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Human milk in the management of protracted
diarrhoea of infancy
P I MACFARLANE AND V MILLER

Booth Hall Children's Hospital, Manchester

SUMMARY Eleven of 13 children with the protracted diarrhoea syndrome of infancy were
successfully treated with human milk. All the infants, who were severely malnourished, had
deteriorated while fed on a wide range of highly modified formulas. Seven infants responded
promptly with cessation of weight loss and diarrhoea; in four others, human milk was used to
re-establish oral nutrition after a period of intravenous nutrition when all other measures had
failed. Two children did not respond to human milk. Despite its high lactose content, human milk
has nutritional and immunological properties that may reverse many of the factors thought to
cause the protracted diarrhoea syndrome, and we conclude that it has an important role in
management of this syndrome and may obviate the need for intravenous nutrition as a life saving
measure.

Protracted diarrhoea syndrome of infancy, which
may occur during the first year of life, is an unusual
but life threatening illness that presents a diagnostic
and therapeutic challenge. Persistent diarrhoea re-
fractory to standard treatment results in severe
malnutrition. The differential diagnosis has been
reviewed elsewhere. 1-4 Malnutrition requires urgent
empirical treatment while investigations are being
undertaken and specific diagnosis, if made at all, is
usually retrospective. The associated malnutrition
may produce secondary factors which aggravate the
diarrhoea. The uncertain patho enesis of the di-
arrhoea and its secondary effects 3 5 have resulted
in a variety of treatments being recommended,
including disaccharide or carbohydrate free formu-
las, milks based on protein other than cows' milk
protein,3 elemental or prediested formulas,6 7
broad spectrum oral antibiotics, 8 cholestyramine,8
antisecretory agents,9 corticosteroids,2 3 oral di-
sodium chromoglycate, colostomy,2-4 and adminis-
tration of lactobacilli.2 4 As none of these measures
have been consistently successful, even when tried
in combination, prolonged intravenous nutrition is
frequently necessary.

Although high in lactose, human milk has many
characteristics that may be beneficial to these
infants. We report our experience using donor
human milk in the management of patients with this
syndrome.

Patients and methods

The patients were referred to this hospital during
the five year period 1978-83. Those infants who had
undergone surgery or had intestinal anatomical
anomalies were excluded, as were those with cystic
fibrosis or coeliac disease. Investigations were indi-
vidually selected but followed broadly the scheme
outlined by other workers.'"3 Eleven patients who
met the criteria for diagnosing severe protracted
diarrhoea and who were successfully treated with
human milk, were reviewed retrospectively. During
this period, two other children did not respond to
human milk and required prolonged intravenous
nutrition. Human milk, which was supplied by the
hospital's breast milk bank, was used fresh or after
pasteurisation by the Holder method (63°C for 30
minutes in a Scott-Western model SW70 Automatic
Human Milk Pasteurizer). All infants had received
therapeutic trials in hospital of various modified
formulas before being given human milk. The mean
age of presentation with diarrhoea was 2 months
(range 7 days to 4 months), and diarrhoea had been
present for between one and 14 months (mean 3-5
months) before human milk was tried. Referral to
this unit was frequently made because of an antici-
pated need for intravenous nutrition. There were 7
boys and four girls. One child (case 5) was the
product of a consanguinous marriage. The relevant
clinical data is shown in Tables 1 and 2.
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Table 2 Weight before starting human milk in 11 children
with protracted diarrhoea syndrome ofinfancy

Case no Weight (kg) Standard deviation score

1 41 -3-7
2 5-15 -2.4
3 6-6 -2-8
4 3-4 -3-0
5* 7-8 -3 0
6 4-2 -3-9
7 3-65 -3-9
8 3-6 -4-0
9 3-45 -3-8
lo* 4-6 -1*9
11 4-9 -4-1

* Oedematous. Patients 5, 6, and 10 are Asian, the remainder Caucasian.

