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Diarrhoea among Infants in a Crowded Area
of Djakarta, Indonesia

A Longitudinal Study from Birth to Two Years

LIE KLAN JOE,1, 2 B. RUKMONO,' SRI OEMIJATI,1 K. SAHAB,1
K. W. NEWELL,3 SIE TING HWAY 4 & R. WIDODO TALOGO 5

Diarrhoea* diseases are common in Djakarta, Indonesia, especially among infants and
young children. A study has been made of possible bacterial and parasitic causes of out-
breaks in a group of156 infants in a crowded area ofthe city. Before the study was complete,
60 infants had left the area and 30 had died; diarrhoea was probably the direct or indirect
cause of 13 of the deaths.

Diarrhoea was associated with pathogenic Escherichia coli in about 20 % of the cases
studied; other causes of diarrhoea were Shigella, less frequent, and rare among infants
below the age of 6 months; Salmonella, insignificant; Giardia lamblia, common, but not
usually associated with diarrhoea; Entamoeba histolytica and Isospora belli, relatively
rare. The role of Trichuris trichiura was probably important, but was difficult to assess.

Many diarrhoea cases were not associated with either pathogenic bacteria or parasites.
Other potential causes, not considered in this study, include enteropathogenic virus infection,
parenteral infections, faulty diet and malnutrition. Further investigation is considered
desirable.

Diarrhoeal illnesses are common in Djakarta,
Indonesia, especially among infants and young
children. Shigella has been known for a long time
as an important cause (Lammerts van Bueren & De
Haas, 1938; Lammerts van Bueren, 1939). Recent
work has indicated that pathogenic Escherichia coli
also plays an important role (Sahab & Lie, 1958;
Lie et al., 1958; Lie, Sahab et al., 1960), not only
as a nosocomial infection but probably also as a
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home infection (Lie, Ga,^-Oei et al., 1960). Amoebic
dysentery, also prevalent, is found mainly after the
age of 2 years (Lammerts van Bueren, 1939), while
Salmonella species seem to be of minor importance.

This study was made among a group of poor
children living at home. The children were studied
from birth for a maximum of two years and the
laboratory results relate to their diarrhoeal experi-
ences at the time of examinatiop.

THE STUDY AREA

The survey was conducted in a crowded slum
with an average population of 12 000 per km2
(Mochtar, 1958), situated within the area of the
Study Centre for Public Health and Preventive
Medicine of the Medical School in Djakarta and
covering about 2 km2. The soil consists of thick clay,
and the small houses, most of which are made of
bamboo or wood with earthen floors and roofs of
palm leaves, are usually crowded together. An
average house contains one or two small sleeping
rooms, a kitchen and an open veranda. There are
no roads in this area; foot-paths with open earthen
drains on each side form the only connexion between
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the houses. There is no electricity or piped water
supply. Water is obtained from wells or bought from
water sellers and is usually grossly polluted with
Escherichia coli and other bacteria (Widodo Talogo
& Sihombing, 1961).

Insanitary outdoor latrines are built here and there
for common use; most consist of a hole in the
ground, usually unprotected from rain and open to
ffies. Others are built on stilts above a canal that
runs along the border of the area. Water to wash
the hands after defaecation is rarely available in
these latrines. Children usually defaecate in the
open drains along the foot-paths, and fresh faecal
deposits are frequent within or on the edge of the
drains. Garbage usually is left in a hole in the
ground, where it is burnt from time to time, or is
thrown into the canal. In the rainy monsoon the
area is sometimes flooded. People of a low socio-
economic class live here, mainly new settlers who
have come to Djakarta from the rural areas to earn

wages. The population of the area is therefore
transient. Malnutrition and kwashiorkor are often
noted among the infants.

DETECTION OF DIARRHOEA AND TECHNIQUES

Two nurses employed to visit homes and collect
stool specimens operated from a base within the
study area. Stool specimens from 156 infants born
between 1 August and 31 December 1960 were

collected at intervals of three to four weeks, starting
from the first week of life. When diarrhoea was

found, a weekly stool collection was made. An
infant was considered to have diarrhoea when more

than four stools were produced in 24 hours, the
number of stools being used rather than their
consistency and colour because it was the only
objective criterion possible in this population.
Nurses made weekly visits to each infant to ascertain
if diarrhoea had occurred within the preceding seven

