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Summary
In longitudinal studies of infectious diseases and
nutrition in Bangladesh, we determined the degree of
beacterial contamination of traditional ing foods
and evaluated the role of these foods in the transmis-
sion of diarrhoeal discases. 41% of sampies of food
1ems fed to weaning aged children contained E'scher-
whia coli; these orgunisms were used as indicators of
facal contamination. Milk and foods prepared parti-
cularly for infants were more frequently and heavi
contaminated with E. cols than was boiled rice, and
colt levels were found to be related to the storage of
cooked foods at high environmenta] temperatures.
50% of drinking water specimens also comtained E.
.ot but colony counts were a%mmmxdy 10-fold
+ than in ¥ood specimens e proportion of a
v food samples that contined coli was
‘nicantly related to the child's annual incidence of
dsarrhoca associated with enterotoxigenic E. coli. This
observation underscares the importance of seeking
locally availabie foods that are hygienic as well as
nutritious to supplement the diets of breastfeeding
chuldren in developing countries.

Iatroduction

Growth retardation and malnutrition are common
problems among children in developing countries
(MATA, 1978, BROWN e al., in press). Studies in
several areas of the world have demonstrated that the
impared growth rates of children in these countries
can be peartly explained by the high prevalence of
diarrhoea! diseases (MARTORELL e1 al., 1975; Row.
LLAND ¢ al., 1977). Since standards of personal
hygiene and public sanitstion are low in many
communities in developing countries, contamination
of infant foods with pat iC MICTO-Organisms may
be an important source of infectious diacthoea (GOR-
DON et al., 1963; BROWN, 1978). This diarrhoea could
impair the gmwrh of infants and young children.
Indeed, bacterial contamination of weaning foods has
been obscrvcd in studies in one pre-industrial setting
in rural West Africa (ROWLAND e al., 1978; BARr.
RELL & ROWLAND, 1979). However, a nhnonslu
between the contaminstion of infant food and the ri
of diarrhoea has not been demonstrated.

In most traditional communities in the developing
world, bresstfeeding is practiced almost universally.
Because of the considerations noted above, some

wor(cn have ted delsying the introduction of
? as long as possible (ANON.,

Ho\vcver, in studies in Baagladesh, we found

tlm the intake of breast milk alone was insdequate to
satisfy the nutrient requirements recommended by
the Food and Agriculture Organization and the World
Heslth Oranizarion (BROWN et al., in press; WORILD
HEALTH ORGANIZATION, 1973). Indeed, the growth
rate of infants was already faltering compated with an
international reference population before the children
were six months old (BROWN ez al., in press; National
Centre for Health Statistics, l977) In those studies,
we monitored morbidity from infectious diseases
during alternate-dsy surveillance in two rural villages
in Bangladesh, as well as the dictary intakes and
growth patterns of infants and pre school-aged

children (BROWN e al., in press; BROWN et al., in

; BLACK & al., 1982s; BLACK @ al., l982b).
smdna the ity 10 measure

the degree of contamination of traditional

wun.n.foodsmdtodetummufthouefoodscould
be directly nnphated in the transmission of di-

hom.dm

The study was conducted in two villages in the
Matlsb field research area of the International Centre
for Diarrhoesl Diseases Research, Bangladesh

{formerly the Cholera Research Labotstory).
ﬁddmumthelowlmddmcplunol&ng
ladesh, 45 km south-east of the capital, Dacca.
Longitudinal studics were initisted in March 1978;
pmnous shavedacnbedthenudypopuhnon
ures and have reporied the patterns of
morb)dlty.phymlpmhmddmrymukeoﬁhe
village children (BROWN ¢t al., in press; BROWN e
al., 1n press; BLACK ot al., l982a BLACK e al.,

1982b)

