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Is dilution of cows’ milk formula necessary for
dietary management of acute diarrhoea in infants
aged less than 6 months?

F.CHEwW F.J.PEXXNA
M. C. LOPES

There is concern that feeding full-strength animal
milk to infants sged less than 6 months with
diarrhoea may have adverse consequences. We
assassed the effects on clinical course of two feeding
regimens in 159 Guatemalan and Brazilian infants
aged 2 weeks to 6 months who had had acute
diarrhosa for 120 h or less, showed signs of mild to
moderzte dehydretion, and had no complications.

Afiter correction of dehydration, infants were
assigned rendorly to receive continued full-strength
milk feeding or initial feeding with diluted mitk with
regrading to full-strength milk over 48 h, There were
no significant difierences between feeding groups in
rete of treatment failures (—1%, 25% ClI —14 to
12%) or mean (SD) total stool output (fuli-strength
milk 335 [268] g,'ka. diluted milk 338 [354] g/ka)
and durstion of diarthoea (22 [50] wvs 22 [44] h).
A significant essociation was found between
presence of reducing substances in stools and
treatment failure (OR 4-3, 85% Ci 1-1 to 16-8), but
reducing substances in stools were common both in
ireatment successes (61%) and in failures (87%).

QOur study supports the conclusion that, for infants
under 6 months of age with diarrhoea whose only
food ‘s animal milk or formula, the milk or formula
normelly given should be provided in full strength as
soon es dehydration has bzen corrected.

Lancet 1283; 341: 194-27.

Introduction

Comrect early feeding during diarrhoza can prevent
weight Joss with no increased risk of complications or
severity.?2 However, there has been concern that cerizin
foods, notably animal milk, may affect adversely the clinical
course of dizrthoza** This apprehension has been largely
relieved by studies showing that infants and children who
normally wzke solid foods can safely take full-strength milk
formuia during diarthoea, provided thatitis given with such
solid foods, usually cereals 532

For infants whose sole nutrient is animal milk or formula,
feeding during cdiarthoea has remained problematc.
Concem about the risks, in partcular Jactose intolerance,
associated with feeding such infants full-stength animal milk
or formu!a has led 10 recommendations that they be given
reduced amounts of milk, either by diluung their usual milk
formula and gradually regrading the intzke over several days
cr by temporanly replacing milk formula with special
lactose-Sree or milk-free formulae until diarrhoea stops. i34
These appreaches, are, however, unsuitzble for developing
countrizs, where diarrhoea is a major cause of early
childhood morzliny and an imporant conwibutor 1o
malnutstion. Reducing milk intake when it is the infant’s
only food carries a misk of weight loss and of deteriorztion in
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nutritional starus; it may also encourage mothers to continue
giving diluted milk afier diarthoea stops. In addition, special
formulae zre prohibidvely expensive, In  these
circumstances, the continued intake of full-strength animal
rmilk or formuwla would be highly advantageous for
nuingonal and economic reasons.

Two stadies in infanis aged Jess than 6 months** % cameto
the conclusion that routine diluton of milk formula had no
beneficial effect on the clinicel course of illness. However,
boih of these studies were conducied in the UK, where
diarrhoea is usually mild in infant under 6 months cid and
they are well fed,’” and the results cannot be assumed 10
apply also to infants in developing counties who are
freguendy undernournished and in whom diarrhoza is ofien
severe. We felt therefore that it was imporant 1o beter
define the risks associated with diludon of milk fermula in
developing counties. We present the resuls of a
collzaborative, randomisad feeding wial in milk-fed infanis
aged less than 6 months with diarthoea. Two dietary
regimens were compared: condnued full-stength milk
formula znd inidal feeding of diluted milk formula with
regrading to full swength over 48 h. A lactose-free or
milk-free formula was not studied because such formulee
are not affordable for most farnilies in the study populations.

Subjects and methods

The study was conducied at the Meizbolic Unidt of the Insstuio
de Nutricion de Cenwo Amenica v Panama INCAPY, Guzaienzla,
2nd a1 the Hospital dzs Clinizcas of the Universidade Federal de
Minas Gerzis, Belo Honzonte, Brzzil. The protocol was gpproved
by the ethics commitiess of both insttedons and of the World
Health Organizadon, Padzns edmined 1o the study were bovs agad
13 davs 10 6 moaths with acute diasthoza ‘defined 25 thres or more
watery siools in the previous 24 h), ne visible blood in the stool, and
no clinical signs of severe dehydradon. Only pzgents who had had
diz-Thoza for less than 120 h before consuliztion were enrolled.
Infants were excluded if they had severe maliutridon /weight for
2ge <60% of the Nauonal Centre for Health Swdsucs 50kh
percendle’™), were exclusively or moesdy breasi-fed ‘infans who
received most of their energy from breast milk), or had sysiemic
infecdons or other diseases requiring specific addidonal wezznents.
Informed consent was obrained from the parent or guardian of
every infant.