days, and parents were requested to report at the
base whenever an infant had diarrhoea; however,
they did not always do so. In order to maintain
co-operation, all babies received a piece of cloth
from time to time and those having diarrhoea were

given sulfaguanidine tablets. Administration of the
drug probably had little effect in most cases on the
course of the diarrhoea, since previous studies had
shown that pathogenic Esch. coli and 80% of the
shigellae isolated in Djakarta were resistant to it (Lie,
Gan-Oei et al., 1960; Lie et al., 1961).
Each day not more than 10 stool specimens were

collected in bottles, without preservatives. They

were transported to the laboratory by jeep, arriving
two to three hours after collection, and were im-
mediately examined. Great care was taken to avoid
mixing up specimens. Whenever the results of a
stool examination gave rise to suspicion, they were
checked by immediately examining another stool
sample from the same child. Rectal swabs were not
used since it was certain that parents would object.

Techniques for isolating and identifying patho-
genic bacteria have been described in previous
papers (Sahab & Lie, 1958; Lie et al., 1958; Lie,
Sahab et al., 1960). The direct smear was used for
protozoa and helminths, and four eosin and four
iodine slides were made from each stool specimen.
Of 156 infants, 60 left the area before they were

2 years old and 30 died. Thus, only 66 infants could
be followed for the full two-year period. Table 1
shows the numbers of infants, deaths, infants leaving
the area, stool specimens examined, and infant-
weeks of observation, arranged by age-group in
eight-week periods. The number of infant-weeks of
observation was calculated by summing the number
of observation-weeks of each infant studied.

TABLE 1
NUMBER OF INFANTS, NUMBER OF DEATHS, NUMBER
OF INFANTS LEAVING THE AREA, NUMBER OF STOOL

SPECIMENS AND NUMBER OF INFANT-WEEKS
OF OBSERVATION IN VARIOUS AGE-GROUPS

N. No. No.
Age of infants No. No. ofNo. of infant-
(ek at of of infants stool weeks ofs) beginning deaths leaving s - observa-

of period mens tion

Under 8 156 5 6 390 1209

8-15 145 1 10 359 1134

16-23 134 3 12 241 1 031

24-31 119 2 3 344 940

32-39 114 2 5 335 901

40-47 107 3 10 353 836

48-55 94 5 3 332 728

56-63 86 5 0 283 668

64-71 81 2 3 260 632

72-79 76 1 2 247 601

80-87 73 1 2 217 576

88-95 70 0 4 211 542

96-103 66 0 0 230 528

Total 30 60 3 902 j 10 326
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RESULTS

Diarrhoea
A total of 618 diarrhoeal episodes was recorded

from all age-groups in this study, including 11 in
infants who developed diarrhoea one to seven days
after birth. Diarrhoea was usually of short duration:
511 diarrhoea episodes lasted less than one week;
86 from one to two weeks; 16 from two to three
weeks; 4 from three to four weeks; and one four to
five weeks. Diarrhoea was observed in 28 %-51 % of
the infants in each age-group (Table 2). The average
diarrhoea per infant per 100 weeks of observation
varied from 4.5 to 7.4 episodes for different age-
groups, and the over-all average was 6 (Table 3).
Diarrhoea was most common in infants 32-80 weeks
old and least common in the two youngest age-
groups. The seasonal incidence is shown in Fig. 1,
prepared by calculating the average diarrhoea per
infant per 100 weeks of observation for two-monthly
periods, from September 1960 to the end of August
1962. A seasonal variation seems to occur, with the
lowest number of episodes coinciding with the dry
season, an increase in diarrhoea occurring at the
onset of the rainy season.
The 66 infants who could be followed over the

full period of two years developed 409 diarrhoea

TABLE 2
NUMBER AND PERCENTAGE OF INFANTS

WITH DIARRHOEA, BY AGE

Age
(weeks)

Under 8

8-15

16-23

24-31

32-39

40-47

48-55

56-63

64-71

72-79

80-87

88-95

96-103

Infants with diarrhoea

No.

43

45

39

46

46

52

34

34

31

37

26

21

21

28

32

31

39

41

51

38

40

39

49

36

31

32

TABLE 3
TOTAL NUMBER OF DIARRHOEA EPISODES

AND AVERAGE DIARRHOEA PER 100 INFANT-WEEKS
OF OBSERVATION, BY AGE

Age
(weeks)

Under 16

16-31

32-47

48-63

64-79

80-95

96-103

Total

No. of diarrhoea Diarrhoea per
episodes 100 infants-weeks

105 4.5

114 5.8

122 7.0

103 7.4

88 7.1

58 5.2

28 5.3

618 6.0

episodes, an average of more than 6 per infant.
Only two infants were free from diarrhoea, 36 had
four to nine episodes each, and one had 20 episodes,
the largest number suffered by any infant.