Six infants had an infective agent (five viral, one
bacterial) isolated from their stools at the onset of
diarrhoea. Two patients had more than one
pathogen present. Serum immunoglobulins were

normal in most instances. One patient (case 2) had
transient IgA deficiency, and IgE radioallergosor-
bent testing (Pharmacia Diagnostics) provided sero-
logical evidence of cows' milk protein sensitivity in
four infants. Three had evidence of sensitivity to
more than one food substance. Jejunal biopsy was
performed in 6 infants and showed partial villus
atrophy in two.

Stool sugar chromatography confirmed disacchar-
ide or monosaccharide intolerance, or both in all
infants at some stage in their illness. Other drug
treatments given concurrently are outlined in
Table 1.

Results

The mean duration of diarrhoea until introduction
of human milk was 3-5 months (range 1 month to 14
months), during which time a variety of dietary and

Figure (a) and (b) Patient in case 7 showing malnutrition at presentation (a) and four months after
starting human milk (b). (He has an 'allergic' skin rash).
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other treatments had been attempted. In all in-
stances, diarrhoea resolved and weight loss stopped
within 7 days of introducing human milk feeds.

Infants were considered to have 'failed' on a
modified formula if there was no reduction in stool
volume and frequency, and no cessation of weight
loss. The usual sequence of formula changes
was glucose/saline-*lactose free milk--soya based
lactose free milk-*Pregestimil (Mead Johnson)--
Comminuted Chicken Meat Formula (Cow and
Gate)-Vivonex (Eaton Laboratories) or another
elemental amino acid/peptide based formula. Details
of the formula changes for each infant are included
in Table 1.

Continued weight loss was expected while the
infant was receiving glucose/saline or a dilute
formula containing inadequate calories. All children
failed to improve on a lactose free formula. All 9
children tried on regimens including soya based
formula and all 8 tried on feeds including Pregesti-
mil, failed to improve. Five infants (cases 1, 2, 3, 4,
and 6) were then fed donor human milk. In three
patients (cases 1, 4, and 6) this was considered a
final attempt at oral nutrition before instituting total
parenteral nutrition, because of their advanced state
of malnutrition. In all five patients there was an
impressive improvement in stool consistency, re-
duced stool frequency, cessation of weight loss, and
modest weight gain within 7 days of receiving human
milk. A further two children (cases 8 and 9) had
received and failed to improve on diets including
chicken based formula.3 Human milk produced
similar success in these, obviating the need for
parenteral nutrition.
The remaining four children (cases 5, 7, 10, and

11) required total intravenous nutrition during their
illness. None had received human milk before their
first course of intravenous nutrition. In these infants
the indication for total intravenous nutrition was
failure to repond to a wide variety of formulas
including comminuted chicken meat (cases 5 and 10)
and an amino acid based formula (Vivonex or
Albumaid, Scientific Hospital Supplies) (cases 7 and
11). In these four children human milk was used as
the first oral feed after a period of total bowel rest
and was successful in all cases in achieving oral
nutrition and serving as a basis for subsequent
introduction of other foods. All four patients
required more than one period of intravenous
nutrition because of subsequent relapse caused by
intercurrent enteric infection or an allergic enteric
reaction to other food substances.Reintroduction of
human milk at the end of a period of total
intravenous nutrition was always accepted. The
Figure shows the patient in case 7 before and after
treatment.

Eight children are now on normal diets and have
normal growth at a mean follow up age of 2-3 years
(range 6 months to 5 years). Three (cases 5, 10, and
11) are still on various restricted diets-in the first,
growth remains static, but the second is growing
normally, and the third child is showing catch up
growth.

