL/kg) than
group B patients (299 + 319 mL/kg) (P < .001). Further-
more, the duration of illness was significantly shorter in
group A patients (54 + 28 hours v 93 + 56 hours) (P <
.001). It was concluded that soy-based, lactose-free for-
mulas can be safely used during the acute phase of
diarrheal illness in infants and that their use shortens
the duration of illness and decreases stool output in
comparison with standard therapy. Pediatrics 1985;76:
292-298; feeding, diarrhea, soy-based formula.

Diarrhea continues to be a leading cause of mor-
bidity and mortality among children less than 5
years old in many parts of the world.! The standard
practice for managing hospitalized infants with
diarrhea is to rehydrate them orally or intrave-
nously and to withhold feeding during the first 24
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to 48 hours of therapy. The rationale given for
withholding food is that secondary disaccharidase
deficiency (such as sucrase and lactase) is often
seen in children during diarrheal illness and that
the introduction of food during diarrheal illness
may aggravate the diarrhea. Other investigators
have argued that, although stool output may in-
crease by feeding infants with diarrhea, there is a
net increase in absorption of nutrients when infants
are fed.? Despite those statements there are limited
data comparing different forms of feeding during
the acute phase of diarrheal illness.?

In a previous pilot study (unpublished data), we
evaluated the safety and efficacy of using a lactose-
containing formula during the acute phase of diar-
rheal illness. This regimen was compared with one
of two other treatment schedules: (1) withholding
food during the acute phase of diarrheal illness or
(2) introducing a soy-based, lactose-free formula.
We found that two of the 21 patients given the
lactose-containing formula experienced explosive
diarrhea during the first 24 hours of the therapy.
Similarly, Torres-Pinedo et al® also demonstrated
that stool output increased when infants were given
a lactose-containing formula.

Based on these findings, we did not use the
lactose-containing formula in our present study.
Instead, a soy-based, lactose-free formula was fed
to infants during the acute phase of their diarrheal
illness.

MATERIALS AND METHODS

Patient Population

Patients aged 0 to 12 months with acute (less
than seven days duration) watery diarrhea (at least
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five watery stools per day) hospitalized at the In-
dian Health Service Hospital, Whiteriver, Arizona,
were randomly assigned (by using block randomi-
zation with groups of four) to one of two groups (A
or B) after informed consent had been obtained
from their parents. The decision to hospitalize pa-
tients was made by the primary care physicians and
was independent of the investigators’ judgments.
The study extended from September 1982 to Dec
31, 1983.

Rehydration

After obtaining a standard history and perform-
ing a physical examination, we made a clinical
assessment of the patient’s degree of dehydration
using standard criteria.! Severely dehydrated (>9%
of body weight) patients were given Ringer’s lactate
(40 mL/kg/h) until blood pressure and pulse rate
returned to normal. Following this, rehydration was
completed within four hours by administering the
oral rehydration solution recommended by the
World Health Organization (WHO-ORS). If pa-
tients were minimally, mildly, or moderately dehy-
drated, only WHO-ORS was administered for a
four-hour period. In these patients, the calculated
deficit was replaced by giving the following volumes
of ORS: minimal dehydration (<5%), 256 mL/kg;
mild dehydration (5% to 6%), 60 mL/kg; and mod-
erate dehydration (7% to 9%), 80 mL/kg.

Feeding Regimen

After the first four hours of hospitalization, pa-
tients were fed according to the feeding protocol of
their assigned group.

Group A patients were given full-strength Isomil
(150 mL/kg/24 h), a soy-based, lactose-free infant
formula produced by Ross Laboratories, until their
discharge from the hospital. The caloric content of
Isomil is 67 calories per deciliter, and its carbohy-
drate source is sucrose and corn syrup.

Group B patients received WHO-ORS and water
(each at 75 mL/kg/24 h) for the first 48 hours of
hospitalization. After the initial 48-hour period,
half-strength Isomil was given for an additional 24
hours. After this period, full-strength Isomil was
given until the patients were discharged from the
hospital.

In both groups, ongoing stool loss for each patient
was replaced on a 1:1 basis with the WHO-ORS.
The ORS was discontinued as soon as diarrhea
stopped (no watery stools during a continuous 16-
hour period). Duration of diarrhea was defined as
the duration in hours from time of admission to the
last diarrheal stool.

Intake and Output Measurements

All oral and intravenous intakes were measured
and recorded until the diarrhea resolved. Stool out-
put was measured using wet and dry diaper weights.
Urine output was measured separately from stools
in male patients using urine bags. Volume of vom-
itus was estimated using wet and dry linen weights.