Pathogenic bacteria
A total of 3902 stool cultures was made, com-

prising regular routine specimens and specimens

FIG. I

AVERAGE DIARRHOEA EPISODES, SHIGELLA,
AND ESCH. COLI INFECTIONS PER 100 INFANT-WEEKS

OF OBSERVATION FROM SEPTEMBER 1960
TO AUGUST 1962
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collected because diarrhoea was, present. Out of
618 diarrhoeal episodes reported,,;537 were cultured
at least once during the illness; 74 could not be
cultured during the illness, but were examined
either several days before the onset of diarroea or
several days after its sAt§idence; and seve'p were
not examined at all. Pathogenic bacteria were
considered related to diarrhoea when isolated
within four days before onset, durind, or within four
days after subsidence of illness. ThIee groups of
intestinal bacteria were isolated: pathogenic Esch 1eri-
chia coli, Shigella, and Salmonella.

Escherichia coli. Pathogenic Esch. coli wbte
isolated from 338 infections, both manifest (with
more than four bowel movements per da) and
asymptomatic (with four or fewer per da). A
serotype isolated in successive stools from the same
patient was regarded as constituting one infection.
Also, isolation of more than one s otype from the
same stool specimen was considered 's one infection,
whereas when different serotypes were isolated from
subsequent stool specimens, they were consi4ered
as separate infections. Pathogenic Esch. coli were
found in all age-groups among the infants.

There were 216 (64%) asymptomatic infections
and 122 (36%) cases of diarrhoea. Pathogenic
Esch. coli were isolated from the manifest infections
during the illness in 93 cases, several days before
onset in four cases, and several days after subsidence
of illness in 25 cases. Table 4 shows that pathogenic
Esch. coli were found in 10 %-28 % of the diarrhoeas
in various age-groups, on average in 19.7 %. Asymp-
tomatic infections were found in all age-groups and
there were more asymptomatic than manifest
infections except for infants under 8 weeks. There
were three asymptomatic and four manifest infec-
tions in infants less than one week old.

isolation of pathogenic Esch. coli from a diarrhoea
case does not necessarily mean that an etiological
relationship exists and it is impossible to establish
such a relationship with certainty in individual
cases. When a patient is less than 2 years old and
the serotype involved is isolated for the first time,
Esch. coli may be the etiological agent. Thirteen of
the 122 manifest infections did not satisfy this con-
dition; in seven cases, the serotypes involved were
recovered the first time from asymptomatic infec-
tions and were re-isolated from diarrhoea episodes
occurring between four and 44 weeks after the first
isolation; in six cases the serotypes were first
isolated and also re-isolated from diarrhoea episodes,
the re-isolation four to 54 weeks later.

TABLE 4
NUMBtR,; OF DIARRHOEA EPISODES,

NUMBER AND,PERCENTAGE OF blARRHOEAS
ASSOCIATED. WITH PAtHOGENIC ESCH. COLI,
AND NUMBER ,OF ASYMPTOMATIC INFECTIONS,

BY AGE

A N. No. and % i No. of
1f Age of diarrhoea of diarrhoeas asymptt-
l,(weeks) epsds with 'pathrogevii-d matic. ; .episodes Ectch.ctoli -, infections