Discussion

The management of infants with protracted di-
arrhoea syndrome is complex and demanding. By
necessity, our report of treatment using human milk
is uncontrolled. We have been impressed by the
ability of human milk to reverse consistently the
cycle of diarrhoea and malnutrition where other
treatments have failed. Sunshine'0 outlined some of
the benefits of human milk in the management of
short gut syndrome and non-specific enterocolitis.
In 7 of our patients, children who had failed on a
wide variety of recommended specialised formulas,
human milk succeeded in avoiding the need for
intravenous nutrition. In another four it enabled the
re-establishment of oral nutrition after a period of
intravenous nutrition following failure to improve
during trials of various formulas. All of our patients
had shown evidence of either monosaccharide or
disaccharide intolerance at some stage before re-
ceiving human milk but, paradoxically, the high
lactose content of human milk was well tolerated.
Human milk was introduced gradually over two to
three days, during which time stool consistency
improved as full strength milk was taken. Older
infants who seemed to dislike the taste of the donor
human milk accepted it when sweetened with
saccharine. Tube feeding or intravenous fluid sup-
port was occasionally required. Stools became more
acidic after human milk and contained oligosacchar-
ides when analysed by stool chromatography. This is
a normal finding,11 not to be misinterpreted as
indicating carbohydrate intolerance.
As the sole caloric source, human milk, and

especially banked human milk, which is extremely
variable in its caloric content, may not be adequate
for catch up growth. Analysis of this hospital's
banked human milk showed, on average, a caloric
content of 51*3 kcal/100 ml with wide variability
(range 34-5 to 63-1 kcal/100 ml) (L Smith in
preparation). Having achieved initial control and
modest weight gain on human milk, some infants
received human milk supplemented with medium
chain triglyceride oil and glucose polymer powder to
achieve catch up growth before introducing other
foods.

The mechanisms thought to be responsible for
perpetuating the cycle of diarrhoea, malabsorption,
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and malnutrition are multiple and complex. 1-3 It has
been suggested that an initial enteric infection in a
susceptible individual may cause functional or
structural intestinal mucosal damage that may result
in absorption of food protein macromolecules,
subsequent sensitisation, and an allergic entero-
pathy. Bacterial contamination of the upper small
bowel with anaerobes, Escherichia coli, and other
bacteria seems to be common in this syndrome,5 and
increased adhesion of E coli to mucosal cells has
recently been shown.28 Bacterial contamination is
associated with monosaccharide malabsorption,12
probably mediated by the action of deconjugated
bile acids whose products are capable of inducing
mucosal damage and inhibiting mucosal (Na+-K+)
adenosine triphosphatase activity.29 Unabsorbed
carbohydrates have a further osmotic diarrhoeal
effect. Malnutrition ensues, and may itself cause
mucosal damage'3 and pancreatitic insufficiency.14
These mechanisms were not investigated in detail in
our patients, and the relative importance of each in
the pathogenesis of severe protracted diarrhoea
syndrome has not been established.
The importance of food protein sensitivity in this

condition has been emphasised by others." It is of
note that 6 children in our series had an identified
enteric infection at the start of their illness and four
had radioallergosorbent test evidence of food sensi-
tivity, though many more showed clinical evidence
of this. One child had transient IgA deficiency that
may have been a predisposing factor to antigen
absorption. Although normal jejunal histology was
found in most biopsies (4 of 6) it is recognised that
histological lesions may be patchy or absent in this
syndrome.15 16

Human milk has many desirable properties which
are not present in modified formulas and which may
be of benefit in reversing some of these mechanisms.
In contrast to elemental feeds, human milk is of low
osmolality and hence does not exacerbate or precipi-
tate osmotic diarrhoea.
The importance of food protein sensitivity in the

perpetuation of this condition has already been
emphasised. Human milk is hypoallergic, is rich in
secretory IgA, which confers passive mucosal pro-
tection against antigens and bacterial organisms,17
and also contains substances that may hasten 'gut
closure'.'8 19
Human milk contains a complex array of humoral

and cellular elements that have potent immunologi-
cal and anti-infective properties against bacteria
known to contaminate the upper small bowel of
these children.20 21 These elements include lacto-
ferrin; transferrin; lactoperoxidase; immunoglo-
bulins A, G, and M; lyzozomes; complement; T and
B lymphocytes; and macrophages.20 In particular,

secretory IgA play an important role in preventing
bacterial adhesion to small bowel mucosal cells.21