Of!hel97dnldrenmthc itudinal studies, 8
subgroup of 70 children, five to 18 months old at the
beganning of the study, was selected for asscssment of
dietary intake. For each child, studies of dietary
mukemxhedubdmmhlyondaynhntheduld
had no serious iliness. All foods
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The age at introduction and parterns of consump-
non of weaning foods have been described (BROWN ez
al., 1 pyess). Brefly, the weaning process in these
viliages csn be described as a gradual reduction in the
amount of breast wnitk received, from 632 g/day in
children five to 11 months to 368 g/day in children 24
to 30 momuths, o iater reduction in the proportion of
chuldrer: reciving breast mulk, and a concurrent
graduai introduction of greater amounts and types of
supplemeniary foods. Children were almost universal-
ly breastfed up to and beyond 24 months of age, and
weaning foods were introduced relatively late and in
scaniv amounts. Cereals, sugar, fruits, roots, tubers
and dairv products were the foods introducted
caruest, and they provided most of the nutrients not
received from breast milk. Cereals, most commoniy
rice, were sometimes prepared with sugar and cow’s
milk or water to form a liquid porridge especially for
chiidren; however, most weaning foods were selected
fromr items of the adults’ diets.

Mcals were prepared in kitchens attached to the
house and cooked on clay stoves fuelled by wood,
straw or cow dung. Food was cooked and stored in
clay cr metal pots. To determine the ambient
tenibverdtiive at which foods were prepared and stored,
a thermemeter was left in the kitchen during the day
of e cietury study und the temperature was recorded
by the dietician a2 6 a.m. and 12 noon and by the field
worker at € p.n. during the day of a dietary study.
Sinice foods were most often prepared and stored in
the moming and early afternoon, the noon tempera-
ture was used in all analyses.

During monthly studies of dietary intake between
Mav 1978 and March 1979, samples of foods or water
~onsumed by 40 of the diet study children (in 39
houscholds) were collected to be tested for bacterial
contamination. The remaining 30 children were
exclusively breastfed when these studies . These
samples, which were obtained from the child’s cup or
bowl just before the food was served to the child, were
placed in steriie glass vials. Samples of all soft and
liquid foods were saved; dry foods, however, were not
collected for testing. The vials were t in an
insulated box with frozen cold packs until end of
the day. All specimens were then transported to the
laboratory and processed innmediately. Laboratory
tests done before these studies indicated that bacterial
colony counts of food or water changed very little
dunng i2 hours of storage in a cold box.

Water and liquid specimens were mixed thoroughly
and 01 ml of each specimen and of serial 10-fold
saline dilutions (to 10™*; were spread over pre-dried
plates. Soft fonds were first blend. ' and serial
dilunons prepared. The lowest dilution ;,  .:d was the
firet that could be quantitatively pirtttcd. and the
highest was 10 ® Plating media included trypticsse
swv. MazConkey’'s and trypticsse-tellurite-gelatin
agars. For water, but not for food specimens, 01 mli
was added 0 tniple-strength bile peptone, enriched
overmight, and plared on trypucsse-tellurite-gelatin
agar. After mcubanon at 37°C for 24 hours, the
number of Lolonies on the piates was counted. Plates
were examined tor saimonellse, shi and vibrios
hv vtindard methods ( EDWARDS & EWING, 1972). To
test for enteratoxigen: Fschenchia coli (ETEC), five
Lacrose- poaative colonies with typical E. coli morphol-
oy ant a pogl f 10 other lactose-positive colonies
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were removed from MacConkey's agar and stored on
nutrient agar slants. These five colonies and pool of 10
colonies were tested for heat-labile toxin (LT) by the
Chinese hamster ovary cell assay and for heat-sablc
toxin (ST) by the infant mouse assay within ¢
month after initial isolation (MERSON er al., 1€ J).

Previous reports have documented the incidene,
actiology, and seasonality of diarrhoea among study
children (BLACK et al., 1980, 1981). To evaluste the
relatonship between contamination of food or waier
and diarrhoea incidence, we analysed these variables
for 33 of the 40 diet study children. These children
were selected because they were present for the full
year of morbidity surveillance and dict assessment
and because they had had at least 10 food and 10 water
specimens studied for bacterial contamination.