Under 8 50 113 (26%) 11

8-15 55 9 (16%) 24

16-23 53 9 (17.%) 29

24-31 61 9 (15 %) 18

32-39 57 13 (24/) 23

40-47 65 18 (28%) 21

48-55 52 12 (23 %) 17

56-63 51 8 (16 %) 18

64-71 40 4 (10 %) 18

72-79 48 12 (25 %) 13

80-87 34 9 (27%) 11 e

88-95 24 3 (13 %) 5

96-103 28 3 (11 %) 8

Total 618 122 (19.7 %) 216

The serotypes isolated are shown in Table 5,
arranged according to frequency. Altogether, 127
pathogenic Esch. coli were isolated from 122
diarrhoea cases, including five dotible infections, and
218 Esch. coli from 216 asymptomatic infections,
including two double infections. The' serotypes
were the same as those isolated in a previous study
(Lie, Sahab et al., 1960). The most common sero-
type was 0125, isolated 19 times (or 15% of the total
isolations) in diarrhoeal children and 37 times (or
1700 of the total isolations) in symptomless
children. Serotype 026, common in Europe but
apparently rare in Djakarta, was found in 17 cases
in this study, but not at all in a previous study of
1055 infants and young children suffering from
diarrhoea in Djakarta (Lie, Sahab et al., 1960).
Serotype 0111, which previously had caused severe
nosocomial infections in Djakarta (Sahab & Lie,
1958; Lie et al., 1958), was relatively infrequent. All
serotypes except 0111 were isolated more often from
asymptomatic infections than from diarrhoea epi-
sodes. Serotypes 0127, 086 and 0142 were each
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TABLE 5
SEROTYPES OK PATHOGENIC ESCH. COil ISOLATED
FROM DIARRHOEA CASES AND ASYMPTOMATIC

INFECTIONS

Diarthoea cases | mAiymptomatic 1
"Serotype infections Total

No. % No. %

0125: B15 19 15 37 17 56

0127: BS 24 19 28 13 52

0126: B1q 16 13 30 14 46

0142: K86(B) 16 13 26 12 42

055: B5 9 7 25 12 34

0128: B12 11 9 t6 7 27

0119: B14 6', -5 15 7 21

0111: B4 11 9 10, 5 21

0114: B 6 5 15 7 21

026: BO .'7 6 10o ' 5 17

086: B7 2 2 6 3 8

Thtal 127 100 218 100 345

isolated Irom asymptomatic infections in infants
less than one week old, Seven double infections are
shiown in, Table- 6..

Table 7 shows the average infection per infant per
100 weeks of observation by age-group. The highest
average infection occurred between the ages of 32
and 79 weeks, and the lowest in the eldest infant

TABLE 6
DOUBLE INFECTIONS OF PATHOGENIC ESCH. COLI
FROM DIARRHOEA CASES AND ASYMPTOMATIC

INFECTIONS

Serotypes Age of infant IDiarrhoea (D)Serotypes Ag(weeks) or asymptomatic
infection (I)

0125+0142 11

0125+0142 25

0126+0142 31 D

0119+0125 39 D

0111+0127 45 D

0127+026 48 D

0142+026 55 D

TABLE 7
NUMBER OF PATHOGENIC ESCH. COLI INFECTIONS

AND AVERAGE INFECTION PER 100 INFANT-WEEKS
OF OBSERVATION, BY AGE

Age No. of infections T Infection
(weeks) I with Esch. coli per 100 infant-weeks

Under 16 57 2.4

16-31 65 3.3

32-47 75 4.3

48-63 55 3.9

64-79 47 3.8

80-95 28 2.5

96-103 it 2.1

Total 338 3.3

group. The combined average infection per 100
infant-weeks of observation was 3.3. It is certain,
however, that the actual figure was higher, since not
all infections could be detected in this survey.
Serotype 0127 was not isolated from infants more
than 80 weeks old (Table 8). All serotypes tend to
be more frequent in infants between the ages of
32 and 80 weeks and no seasonal variation in the
incidence of pathogenic Esch. coli could be detected
(Fig. 1), nor was there' a marked accumulation of
serotypes in certain periods (Table 9).
Most Esch. coli infections represented only one

positive isolation out of several weekly or monthly
samplings. In 34 infections the same serotype was
re-isolated more than three weeks after the first
isolation. In four of these, it last occurred from
13 to 34 weeks after, and the serotype was isolated
within the intervening period as well as at its
beginning and end. The serotype probably was
persistent throughout the period in these cases. In
the remaining 30 infections at intervals varying from
four to 52 weeks, the serotype was isolated only at
the beginning and the end and not within the
intervening period. A persistent carrier state is
apparently rare in infections with pathogenic Esch.
coli.
A total of 200 infections was found in the group

of 66 infants observed for the full period of 2 years,
averaging three infections per infant. The largest
number of serotypes cultured from one infant was
six. The number of diarrhoeas suffered was not
related to the number of serotypes isolated (Table 10).
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NUMBER OF SEROTYPES
Age ~