Total body weights were obtained at admission,
eight hours after admission, 24 hours after admis-
sion, and every 24 hours thereafter until discharge.
Total body weight was also obtained 2 weeks after
the patients were discharged from the hospital.

Antibiotic Therapy

Antibiotic therapy was used during hospitaliza-
tion if the patients were suspected of having a
complicating bacterial illness in addition to diar-
rhea. Antibiotic therapy was discontinued if bacte-
rial cultures were subsequently negative. Also, if
the patients’ stool cultures confirmed the presence
of Shigella organism, appropriate antibiotics were
administered.

Laboratory Studies

At the time of hospitalization, specimens were
obtained from each patient as follows:

1. Stool was aspirated using a rectal catheter.
One aliquot of stool was used to identify bacterial
pathogens by standard laboratory rechniques.’ The
presence of enterotoxigenic Escherichia coli was
confirmed by using the DNA hybridization tech-
nique.® A second aliquot was stored in 10% phos-
phate-buffered saline for identification by enzyme-
linked immunosorbent assay of rotavirus antigen,’
enteric-type adenovirus antigen,® and Clostridium
difficile toxin.® A third aliquot was used for parasi-
tologic examination, a fourth aliquot to identify
reducing substances in the stool (using Clinitest
tablets), and a fifth aliquot to measure the pH using
a pH meter.

2. Blood was obtained for determination of hem-
atocrit, total WBC count with differential, and
serum concentrations of sodium, potassium, chlo-
ride, bicarbonate, and total protein.

Twenty-four hours after admission and at dis-
charge, hematocrit determinations and serum con-
centrations of total protein, sodium, potassium,
chloride, bicarbonate, and BUN were repeated.

Stool pH and reducing substance tests were re-
peated every eight hours until diarrhea stopped.

Treatment Failures

A patient was considered to be a treatment failure
if his or her stool output exceeded 80 mL/kg of
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body weight in any eight-hour period after the first
eight hours. A patient was also considered to be a
treatment failure if he or she had persistent vom-
iting (more than three times in an eight-hour pe-
riod), thus necessitating intravenous therapy, or if
his or her diarrheal illness continued for more than
seven days. Patients who were considered treat-
ment failures were removed from the study and the
primary physician then managed the treatment ac-
cording to his or her clinical judgment.

Statistical Methods

x? analysis was used on nominal data except that
for which Fisher’s exact analysis was indicated (the
exact number in any cell was less than five). A two-
tailed t-test was performed on interval data with
normal distributions and equal variances and mod-
ified appropriately for unequal variances. The Wil-

coxon non-parametric test was used when the dis-
tribution was not normal.

RESULTS

Responses to Treatment

Eighty-nine patients were initially enrolled into
the study with 44 randomly assigned to group A
and 45 to group B. However, one person in each
group was eliminated from the study because food
other than that allowed in the study protocol had
been given to them. The admission characteristics
of the remaining 43 patients in group A and the 44
patients in group B are shown in Table 1. None of
the differences between the groups was statistically
significant. All patients were determined to be well
nourished; all had weight and height above the third
percentile according to the standards published by

TABLE 1. Admission Characteristics of Patients with Diarrhea Receiving “Early Feed-
ing” with Soy Formula (Group A) and Patients Receiving “Standard Therapy” (Group
B)*
Group A Group B
(N =43) (N = 44)
Sex (M/F) 24/19 (56%/44%) 26/18 (59%/41%)
Age (mo) 50+33 54+ 34
No. receiving formula feeding only 34 (79%) 35 (80%)
No. receiving formula feeding and baby food 9 (21%) 9 (20%)
No. of days of diarrhea before admission 3.1+22 25+15
No. with history of vomiting prior to admission 20 (47%) 18 (41%)
Temperature (°C) on admission 383+ 1.6 383+ 0.8
No. receiving antibiotics prior to therapy 9 (21%) 8 (18%)
Hematocrit (%) 39.3 £5.2 36.6 £5.4
Total protein (g) 7.0+ 0.7 6.5+ 1.2
Glucose (mg/dL) 81 +12 80 + 23
BUN (mg/dL) 13+6 12+8
Potassium (mmol/L) 4.2+ 0.7 42+1.0
Sodium (mmol/L) 136 £ 5 137+ 6
Chloride (mmol/L) 109 £ 7 106 £ 7
Bicarbonate (mmol/L) 15+3 17+5
Admission weight (kg) 64 +20 6.1 +18
Estimated degree of dehydration
Minimal (<5%) 28 (65%) 26 (59%)
Mild (5%-6%) 8 (19%) 8 (18%)
Moderate (7%-9%) 5(11%) 7 (16%)
Severe (<9%) 2 (5%) 3 (7%)
Pathogenst identified in stools
Rotavirus 9/32% (28%) 3/26 (12%)
Enteric adenovirus 1/32 (3%) 3/26 (12%)
Shigella 1/40 (3%) 1/37 (3%)
Campylobacter 0 1/37 (3%)
Salmonella 0 0
Enterotoxigenic Escherichia coli (ETEC) 7/26 (27%) 5/27 (19%)
Heat-stable enterotoxin 2 3
Heat-labile enterotoxin 3 1
Both enterotoxins 2 1