The seasonality of ETEC diarrhoea in study
children is further analysed in relation to environmea-
tal temperature and rainfall. In addition, the seasonal-
ity of ETEC diarrhoes among residents of the entire
Matlab field rescarch area is reisted to concurrent
climatic factors. Data on ETEC seasonal incidence are
taken from a study done in the diarrhoea treatment
centre serving this area (BLACK et al., 1980). Informa-
tion on rainfall, temperature and humidity was
obtained for each month berween February 1977 and
January 1979 from the Meteorological rument of
the Government of the Peoples’ Republic of Bang-
ladesh. .

In this analysis, the presence of E. coli in a food or
watcr sample was regarded as evideace of faecal
contamination. This i1s in accordance with recom-
mendations on the bacteriological safety of water and
dietary foods, in which the recovery of any E. coli or
faecal coliforms is considered unacceptabie (STAND-
An;) METHODS, 1976; INTERNATIONAL COMMISSION,
1974).

Results

Of 470 food specimens, 70% were cooked rice, 16%
were cow’s or goat’s milk and 15% were other types of
food, includinfn?ccial weaning foods made of rice or
wheat flour milk. 41% of these foods had
detectable levels of E. coli, and all but two samples
had detectable bacteria. 49% of milk specimens
contained E. coli, com with 37% of nice speci-

(pmjmm:w m.f:od' fiory onE' 01‘%:
agein signi y hi rice -01).
frequency of contamination of foods vslpt; E. coli rose
markedly with increasing environmental temperature
{(p<0-001) (Table I). In specimens containing E. coli,

¢ average colony counts of E. coli in each type of
food were 100-fold gruater in foods collected on the
hottest days than in those collected on relatively cool
days.

The common practice of cooking foods in the early
morning and storing them at ambient temperatures
for consumption later in the day also to
encourage the growth of E. coli. Ten (30%) of 33
samples of milk consumed within one hour of boili
contained E. coli, compared with 27 (68%) of 40
samples of milk consumed safter more than one hour
of storage in the home (p<0-005). Fusthermoee, on
20 occasions, milk was prepared it the morning, some
drunk immediately, and some later in the day; on 14
(70% of these days, the E. coli counts were higher
(usually one log or more) after storage thsn they had
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Table I—Level of costamination with Eschenchia coli ia food consumed by weaning-age childres® sad relatios to
cavironmental temperatare

Food Type Percentage of Specimens by Escherickia coh Geometric Mean
and Noontime Colony Count per g or ml Colony Count of
Indoor Number of i with
Temperature CF) Specimens 0 10°10'* 100 10* 10° 10° 10%-107 E. coli
Rice
<75 8s 79 9 ] 4 2 1 —_ 4 x 10
75-84:9 13 72 4 4 11 3 4 3 4x10°
>85 130 48 4 13 15 n ] 6 x 10
Miik
<75 25 64 12 4 - - = - § x 10
75-84-9 28 $7 14 7 1 a 7 7 x 10¢
>8S 20 25 — — 20 0 4 6 x 10°
Other
<75 14 64 14 | L J— 7 - - 3 x 10
75-84-3 24 58 8 8 — 17 8 _ 4 x 10°
>85 3 23 3 3 10 R 6 3 x 10*
Al
<78 124 74 10 10 2 2 1 - 3 x 10?
75.84:9 165 67 7 s 9 ] 4 3 3 x 10°
>85 181 4] 3 10 14 14 12 4 1 x 10°
‘Toral 470 59 6 g 9 8 6 3 4 x 10
“$-30 months oid 1399 colonies

Table I—Level of contassination with Escherichia coli in water consumed by weaning-age childres® and refaticaship with
esviroamentsl tempersture