i0125 0127_
7

11

14

8

8

6

2

56

19

8

10

5

10

0

0

52

0126

7

15

9

8

4

2

4

46

TABLE 8
OF ESCH. COLI ISOLATED IN DIFFERENT AGE-GROUPS

Serotype

0142 055 0128 0119 0111

12

9

7

5

5

3

42

6

8

7

4

4

4

34

1

4

8

6

3

3

2

27

3

6

6

2

2

2

0

21

3

5

4

3

4

1

21

0114 026 0862 2_

2 2 3

3

2

8

5

6

3 0

3

2 1 1

0 0 0

21 17 8

Four infants from whom no pathogenic Esch. coli
were isolated suffered from one, eight, 11 and 12
diarrhoea episodes, respectively, an average of eight
episodes per infant. Four others from whom six
serotypes each were cultured had one, four, 14 and
16 diarrhoea episodes, respectively, an average of
nine episodes per infant.

Shigella. Shigella, less common and appearing at
a later stage than pathogenic Esch. coli, was found
56 times. The youngest infant infected was 17 weeks
old. The ratio of infection by pathogenic Esch. coli
to infection by Shigella is 6 :1. Shigellae were
isolated more often from diarrhoea patients under
1 year than from those with asymptomatic infec-

NUMBER OF SEROTYPES OF ESCH. COLI
TABLE 9

ISOLATED FROM SEPTEMBER 1960 TO AUGUST 1962

Serotype

0125 0127 0126 0142

10

7

13

9

9

3

14

11

7

6

14

7

15

5

2

0

8

11

9

6

4

055 0128 0119 0111

3

9

2

8

3

4

4

7

3

6

3

8

5

0

2

1

I_
5

4

1

4

0114 026 086

2

2

10

5

0

2

4

2

7

0

2

2

2

0

2

0

Age
Weeks

Under 16

16-31

32-47

48-63

64-79

80-95

96-103

Total

Period

1960
Sept.-Dec.

1961
Jan.-April

May-Aug.

Sept.-Dec.

1962
Jan.-April

May-Aug.

202
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TABLE 10
RELATIONSHIP BETWEEN NUMBER OF SEROTYPES

OF ESCH. COLI AND DIARRHOEA AMONG
66 INFANTS OVER OBSERVATION PERIOD

OF TWO YEARS

No. of 1Total Average
seoye No. of infants diarrhoea diarrhoeaserotypes ~~episodes per infant

0 4 32 8

1 8 24 3

2 13 86 7

3 17 88 5

4 9 44 5

5 11 100 9

6 4 35 9

Total { 66 409 6

tions, while the reverse was true for infants above
that age (Table 11). The youngest infant with an
asymptomatic infection was 49 weeks old. The total
of asymptomatic infections was greater than the
total of diarrhoea cases. Diarrhoea episodes asso-
ciated with Shigella lasted less than one week in 16
cases; less than two weeks in five; less than three
weeks in four; and less than four weeks in one.
No seasonal variation in incidence of Shigella

TABLE 11
SHIGELLA INFECTIONS FROM DIARRHOEA AND

ASYMPTOMATIC CASES AND AVERAGE INFECTION
PER 100 INFANT-WEEKS OF OBSERVATION, BY AGE

Asympto- InfectionAge Diarrhoea Asmpto- Toa per
(weeks) cases infections Total 100 infants-infectins ___ weeks

Under 16 0 0 0 0

16-31 1 0 1 0.0

32-47 6 0 6 0.3

48-63 7 10 17 1.2

64-79 6 10 16 1.3

80-95 5 6 11 1.0

96-103 1 4 5 1.0

Total 26 30 56

TABLE 12
SEROTYPES OF SHIGELLA ISOLATED FROM DIARRHOEA

CASES AND ASYMPTOMATIC INFECTIONS

Diarrhoea cases Asymptomatic
Serotype ____ ___ netos Total

No. % No. %

Sh. flexneri 1 1 4 3 10 4

2 7 27 6 20 13

3 6 23 5 17 11

4 1 4 4 13 5

5 3 12 3 10 6

6 1 4 3 10 4

Sh.sonnei 6 23 6 20 12

Sh. boydii 1 4 0 0 1

Total 26 100 30 100 { 56

infections was observed (Fig. 1). Sh. flexneri, parti-
cularly type 2, was most frequently cultured and
was isolated from 65% of the diarrhoea cases and
20% of the asymptomatic cases (Table 12). Sh. sonnei
was also found often, Sh. boydii once, but no
Sh. dysenteriae. These serotypes were the same as
those isolated in a previous study (Lie, Sahab et al.,
1960). Mixed infection with pathogenic Esch. coli
was found in nine cases (Table 13)-six diarrhoea
and three asymptomatic infections.