* Values are means + SD. Differences were not statistically significant.

t Bacterial cultures were performed for 77 patients (89%); findings were positive for
pathogen in 15 (20%). Enzyme-linked immunosorbent assay (ELISA) for rotavirus and
adenovirus was performed for 58 patients (67%); findings were positive for 16 (28%).

i Values are number positive/number tested.
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the US National Center for Health Statistics, 1976.
The amounts of fluid intake for both groups during
illness are shown in Table 2. Group A patients
drank significantly less ORS than group B patients
during the first 24 hours and 48 hours after admis-
sion as well as by the time illness resolved. The
total fluid intake was also significantly less in group
A than in group B.

The stool output at the end of 24 hours, 48 hours,
and at resolution was noted to be significantly less
(by Wilcoxon nonparametric analysis) in group A
patients than in group B patients (P values of .049,
.018, and .001, respectively). When stool output was
analyzed for only the male patients (for whom U-
bags facilitated separation of urine and stool output
measurement), infants in group A had less stool
output than infants in group B at 24 hours, 48
hours, and at resolution. However, these differences
were only statistically significant at resolution (P
= .049). The female patients in group A also had
less stool output in all periods; this was significant
at 48 hours and at resolution. Within each group
there was no significant difference in stool output
between male and female patients. The mean du-
ration of diarrhea was considerably less in group A
compared with group B (54 hours and 93 hours,
respectively; P < .001). The mean duration of diar-
rhea of male patients in group A compared with
those in group B was also significantly less (54
hours v 87 hours, respectively; P <.02). The percent
of weight gained (Table 3) was similar in the two
groups at the end of 24 and 48 hours, at resolution,

and 2 weeks after discharge.

None of the patients was either hyponatremic
(serum sodium < 130 mmol/L) or hypernatremic
(serum sodium > 150 mmol/L) at admission, 24
hours after therapy, and at discharge. None re-
mained acidotic (serum bicarbonate < 15 mmol/L)
after the first 24 hours of therapy.

Antibiotic therapy was administered during hos-
pitalization to 21 (49%) patients in group A and 24
(55%) patients in group B (x*® analysis: P = NS)
for one of the following reasons: otitis media (11
patients in group A and 18 in group B); pneumonia
(four patients in group A and two in group B) and
suspected sepsis (five patients in group A and three
in group B). In addition, one patient in group A
and one in group B were treated with trimethoprim-
sulfamethoxazole when their stool cultures revealed
the presence of Shigella organism. Stool output,
however, had already decreased considerably in
both patients before they were given trimethoprim-
sulfamethoxazole.

Treatment Failures

Three (7%) of the patients in group A and seven
(16%) of the patients in group B were considered
to be “treatment failures” (this difference was not
statistically significant using Fisher’s exact analy-
sis).

The reasons for which patients were considered
to be treatment failures were as follows:

1. Three patients required unscheduled intrave-

TABLE 2. Intake of Fluids During Illness*
Group A Group B P Value||
(mL/kg) (mL/kg)
Oral rehydration solution (ORS) intake first 75+33 148 +98 <.001
24 h
Water intake first 24 h 22 +18 55 + 34
Full-strength soy formula intake first 24 h 90 + 32 . e
Total intake of fluids first 24 ht 17952 211+95 .306
ORS intake first 48 hi 241 £ 520 415+ 394 <.001
Water intake first 48 h ... 148 + 69 e
Full-strength soy formula intake first 48 h 211 + 59 - e
Total intake of fluids first 48 h 380 £ 103 500 + 211 .010
Total intake of ORS§ during illness 159 + 144 449 + 343 <.001
Total intake of water during illness . 174 £ 104 .
Total intake of full-strength soy formula 241 £ 158 236 + 297 .094
during illness
Total intake of half-strength soy formula 114 £ 76
during illness
Total intake of all fluids during illness 422 + 294 896 + 580 <.001

* Values are means + SE.

t Patients with severe dehydration were also given intravenous fluids during first four

hours.