Water Soturce Percentage of Specimens by Eschenchia col Geometric Mcan
and Noontme Cotony Count per m! Colony Count of
Indoor Number of Specimens with
Temperature °F) Specimens 0 10°-10'" 100 10° 10 10° 10%-10’ Eschenchia coh
Tubewell
<75 25 68 20 12 - _— —_ -— 9 x 10’
75-84-9 37 9 19 8 | 3 .- — 4 x 10
>85 sS 47 1 16 18 7 —_ —_ 9 x 10¢
River/canal
<75 60 S0 37 10 3 _ -— 6 x 10
75-84-9 “ 50 36 S b) 2 2 —_ 1 x10°
>85 s 47 13 13 20 1 % 10°
Surface/Tank
<7S 16 31 “ 19 [ —_ _— 7 x 10’
75-84-9 85 58 1 8 18 ] —_ 1 1 x10¢
>8$ 138 42 4 16 26 9 2 1 2 % 10"
All
<75 101 51 M4 12 3 _ _ —_ 7 x 10
75-849 166 56 19 7 I3 4 1 1 4 x 107
>8$ 208 “ 6 16 24 8 2 1 2 x 10*
Totul 475 50 17 12 15 S 1 1 6 K 10?
4

*6-30 months old 11.99 Eschenichia coly colomies

been shortly after preparstion. A similsr relationship Of 473 drinking water specimens, 50% contained

between storage time and E. coli counts was noted for
epecifcauy for afiats uncg rice poweer, vogey and
8| or infants using rice pow
milk or water. Rice was usually dx:rf:ftcr
boiling and not sfter prolonpd uocue however,
:‘hcnricewssnoredé’.colioounumoﬁcnquile
igh .

E. coli, and all but three contained bacteria (Tabile II).
mfmmdmmmmdmwms coli
also increased with environmental tempa'mm
(p<0-001); however, in each temperature
aumber of 5. coli in water was 10-
lower than in food specimens. Water from the variows
available sources had similar levels of contamination;
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water from wells was as frequenty and heavily con-
maminated (and demonstrated the same relationship
with temperature) as surface water (Table II).
th;lhcascetpxunnsmdwdl}nddunhoax&udemm
year rom zZero to epxsodes
They had incidences i from
wotoﬁveepmdes,ofsmuadnrrhoa rom zero
to three episodes, and of rotavirus diarrhoes from zero
to two episodes. To categorize the level of exposure to
faccal contamination for children, we used the pro-
portion of food or water specimens chat contained
detectable E. coli. The proportion of food samples
with E. coli ranged from zero to 83% and of water
samples from 12 to 84%. We found that the propor-
ton of food containing E. coli was positively corre-
lated with children’s annual incidence of ETEC
diarrhoea (r="35, p<0-0S). The proportion of foods
with E. coli contamination was not tly
correlated with the incidence of rotavirus, Shigella or
all diarthoea. The proportion of contaminated drink-
ing water specimens was not correlated with any
specific type of diarrthoea or with all of
diarrheea. ETEC producing both ST and L
found in two of 65 foodsspecmxcnsmmmcdandm
none of 70 water specimens. Diarrhoea associated
with ST/LT E. colt developed in one of the wo
children who ate food containing ETEC.

Non 0 group 1 vibrios were found in 92 (19%) of
475 water specimens and in none of the food
specimens. It was not possible to relate any episodes
of diarthoea associated with non 0 group 1 vibrios to

92 450 pATIENTS WITH ETEC

901 400
88 350
86 300-
84+ 250
82+ 290-

804 504 ,

MEAN MAXIMUM TEMPERATURE °F

—— PATIENTS

784 100+ - =~ TEMPERATURE
764 50
nd o

drinking wuter contsining these organisms. One
asymptomatic infection with a non 0 group 1 Vibrio
was detected in a8 child who had drunk water
containing those vibrios on the day. No
salmonellae or shigellae were f in food or water.

Diarrhoea associsted with ETEC occurred seas-

high
average temperatures and heavy rainfall (especially in
May and June).