TABLE 13
MIXED INFECTIONS OF SHIGELLA AND PATHOGENIC

ESCH. COLI

Age of infantSerotypes(wes

Sh. flexneri 5 + 0126 45

Sh. flexneri 3 + 0126 17

Sh. flexneri 2 + 0126 + 0142 55

Sh. boydii+ 0126 84

Sh. flexneri 4 + 055 49
Sh. sonnei+ 0126 79

Sh. flexneri 3 + 0114 62

Sh. flexneri 4 + 0125 62

Sh. sonnei+ 0142 104
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Of the 30 asymptomatic infections, 27 represented
one positive isolation from several weekly samplings.
Shigellae were cultured in two successive weeks in
two; and Sh. flexneri was isolated at the age of 73
weeks in one and re-isolated at the age of 94 weeks,
but did not appear in six stool specimens cultured
in the intervening period. This case probably
represented a reinfection.

In each of the 26 diarrhoea cases, shigellae were
isolated during the diarrhoea episode; in five,
shigellae were also cultured the week after diarrhoea
subsided; in two, shigellae were found several days
before the onset of illness; in one they were found
as long as three weeks before diarrhoea occurred
and were re-isolated during the illness.

Salmonella. Salmonellae were isolated only twice.
A Salmonella of group B was cultured from a
40-week-old infant with diarrhoea who died of the
infection, and a Salmonella of Group D was cultured
from an asymptomatic infection in a 72-week-old
infant. Although common in adults, salmonellae
were not an important cause of diarrhoea in the
infants studied. Salm. typhi, endemic in adults, was
not isolated in this survey.

Parasites

Some of the results of the study of parasites in
these infants have already been publishedi(Rukmono
et al., 1962). The full results are reported here and
their importance in relation to diarrhoea is discussed.

Five species of parasites were found in infants
less than 1 year old: Ascaris lumbricoides, Trichuris
trichiura, Giardia lamblia, Chilomastix mesnili and
Isospora belli. Eight other parasites appeared for
the first time in the second year of life: hookworm,
Hymenolepis diminuta, Dicrocoelium-like eggs, En-
terobius vermicularis,. Trichomonas hominis, Enta-
moeba coli, Entamoeba histolytica and Iodanoeba
buetschlii. In the group of 66 infants observed over
a period of two years, there were four with one
species of parasite; 33 with two; 18 with three; seven
with four; three with five; and one with six. The
parasites that have been incriminated as causes of
diarrhoea are: T. trichiura, G. lamblia, 1. belli and
E. histolytica. Recent work has shown that primary
hookworm infection is associated with enteritis
(Brumpt, 1952), and Akamatsu (1958) has observed
transient abdominal symptoms, including diarrhoea,
in infants experimentally infected with Ascaris. How-
ever, diarrhoea has not been reported in experimental
Ascaris infection in adults (Vogel & Minning, 1942).

Helminths. Ascaris lumbricoides was the first
parasite to appear, the youngest infant passing the
eggs at the age of 16 weeks. Since the prepatent
period for A. lumbricoides is two to three months,
infection in this infant must have occurred at the
age of 4-8 weeks. The incidence increased rapidly
with age and reached 100% at age 80 weeks (Fig. 2).
In all, 102 infants were positive. Once'an infant
started excreting Ascaris eggs, he usually contirnued
throughout the remaining study period, but in eight
infants excretion of eggs was not continuous. In
two, eggs were found at the age of 25 and 31 weeks,
respectively, with faeces negative in subsequent
routine stool specimens until the age of 47 and 51
weeks, respectively, when they became positive again
for the remaining study period. Two others excreted
eggs in the faeces at the age of 24 and 31 weeks,
respectively, but subsequent stool examinations,
until the first infant died at the age of 60 weeks and
the second left the area at the age of 46 weeks,
were negative.