Absorption of human milk lipid is more efficient
than that of cows' milk because of its fatty acid
composition and because of the presence of inherent
lipolytic activity.22 Furthermore, iron, calcium, and
zinc are better absorbed.22
Human milk contains a recently recognised heat

stable growth promoting factor23 that may encour-
age repair of damaged intestinal mucosa. Finally,
banked human milk is readily available to most
children's hospitals within reach of a maternity/
neonatal unit and is much cheaper than elemental or
modified formulas.

In the treatment of protracted diarrhoea syn-
drome in infancy there are a number of conceivable
disadvantages of human milk. The high lactose load
might be considered deleterious for a condition
known to be associated with secondary lactose
intolerance. This, however, did not emerge as a
problem in our patients, although some infants
showed evidence of continuing carbohydrate in-
tolerance after human milk had been stopped. It
may be possible to pretreat human milk with
exogenous lactase,24 but this has not been investi-
gated extensively and in our experience has not been
necessary.

It is known that maternally ingested food protein
may be excreted in breast milk and it is possible that
antigens may be allergenic to the gut of these
infants.25

Freezing and pasteurising human milk removes
some of its beneficial qualities.20 26 Cellular ele-
ments are largely destroyed27 or adhere to glass, but
IgA, lyzozomes, vitamin binding capacity, Lactoba-
cillus bifidus growth factor, and antiviral properties
are largely retained. Until the relative importance of
each factor has been investigated it would seem
safer to recommend that infants with severe pro-
tracted diarrhoea syndrome should be fed fresh
human milk provided it can be shown to be
bacteriologically safe.

In spite of these theoretical disadvantages, prac-
tical experience suggests they are not clinically
significant.

The authors thank Miss Tonie Green for her assistance in preparing
the manuscript, the nursing staff, and the staff of Booth Hall Breast
Milk Bank.

References

l Sunshine P, Sinatra FR, Mitchell CH. Intractable diarrhoea of
infancy. Clin Gastroenterol 1977;6:445-61.

2 Avery GB, Villavicencio 0, Lilly JR, Randolph JG. Intractable
diarrhoea in early infancy. Pediatrics 1968;41:712-22.
Larcher F, Shepherd R, Francis DE, Harries JT. Protracted
diarrhoea in infancy. Arch Dis Child 1977;52:597-605.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.59.3.260 on 1 M

arch 1984. D
ow

nloaded from
 

http://adc.bmj.com/


Human milk in the management ofprotracted diarrhoea of infancy 265

4Hyman CJ, Reiter J, Rodnan J, Drash AL. Parenteral and oral
alimentation in the treatment of non-specific protracted di-
arrhoea syndrome of infancy. J Pediatr 1971;78:17-29.

5Challacombe DN, Richardson JM, Rowe B, Anderson CM.
Bacterial microflora of the upper gastrointestinal tract in infants
with protracted diarrhoea. Arch Dis Child 1977;49:270-7.

6 Weizman Z, Schmueli A, Deckelbaum RJ. Continuous nasogas-
tric drip elemental feeding. Am J Dis Child 1983;137:253-5.

7Sherman JO, Hamly C, Khachadurian AK. Use of oral
elemental diet in infants with severe intractable diarrhoea.
J Pediatr 1975;86:518-23.

8Candy DCA, Larcher VF, Cameron DJS, et al. Lethal familial
protracted diarrhoea. Arch Dis Child 1981;56:15-23.

9 Sandhu BK, Tripp JH, Milla PJ, Harries JT. Loperamide in
severe protracted diarrhoea. Arch Dis Child 1983;58:39-43.

10 Sunshine P. Use of human milk in the treatment of patients with
intractable diarrhoea of infancy and the short gut syndrome. In:
Freier S, Eidelman Al, eds. Human milk, its biological and
social value. Selected papers from the International Symposium
on breast feeding, Tel-Aviv, 1980. International Congress Series
518. Amsterdam: Excerpta Medica, 1980:214-7.