The seasonality of ETEC diarrthoea was also
evaluated among patients at the central diarrhoea
treatment centre that provides services for the
ZwowMEvrlggmmeﬁddwcham. Ina
two-year study, diarrhoea was found to have a
marked seasonal distribution (BLACK et al., 1980).
This seasonal occurrence was strikingly associated
with the average monthly environmental temperature
(Fig. 1). The seasonality did not correspond with the
pattern of heavy mainfall.

developed lusively breastfed
In lesser coumnes, exclusively bress
children of undernourished mothers will usually need
supplementary foods after they reach three @ six
mnmhs of SgT to maiatain optimal gm'-vdl (BROWN a1
; BROWN et al., in s WATERLOW &
’DJOMSON, 1979) In this smdy, much of the food and
water given (o weaning- children had faecal
contamination, as indicated by the frequent recovery

T r—rr—r-r-r o roorrrrJrrrrryr rreTyYrT
JAN FEBMAR APRMAY JUN JUL AUG SEPOCT NOV DEC JAN FED MAR APR MAY JUN JUL AUG SEP OCT NOVDEC JAN

1977

1978 1979

Fig. ). Number of pstents with enterotoxigenic Eschenclue colt (ETEC) diarvioes st the Mstlab Treatmen: Center snd ambient tempersture

February 1977-January 1979.

P——-—-——
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of E. coh in high colony counts from these specimens.
Consumption of such food and water is likely to
increase the risk of acquisition of enteropathogens
normally spread by the faecal-oral route.

Although specimens of water more frequently
contained E. coli than did specimens of food, the
number of E. coli in contaminated foods was generally
ten umes higher than that in contaminated water.
There are many possible reasons for these higher
levels of contamination. Raw ingredients and water
used 1o prepare foods are often faecally contaminated,
and inadequate cooking permits survival of bacteria
BARRELL & ROWLAND, 1979). Containers and uten-
sils used to prepare food may stll be heavily
contaminated, cven when washed (ROWLAND et al.,
1978). Food stored in the house can be contaminated
by household members, animals or insects. Perhaps
the most critical factors determining the number of
organisms, such as E. coli, found in foods are the
duration and conditions of storage (BARRELL &
ROWLAND, 1979). Many bacteria would be expected
to multiply in foods kept at the 80 to 90°F tempera-
ture commonly found in homes in many developing
countries in the summer months (INGRAHAM, 1962).
This temperature-related bacterial proliferation, com
bined with more frcluent faecal contamination of
cooking water, probably acceunts for the 100-fold
higher levcls of E. coli in foods during the hotter
months. Such proliferation of E. coli may be partic-
ularly important, because enterotoxigenic E. coli
appedr to require a relatively high inoculum to cause
diasrhoea (DUPONT e1 al., 1971).

The importance of bacterial contamination of
weaning foods was demonstrated in this study by the
observation that the proportion of a child’s food
samples that contained E. coli was significantly related
to that chiid’s incidence of diarrhoea associated with
ETEC, the most frequent enteropathogens causing
diarthoea among the study children (BLACK et al.,
1982a). This finding and our previous studies suggest
that foods are important vehicles in the transmission
of enterotoxigenic E. coli (BLACK et al., 1982b).
Furthermore, the seasonal variation in the level of
contamination of foods is the most likely explanation
for the seasonality of enterotoxigenic E. coli disrrhoea
and its striking association with environmental
temperatures. Seasonal differences in the survival of
enteropathogens in faecall & polluted water may also
play a role in determining uency and degree of
contamination of food and of water.

Recognizing the need for adequate amounts of
nutritious weaning foods for infants, a recent WHO/
UNICEF meeting on infant feeding recommended
that **foods locally available in the home can b¢ made
suitnble for weaning and their use should be s!rongiy

" (World Health uon, 197
WHO/UNICEF Meeting, 1979).
we must concern ourselves with the hnurd of faecal

can be prepared hygienically and eaten i :
or stored safely unul consumption. Only in this way
can the dual pumoas of reducing malnutritiqn and
diarrhoea morbi be achieved.
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