1 Only patients requiring ORS after 24 hours of therapy included (24 patients in group A

and 28 in group B).

§ All patients were included regardless of length of illness.

|| Wilcoxon nonparametric test.
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TABLE 3. Stool Output, Duration of Diarrhea, and Weight Gain*

Group A Group B P Value
Stool output first 24 h (mL/kg) 45 + 25 78 + 90 .049%
Males 47 + 28 81 + 101 .240t
Females 36 + 23 70 + 59 .090%
Stool output first 48 h (mL/kg) 85 + 63 150 + 167 .018+
Males 94 + 73 153 + 189 .150%
Females 71 + 46 146 + 106 .045%
Total stool output during illness (mL/kg) 121 £129 299 + 319 .001t
Males 142 £ 156 294 + 355 .048t
Females 89 + 67 310 + 227 .009%
% weight gain§
24 h after therapy 1.8+ 3.6 24 +32 .559%
48 h after therapy 1.3+ 45 28 + 3.6 183%
At resolution of illness 3+4 1.9 +£43 219%
% weight gain| 2 wk after discharge 68+10.3 6.2+8.0 .807%
Duration of diarrhea 54 + 28 93 + 56 <.001t
Males 54 + 31 87+ 59 .020t
Females 55 + 24 105 + 48 006}

* Values are means + SD.
+ Wilcoxon nonparametric test.
¥t test.

§ Calculated by using the following formula: percent weight gain = (weight at specified
interval minus admission weight) divided by admission weight and multiplied by 100.

|| Calculated by using the following formula: percent weight gain = (weight 2 weeks after
discharge minus weight at resolution of illness) divided by weight at resolution of illness

multiplied by 100.

nous hydration. One patient in group A and one in
group B required intravenous therapy because of
continued high stool output (10.5 mL/kg/h and 12.6
mL/kg/h, respectively) by the third day of therapy.
One group B patient, while receiving soy-formula,
required intravenous therapy because of persistent
vomiting 88 hours after hospitalization.

2. Seven patients (two patients in group A and
five in group B) had continuous diarrhea for more
than seven days. Diarrhea resolved in three patients
(one patient in group A and two in group B) be-
tween the eighth and ninth day of therapy while
the patients were receiving the soy-based, lactose-
free formula. The other four patients who were
considered to be treatment failures were switched
to a hydrolysate formula (Pregestimil, Mead John-
son); in all patients, the diarrhea resolved within
two to four days.

None of the patients with prolonged diarrhea had
persistently low pH (<6) nor detectable levels of
reducing substances in stools. However, all patients
who successfully completed treatment and those
who were considered to be treatment failures due
to persistent vomiting or prolonged diarrhea had
occasional stools with a pH below 6 and low con-
centrations of reducing substances (0.25% to
0.50%).

DISCUSSION

Controversies about the role of feeding during
the acute phase of diarrheal illness have existed for
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the past six decades,” Park’ in 1924 and Chung
and Viscorova'' in 1948 argued that feeding should
be continued during the course of diarrheal illness,
because there is a net increase in absorption of
nutrients when feeding is introduced despite the
fact that stool output may increase. In recent years,
pediatricians have been concerned about the tran-
sient deficiencies of the disaccharidases, especially
of lactase, that frequently accompany acute diar-
rhea.’? This fact, coupled with the anecdotal obser-
vations that have suggested that stool output de-
creases when patients are starved during diarrheal
illness, has discouraged pediatricians from using
feeding in treatment of patients during the acute
phase of the illness. One of the reasons for these
conflicting opinions is the limited data available
from controlled studies comparing different forms
of feeding. The practice of withholding foods from
infants with each diarrheal illness may not impact
greatly on the nutritional status of well-nourished
children from affluent countries. However, this
practice could have a substantial negative impact
on growth development in undernourished infants
living in developing countries; such infants may
experience several episodes of diarrhea in 1 year.!*4

Our study indicates that introduction of a soy-
based, lactose-free formula during diarrheal illness
is not only safe but offers a distinct advantage over
the standard practice of starving patients. In group
A patients, who were given soy formula after the
initial four hours of rehydration, there was a reduc-
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tion in stool output of more than 50%, and the
duration of diarrhea was likewise reduced by more
than 40%. We were not able to detect any difference
in weight gain between the groups. This was prob-
ably because all of our patients were relatively well
nourished, and the nutritional injury to the patients
in the control group was minimal.

The improved outcome in the formula-fed group
was probably the result of enhanced absorption of
fluids, electrolytes, and nutrients from the gut.
This, in turn, may have resulted from the hydrolytic
products of protein (soy) and carbohydrates (corn
syrup solids and sucrose) contained in the formula.
These hydrolytic products, such as amino acids,
dipeptides, and tripeptides may have potentiated
the absorption of water and electrolytes from the
gut.