FIG. 2

INCIDENCE OF ASCARIS LUMBRICOIDES, TRICHURIS
TRICHIURA AND GIARDIA LAMBLIA, BY AGE
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In the remaining four infants, eggs were found in
several subsequent stool specimens spread out over
periods of three, five, four and nine weeks, re-
spectively. The first two began excreting eggs at
31 and 36 weeks, but there was then a negative
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period until death at 41 and 58 weeks, respectively.
The other two began producing eggs at 43 and 20
weeks, but subsequently became negative; one was
still negative on leaving the area at 54 weeks and the
other again became positive at 64 weeks. Akamatsu
(1958) found that Ascaris worms were usually short-
lived in infants. Of 15 infants whom he successfully
infected by feeding them between five and 20 Ascaris
eggs, six discharged all worms spontaneously within
one month after eggs appeared in the faeces and
four others did so within two months. It is likely
that a similar phenomenon occurred in the eight
infants observed by us.
Some of the infants infected by Akamatsu de-

veloped one or two diarrhoea episodes, one occurring
three days after infection and coinciding with
migration of the larvae through the intestinal wall,
the second episode occurring some two weeks later
and coinciding with the return of the worms into the
intestine. Reinfection of the infants produced
similar diarrhoea episodes (Akamatsu, 1959).
Diarrhoea in infants due to Ascaris infection should
therefore occur 3-11/2 months before the appearance
of eggs in the faeces. In this study, 21 infants had
diarrhoea episodes 3-1½/2 months before the first
Ascaris eggs were detected: sixteen experienced one
episode and five had two episodes, separated by an
interval of two weeks in four cases and four weeks
in the other. Six of these diarrhoea episodes were
associated with pathogenic Esch. coli, including one
also showing G. lamblia infection. No cause was
found for the remaining 20 diarrhoea episodes. It is
possible, although difficult to prove, that they were
due to the migration of Ascaris larvae.

Trichuris trichiura was the second helminth to
appear, at 41 weeks, the youngest age at which eggs
were found. The prepatent period for T. trichiura
is about three months, so that infection of the infant
must have taken place at the age of about 29 weeks.
The incidence increased rapidly with age, reaching
83% at 2 years (Fig. 2), but was lower than that of
Ascaris and became important at a later age.
Heavy Trichuris infection may cause chronic

diarrhoea or dysentery (Whittier et al., 1945; Jung
& Beaver, 1951; Winship, 1959). Although no egg
counts were made, it was possible to separate light
from moderate and heavy infections. By the tech-
nique we employed, a light worm burden was
detected by the erratic finding of eggs in subsequent
stool specimens; moderate and heavy worm burdens
were indicated by the detection of a large number of
eggs, resulting in a continuous positive faecal smear

in subsequent stool specimens. Thirty infants could
be classified as having light infections and 21 had a
continuous positive smear. Table 14 shows the two
groups of infants and the possible relationship of
diarrhoea to Trichuris infection after eggs were
found in the faeces, excluding diarrhoea episodes
associated with pathogenic Esch. coli, Shigella,
Salmonella, Giardia lamblia, Isospora belli or Enta-
moeba histolytica. Fewer diarrhoea episodes were
associated with the group of light infections. Eleven
infants remained negative for Trichuris eggs up to
the age of 2 years. The average number of diarrhoea
episodes per 100 infant-weeks of observation for this
group of infants, calculated over the second year of
life, was 3.0 (compared with 2.8 for lightly infected
infants). These figures imply that Trichuris infection
could have caused diarrhoea in these infants.

TABLE 14
RELATIONSHIP OF DIARRHOEA AND TRICHURIS

INFECTIONS

No. of diarrhoea 1 No. of infants [ No. of infants
episodes with few eggs with many eggs

0 14 4

1 10 5

2 1 4

3 4 4

4 1 0

5 0 2

6 0 1

7 0 1

Diarrhoea episodes in
each group 28 48

Infant-weeks of observa-
tion in each group 1 014 916

Diarrhoea per 100 infant-
weeks of observation 2.8 5.2

As in Ascaris infections, there were infants for
whom excretion of Trichuris eggs was followed by a
prolonged period with negative faecal smears. In
one infant, eggs were found at the age of 58 weeks,
but subsequent stool examinations were negative
until the age of 2 years. In a second infant, eggs
were found in seven subsequent stool examinations,
extending from the age of 63 weeks over a period of

4
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12 weeks, and were followed by consistently negative
stool specimens up to the age of 2 years. In a third
infant, eggs were found at 74, 77 and 79 weeks, after
which stool specimens were negative until eggs were
detected again at 103 weeks. A fourth infant showed
eggs at the age of 69 weeks, but this was followed by
a long negative period, with eggs recurring in stool
specimens obtained at 99 weeks and after. A fifth
infant showed eggs at 57 weeks, and then had a
three-month negative period, eggs being found again
at 71 weeks. Another long negative period followed
and positive stool specimens reappeared at 101 weeks.
It is likely that in these cases spontaneous expulsion
of the worms had occurred similarly to the discharge
of Ascaris worms observed by Akamatsu (1958) in
his experimentally infected infants.