Patents who had clinical signis of dehyvdraton on admission were
rehydrated orally in 4 10 6 h with the siandzrd WHO UNICEF
glucose-based ora] rehyvdrazion salis {ORS soludon before the szt
of the study. Afier rehvdraton and undl dizrthoesa stopped, ORS
solution and plain weater were ofered according 1o WHO

ADDREESES: Instituto de Nutricion de Centro America vy
Penama {INCAP), Guatemala City. Guatemala (F. Chew, D,
C. Quean, D): Hospital das Clinices, Universidade Federal de
IMinas Gerais, Belo Horizonte, Srzzil (P10t F. ), Fenng, wD. L A
Ferei Fitho, D, M C Lopes. D, J A Woiwe,v.2); ConselhoNacional
de Desenvolvimento Cientifico e Teznologico., CNPq, Brezil
:Prol F J Pennz); and World Heghth Organization, Diarrhoeal
Disease Control Programme. 1211 Genevs-27, Switzerland (0.
Foniaine, D). Conespomdence 1o D1 D. Fonlaine,
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TABLE I-COMPOSITION OF THE FULL-STRENGTH COWS’ MILK
FORMULAE {PER 100 ML RECONSTITUTZED FORMULA)

- ! Erazil | Guatemala

Panen % 1€5 1-38
Fat [, 3N 339
Carbohydrate %) TR 6-80
Enerpy kI 280 260
Osmolasity ;mOsmol; 205 200
Energy from protein (%%} 98 890
Energy from fat (%) 457 492
Energy from sarhohvdrate 2, 342 2

recormmendators for maintenance therapy, Feeding was started as
soon as infants were considered to be fully rehvdrated. They were
then assigned randomly to one of two feeding regimens: full-
sweaph milk formula fgroup AY, or progressive reintroduction of
full-sength milk formula (hall-strength for the fisst 24 b,
two-thirds strengh for the second 24 h, and full-strength
thereafer) (group B). One randomisation Lst per cemwe was
established at WHO, Geneva, with random permuted blocks of
variable length (6 to 12 subjects per block). Individual padent
assigmments, corresponding 10 the master randomisation Ests, weze
then placed in sealed sezially numbered envelopes and sent to the
cenre. Milk formulae were prepared by a dietitian who was not
otherwise involved in clnical management of patents or collection
of clinizal data. The diSersnt formulae, which were similar in
appezznce, were administered through opaque feeding borles;
st and investigaiors did not know which formnula was being given.
The macronutsient compesitons of milk formulzs vsed by each
ceatre in the study 202 shown in tzble 3; both formulae conmined
appropriae amounts of vitamins and minerals. Infants were offered
150 mL kg per day of milk, divided into eight feadings of equal
volure.

For each infant, fzecal and urine outppur, velumes of ORS
solution, water, and milk consummed, the clinical evaluation, number
and chzmacteristcs of siools passed, 2nd the number of voming
eqisodes were recorded continuously and swmmarised for § h
pesiods from the beginning of the study uniil the cessation of
diar=hioea, or for a maximum of 5 days, or undl withdrawal from the
study. Body weight was recorded at the end of every 8 h. Patents
were regarded as weaTment failures when there was: recurrence of
clinical signs of dehyvdradon dursing mainienance oral rehvdration
therapy; or weight loss of more than 5% of admission body weight,
withour clinical signs of dehvdradon, susiained over two
consexurive 24 h pesiods; or a 50% increase in faecal weight for
consecutive 8 h periods when the faecal weight in the previous 8 h

TABLE I—CHARACTERISTICS OF PATIENTS ON ADMISSION
BY DIETARY GROLP

Full-sirength Diluted milk
Characterisic ritk (n=80) {n=75)
Age
Mean 'SD: months 3616, 36:2-0)
Number <3mo 23 19
Number >3m0 57 60
Mzan (SD] weipht (kg) 5113 50°1-3)
Mean {SD) weight for age
{z-scores) 145112 =-139.-1-14)

Iedian (IQR) duretion of diarthoea
before admission (h)
NMecian (IGR) stools p2ssed in

72 4610 82} 72 3010 96}

grevious 24 h B506351w0105y E0.50t0100;
No of patien:s who vomited in
previous 24 h 57 4
Hydraticn s:8tus on adm.ssion (ro)
Ne signs of dehvdration 54 53
Some dehvdratien 26 26
" Severe dehydomion 0 0
Feeding pattern on sdmission
(no [%)
Breast-feeding 338 22.30
Dilcted mi'k formula 1519 12 16
Sclds v 1013 10 3,

IR = riprgaar: ie ra~ge

was less than 50 g kg; or a 25%% increase in faecal weight over two
consecutive § h periods when the faccal weight in the previous § h
was more than 50 g kg. Trea=nent faslures wese removed from the
study and their feed was changed 10 a soya-based formula.