Recent studies have shown that adding glycine
to the standard WHO-ORS reduces stool output by
50% when this solution is administered to infants
with diarrhea.’® The same effect has also been noted
when rice powder is used instead of glucose in the
WHO-ORS." Corn syrup solids contain polymers
of glucose in the form of amylose and amylopectin,
which are hydrolyzed by pancreatic and salivary
amylase to smaller saccharides. These saccharides
and sucrose are effectively hydrolyzed by brush
border enzymes, sucrase, isomaltase, and gluco-
amylase. These hydrolyzed monosaccharides may
also play a role in enhancing absorption of sodium,
chloride, and water from the gut. This mechanism,
however, less likely explains the improved outcome
of formula-fed infants as maximal absorption of
water and sodium occurs when ORS contains 2%
to 3% glucose.’®* The WHO-ORS used in this study
has a glucose concentration of 2%. Finally, the
continued feeding of formula may also have pre-
vented the reduction of mucosal disaccharidase
levels which can occur with prolonged starvation.!”

Other studies from different areas of the world
have also found that it is safe to introduce soy-
based, lactose-free formulas during diarrheal ill-
ness. Leake et al'® compared the effect of introduc-
ing soy-based, lactose-free formula with the effect
of introducing lactose-based formula after a period
of fasting in patients with diarrhea. Of the group
given soy-based, lactose-free formula, 91% success-
fully completed therapy while only 36% of the group
given a lactose-containing formula successfully
completed therapy. However, Leake et al did not
standardize the initial period of fasting in their
patients.

In a study in Nigeria, Noah'® introduced either a
lactose-containing formula or a soy-based, lactose-
free formula to children after withholding food for
24 hours. No difference in duration of diarrhea was

observed between the groups. In developing coun-
tries, soy-based formula may either not be available
or may be too expensive. Under such circumstances,
the use of dilute cow’s milk and/or a variety of
locally available foods should be evaluated. Both in
the developed and developing countries, breast-
feeding infants should be encouraged to continue
drinking breast milk during diarrheal illness.

The present study confirms observations previ-
ously made by us® and by others? that infants with
diarrhea frequently required intravenous therapy
when their stool output exceeded 10 mL/kg of body
weight per hour. The study patient in group B who
had persistent vomiting along with the four patients
who were switched to a non-soy-based formula on
the eighth day of therapy all may have had an
intolerance to soy protein. Alternatively, if treat-
ment had been allowed to continue using the soy-
based, lactose-free formula, all may have resolved
their illnesses. We did not find either stool pH or
the presence of reducing substances in the stool
helpful in predicting the success or failure of ther-
apy.

We conclude that: (1) soy-based, lactose-free for-
mulas can be safely introduced during a diarrheal
illness, and, (2) the introduction of a soy-based,
lactose-free formula during diarrheal illness
shortens the duration of diarrhea and decreases
stool output considerably.
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ERRATA

In the article “Adolescents’ Self-Assessment of Compliance Behavior” by Litt
(Pediatrics 1985;75:693-696), there is an error in Table 4. The first two side
entries are reversed: “Compliant” should read “Noncompliant” and vice versa.

In the article, “Single-Dose Versus Conventional Therapy of Urinary Tract
Infections in Female Adolescents” by Fine and Jacobson (Pediatrics
1985;75:916-920), the last sentence of the first paragraph should read: Although
adolescents have been included in the study samples of many therapeutic trials,
their age-specific response to therapy has never been isolated, and no current
guidelines exist regarding single-dose treatment in the adolescent population.
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results indicate that more use of the scheme will be
made for infant seats than child seats. Once capital
costs have been funded the scheme is financially
self-supporting.

Our intention is to present these findings to the
government with a recommendation that the var-
ious other schemes in existence around New Zea-
land be expanded to cover the total newborn pop-
ulation.
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ERRATA

In the article, “Role of Soy-Based, Lactose-free Formula During Treatment
of Acute Diarrhea,” by Santosham et al. (Pediatrics 1985;76:292-298), Wyeth
Laboratories was acknowledged as having supported the study; they did not.

In the second paragraph of the right-hand column on p 309 of Dr St Geme’s
commentary (Pediatrics 1985;76:308-310), the fourth sentence should read: The
American Board of Pediatrics defines a pediatric specialist (not sub-specialist,
as originally printed) as one capable of “management . . . any medical and health
maintenance problems . . . all common problems of disease . . . for all medically

life-threatening situations.”
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