1 Whyte RK, Homer R, Pennock CA. Faecal excretion of
oligosaccharides and other carbohydrates in normal neonates.
Arch Dis Child 1978;53:913-5.

12 Gracey M, Burke V, Anderson CM. Association of monosac-
charide malabsorption with abnormal small intestinal flora.
Lancet 1969;ii:384-5.

13 Stanfield JP, Hutt MS, Turncliffe R. Intestinal biopsy in
kwashiorkor. Lancet 1965 ;ii:519-23.

14 Green HL, McCabe DR, Merenstein GB. Protracted diarrhoea
and malnutrition in infancy: changes in intestinal morphology
and disaccharidase activity during treatment with total in-
travenous nutrition or elemental diet. J Pediatr 1975;87:695-704.

15 Shwachman H, Lloyd-Still JD, Khaw J, Antonowicz I. Pro-
tracted diarrhoea of infancy treated by intravenous alimenta-
tion. Am J Dis Child 1973;125:365-8.

16 Manuel PD, Walker-Smith JA, France NE. Patchy enteropathy
in childhood. Gut 1978;20:211-5.

17 Walker WA, Isselbacher KJ. Intestinal antibodies. N Engl J
Med 1977;297:767-73.

18 Halliday R. The effect of steroid hormones on the absorption of
antibody by the young rat. J Endocrinol 1959;18:56-66.

19 Gray GM, Cooper HL. Protein digestion and absorption.
Gastroenterology 1971 ;61:535.

20 Welsh JK, May JT. Anti-infective properties of breast milk.
J Pediatr 1979;94:1-9.

21 Pittard WB. Breast milk immunology. Am J Dis Child
1979;133:83-7.

22 Nutrition committee of the Canadian Paediatric Society and the
committee on nutrition of the American Academy of Pediatrics.
Breast feeding. Pediatrics 1978;62:591-601.

23 Tapper D, Klagsbrun M, Neuman J. The identification and
clinical implications of human breast milk mitogen. J Pediatr
Surg 1979;14:803-8.

24 Clayton BE, Arthur AB, Francis DEM. Early dietary manage-
ment of sugar intolerance in infancy. Br Med J 1966;ii:679-82.

25 Gerrard JW. Adverse reactions to foods in breast fed babies. In:
Freier S, Eidelman At, eds. Human milk, its biological and
social value. Selected papers from the International Symposium
on breast feeding, Tel Aviv, 1980. International Congress Series
518. Amsterdam: Excerpta Medica, 1980:170-5.

26 Ford JE, Law BA, Marshall VME, Reiter B. Influence of the
heat treatment of human milk on some of its protective
constituents. J Pediatr 1977;90:29-35.

27 Liebhaber M, Lewiston NJ, Asquith MT, Olds-Arroyo L,
Sunshine P. Alterations of lymphocytes and of antibody content
of human milk after processing. J Pediatr 1977;9:897-900.

28 Candy DCA, Leung TSM, Marshall WC, Harries JT. Increased
adhesion of Escherischia coli to mucosal cells from infants with
protracted diarrhoea; a possible factor in the pathogenesis of
bacterial overgrowth and diarrhoea. Gut 1983;24:538-41.

29 Harries JT, Sladen GE. The effect of different bile salts on the
absorption of fluid, electrolytes and monosaccharides in the
small intestine of the rat in vivo. Gut 1972;13:596-603.

Correspondence to Dr V Miller, Booth Hall Children's Hospital,
Charlestown Road, Blackley, Manchester M9 2AA.

Received 28 December 1983

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.59.3.260 on 1 M

arch 1984. D
ow

nloaded from
 

http://adc.bmj.com/