On admission, a stool sample was taken to identify rowvirus by
enzyme-linked immunosorbent assay {Dakopats A S, Glosiup,
Deamark). Reducing substances in the stool were tasted by
Clinitest ZAmes}'* on admnission and on every alternate stool. The
FH of every stool was measured with pH paper.

The study was designed 1o detect a 20% difference berween
treatment groups in total faecal curput. We calculated that 68
patiems per group would have to be enrolled in the study to show
this difference with a power of 50% and a significance of 5%.® This
clculaton was besed ca an investigation showing that the mean
(SDj total stool output of patents with diarrhoea in the study age
group was 284 (111} gkg (A. H. Madkour, personal
comrnunicatcn).

Statistical analvses were done with SPSS PC+ softwars.
A two-tailed Studeat’s £ test was done for compa-isons berween
measures. Continuous variatles with skewed dist-ibution were
normalised by log tansformation, and a wo-tziled 1 test was appiied
10 transformed dara.® Qualitative variables were compared with the
%2 test.

Results

From April, 1689, to June, 19¢1, 159 patenis were
earclled in the study—71 ar the Hospizal das Cliniczs and 88
at the Merabolic Unit of INCAP, 80 paiients were assigned
randomly 10 receive full-strength mik formula and 79 10
receive diluted milk formula. 143 padents were eligidie for
analysis: 2 patdents (1 in each reatnent group and 1 at each
centre) were excluded shortly after teatnent had begun
when informed consent was withdrawn, and 14 pacents (7
in each treatment group) were removad from the study
because of severe infection requiring andbiotic twearnen
(bronchopneurnonia [11], wurirary-tract infecgon [1),
measles [1], sepsis [1]). The characieriszics of the twa
weatment groups on admission to the study were
comparable (table 11), and the admission: characteristics of
patients who were withdrawn from analysis were similar 1o
those of patients who were included in the final analysis
(data not shown).

Of the 143 eligible patients, 115 were regarded as
treaument successes since they did not fulfil any of the

iteria for treabment failure defined above (table 113\ For
101 of those padents, diarrhoea stopped within the 5-day
study period; 14 padents {7 in each treaznent group; sdll
had diarrhoea after day 5. Of 10 of these patients sezn daily
after discharge, 9 ceased to have diarthoea within 5 days
without further medical intervention. 1 patent had
diarrhoea for more than 14 days; his diet was changad w0 a
lactose-free formula afier discharge and he was a'so teated
for an vrinary-tract irfecton. The other 4 patients were lost
to follow-up. 28 patients (20%) were considered to be
teatnent failures {table 1), The difference berween
treatment-failure rates in the two groups was not significant

TASLE 1II—CLINICAL OUTCOME AFTER REINTRODUCTION
OF MILK FEEDS

Full-sirength | Dii te2 matk
Clinica! cuicome mitk {n= §3) {n=79)

Trealment successes

Diarthoea stepped within 5 days 51.71, N 5.

Diasthoea continued beyvend day 5 710, T 16
Treatment failures

Recurrent dehydration® 6 &. 69

Increased stool euput? | 8- 5 1,

Number of patents {%; ae shown
“Treatec weh riravenoJs flurds, ttreatec by change n s et



196 THE LANCET

VOL 341: JAN 23, 1993

TABLE W—MEAN {SD) CLINICAL FEATURES OF PATIENTS
AFTER REINTRODUCTION OF MILK FEEDS UNTIL CESSATION OF
DIARRHOEA OR DISCHARGE FROM STUDY

IFull-suen;nh Diluted
matk milk
— {n=72) {(n=71) —_—

Stoo!l otput at 24 h £ kg) 08 -65) T7455) 130918
Toua! stool cutput ‘g kg) 335 (268) 338¢354) 1108, 15,
Tota! stodls passed 36122} 3026) {-3(-11,5¢
Tow! ORS intake ;mL kg) 2382125 227291 1-107,17*
Tozal milk formula intzke .

*] ko) 1318:000) 1351/971) | -8 (—83;567%
Diathora durason th) 02 :50) 03 (4 100:7,1.3*
Weight pain at discharpe (%) 04T 034431 10 .06,1-7.*

None of the comparisons between treatment groups was s:atistically significant.
*Rauo of population (penmetric) means (5% Cl caiculated on trans‘ormed date end
then rezanverieC 10 the norma! scale).

*Di¥erence between arnthmet means (5% CI).

(—1%,95% CI — 1410 12%). After inclusion as treatment
failures of the 14 padents who were removed from the study
because of severe infecton, there was no difference benween
treatnent-failure rates {—0-3%, 95% CI —14% 10 13%).

Dazta collecied for all 143 panents, up to the ame of their
withdrawal from the study or their discharge from the
hospital on day 3, were included in the finel analysis {:able
V). There were no significant differences bemween
TeaTment groups in the main outcome variables, including
toal stool output. However, mean (SD) energy
consumpaon during the first 24 h was significaniy hicher in
the group that received full-swrength milk formula (310
[130] ©s 172 [67] k] kg; p<0-05). Duradon of diarthoez,
zking into account only padenis whose diarrhoea stopped
within the 5-day study period, did not differ berween
weztment groups. Weight gain was similar in infants
successfully treated with either diluted or full-strength mulk
formula. However, among trezoment failures, weight gain
was bertter for the group given full-strength milk (2-2% <
=2:3%).

S1o0l reducing subsiances were measured for 74 patients,
of whom 23 were wezmmernt failures. There was no
significant associadon berwesn presence of reducing
substances in stools and treatment group. On the cther
hand, a significant association was found berween presence
of reducing substances in the stools and treatment failures
{OR 43, 95% CI 11 to 16-8). However, reducing
substances in the stools were common both in treatnent
successes (61%) and in failures (87%0).

133 of the 143 eligible patdents were tested for rotavirus,
which was isolated from 47 (35%%). There was no association
benween presence of rotevirus and weamwnent falure
‘OR0-8,95% C10-3102-0} or between presence of rotavirus
and lactose intolerance (defined as stool reducing substances
>05%)(OR 2:7,95% CI1 0910 7:7).

Discussion

Diluton of mikk formula during diarchoea has been
advoczted to reduce the risk of clinically significant milk
intolerance {laciose intolerance) in infants. Our study, the
first conducted in developing countries and which included
patents with severe diarrhosa 2and a significant proportion
who were melnourished “38% of the padents had a
weicht 'age z-score below — 1-5%, show's that routine dilution
of milk formula has no beneficial effect on the clinical course
of illness and does not reduce the risk of reagment failure, In
fact, 10wl swool curpur, wotal number of stocls passed,
duration of diarthoces, and tot] intake of ORS solution,

water, and milk formula were similar in the two treatment
groups. In addition, routine diluton of milk formula
provided less cnergy and thus may contnibute 10
malnutrition, as suggested by our data.

The rate of treaument failures (20%) eading to a change of
diet is higher in our study than is usuzlly reported for
hospitalised infants with acute diarrhoea (5-10%).% This
finding is probably a result of the sensitve definition of
teatument failure that we used. Usually, only patients who
cannot be rehydrated orzily because of recurrent
dehydration are regarded as wrearment failures. If this
definidon had been applied, the rate of weatmnent failure
would hzve been 2bout 8% (12 treatment failures from 143
patients), which is well within the usual range reported for
this age group. In additon, in our study the rate of treztment
failures leading to a change of diet {20%, is only half of that
reporied by a UK study {42%).!® We believe that this is
hecause we used only clinical indices to define treztment
failure (ie, reappearance of signs of dehydrzton at any dme
efier admission, and increased siocl vohime during
weaonent), whereas treaonent fzilure in the Brigsh study
was defined as connnuing dizrrhoea with the presence of 05
t0 2% reducing substances i st00ls.

Although we found that treatment failures occurred
almost endrely among infanis with faecal reducing
substances, suggesting a role for Jactose intolerance, it
should be noted that 60% of the infznts who had reducing
substances in their stools were not reztnent failu-es, even
with the sensigve clinical cteria used in the stady. This
Snding confirms other observations suggesting that
presence of reducing substances in stools is not sufficient as
a1 indicaror of clinicelly imporant lactase deficiency.?*=*
Daspite the high incidence of rotavirus infection (35%), we
did not find any association berween rotavirus infecton and
presence of reducing subsiances in siools, a2s has been
reported by others.*

Qur findings support the conclusion that for irfants aged
under 6 months with diarthoea whose only foad is animal or
formula milk, the milk or formula normally given should be
provided in full sirength as soon 2s any dehvdraton has been
corrected; routine diludon of milk formula for such infants
dos=s not reduce the risk of wreatment failure. However, the
study does not provide arny information on how to manage
the minority of children who are regarded as treamment
fajlures. The zssociadon of treatment failure with faecal
reducing substances supports eforts to reduce dietary
lactose, but this should not be at the expense of adequate
numient inwzke. At Jeast two approaches are possible:
replacing mulk temporanly with voghurt where this is
available and culrurzily accepizble, or replacing milk
formula temporarily with a lactose-free formula. Although
efiective, the latter approach is obviously 100 costly for many
iamilies in the develeping world.
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Programme -CDD) of the Worid Health Orgenisation. We thank Ms
M. M. M. Cadente, Ms AL M. F. Maderia, Ms L. C. A=mond, Ms 1. M. A,
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conduning the study, We 2lso thank Dr N. Pierze, Dr J. Tulloch, Dr 1. de
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Cysticercosis as a major cause of epilepsy in Peru

H. H. GARCIA R. GILMAN

M. MARTINEZ

V. C. W, TSANG

]J.B.PiLcHER G.HERRERA F.Di1az M.ALvARADO E. MIRANDA
AND THE CYSTICERCOSIS WORKING GROUP IN PERU (CWG)

In countries where cysticercosis is endemic, the
proportion of epilepsy due to cysticercosis is not well
documented. To investigate the association between
cysticercosis and epilepsy, we used the enzyme-
linked immunoelectrotransfer blot (EITB) assay
to detect serum antibodies to Taenia solium in
438 consecutive outpatients at a neurclogy clinic

in Lima, Peru. Every patient was classified
as epileptic (n=189) or non-epileptic
(n=308) safter neurological, and where

possible electroencephalographic, examination. A
substantially higher proportion of epileptic than
non-epileptic patients was seropositive in the EITB
(22 [12%] vs 8 [3%), p<0-001). 19% of epileptic
patients born outside Lima, 20% of those with
late-onset epilepsy, and 25% of patients with both
these characteristics were seropositive. Thus, in Peru,
cysticercosis is an important aetiological factor for
epilepsy.

Lancet 1883; 341:157-200.

Introduction

Neurocystcercosis is comumon in  rural areas of
developing countries where free-ranging pigs are raised.!?
Clinically, the disorder can include many neurological
symptoms, but epilepsy is the most common.?® Rural areas
of developing counisies have higher rates of epilepsy®” and
of Taoma solium infecton® than do urban areas and
developed counties. Neurocysticercosis resulting from the

higher 7 soliion infection rate may coniribute to higher rates
of epilepsy in these areas.?

The propordon of epilepsy cases associated with
neurocysucercosis has not been well documented.
Serological tests used 10 measure the prevalence of
cysucercosis in epileptc populaticns were not highly
sensitive or specific.’®?? However, the enzyme-linked
immunoelectrotransfer blot (EITB) assay?®¥? is 98%
sensidve and 100% specific and can accurately diagnose
T solium infection. We used the EITB assay 1o define the
relaton berween epilepsy and cystcercosis in individuals
attending a neurology outpatient clinic in Lima, Peru.

Patients and methods

The Insdruto Nzcional de Ciencias Neurologicas is the
neurological reference centre for Peru and mainly serves the lower
and middle class sectors of the populadon. New patients are
randomly assigned to one of six neurology outpatent clinics for
evaJuation. All new patients atitending one such clinic {consultorio
no 2) benween April, 1990, and June, 1991, were enrolled in this
study afier they had given informed conseat. The study was
approved by the ethical review beards of the Universidad Peruana
Cayetano Heredia and the Johns Hopkins University.

ADDRESSES: Universidad Peruana Cayetano Heredia, Lima,
Peru (H. H Garcia, MD, R. Gilman, MD, G. Herrera, MD, F Diaz, D, E.
Miranda, MS}; Johns Hopkins University, Baltimore, Maryland,
USA (K. Gilman); Instituto Nacional de Ciencias Neuroldgicas,
Lima (M. Maninez, vD. M. Alvarado, MC); Parasitic Diseases
Branch, National Center for Infectious Diseases, Centers for
Disease Control, Atlanta, Georgia, USA{V.C W Tsang. PrD,J B
Pitlcher, MS) Correspendence io Dr V. C W Tsang. Centers for Disease
Contra! and Prevention, Building 23, Room 103, Mail S1op F-13. 4770
Buford Highway NE. Atlanta, Georgiz 30341.3724, USA.