Other worm infections were unimportant. One
infant showed hookworm eggs at the age of 101
weeks, without diarrhoea being reported at that time
or previously. Eggs resembling Dicrocoelium eggs
were found in two infants at the respective ages of
71 and 95 weeks, but they were not found in sub-
sequent stool specimens. The possibility of a spurious
" infection ", caused by ingestion of the eggs, should
be considered. Hymenolepis diminuta eggs were
found in one infant 99 weeks old and Enterobius
vermicularis in two infants, 92 and 98 weeks old.
The incidence of E. vermicularis was probably higher,
since this infection usually cannot be detected by
the technique employed in this study. The parasite
is found in high frequency among children and adults
in Djakarta (Kartanegara, 1964).

Protozoa. The distribution of protozoal parasites
among infants differs from that among adults.
Protozoa such as Entamoeba histolytica and Enta-
moeba coli, common in adults in Djakarta, are rare
in infants, whereas others, such as the relatively rare
Giardia lamblia and Trichomonas hominis and the
extremely rare Isospora belli, are fairly common
among infants.

Giardia lamblia was the most common protozoon
in this study. The youngest infant infected was
25 weeks old and the incidence increased gradually
with age, reaching 32% at 2 years (Fig. 2). Twenty-
seven infants were infected; parasite excretion was
usually intermittent or irregular and in some infants
of short duration. In two, the parasite was found in
only one stool specimen, numerous subsequent
stools proving negative. Two other infants excreted
the parasite for only two weeks. In four infants the
parasite persisted for 21, 27, 48 and 49 weeks,

respectively, after which it could not be re-isolated.
In the remaining 19 infants, cysts or vegetative forms
were excreted throughout the rest of the study period,
from five to 80 weeks.
The first isolation of Giardia lamblia was associated

with diarrhoea in six infants. Diarrhoea lasted
several days in four, for more than a week in one,
and for more than two weeks in another. No
pathogenic bacteria were isolated from these diar-
rhoeas. Two of the six infants subsequently de-
veloped recurrent diarrhoea; one developed a total
of 16 episodes over 80 weeks (numerous Giardia
lamblia were found in 10 episodes), the other four
episodes, one associated with many parasites.
The first isolation of Giardia was not associated

with diarrhoea in 21 cases, although one infant
subsequently developed five diarrhoea episodes
(with parasites found in three), extending over
20 weeks. Asymptomatic infections were therefore
found in 20 infants.

Trichomonas hominis was found in 11 infants, the
youngest 55 weeks old. In six the parasite appeared
in one stool sample only; subsequent specimens
were negative. It persisted for two weeks in one
infant and in six others was found irregularly over a
period varying from seven to 24 weeks.

Entamoeba histolytica was observed in five infants,
the youngest 60 weeks old, the others 76, 91, 95 and
101 weeks old. The first isolation of the parasite
in all five infants was dissociated from diarrhoea, but
in three cases diarrhoea developed subsequently, in
one the week after the parasite was found. This
episode lasted about a week and E. histolytica was
discovered during the illness. A second infant
developed diarrhoea twice, once the week after the
parasite was detected and the second time one week
after the first. E. histolytica containing no erythro-
cytes was found in both diarrhoea attacks. In the
third infant E. histolytica was detected at the age
of 60, 62, 74 and 92 weeks. Five diarrhoeal episodes
occurred after the age of 78 weeks, but no E. histoly-
tica was found in the stool specimens. Association
of diarrhoea with E. histolytica infection was there-
fore uncertain in this case.

Isospora belli was found in five infants, the youngest
43 weeks old. All infants were without diarrhoea
when the parasite was first isolated. The infection
persisted for two weeks in one infant, three weeks
in another and 10 weeks in a third. In another the
parasite was found at 43, 50 and 63 weeks, with one
diarrhoea episode between the first and second
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positive finding but with no parasites in the faeces.
The third positive finding was associated with a
short diarrhoea episode. The fifth infant became
positive at the age of 82 weeks and the parasite was
detected again at 84 and 100 weeks. One diarrhoea
episode occurred between the second and third
isolations, but no faecal examination was made.

Seven infants, the youngest 92 weeks old, showed
Entamoeba coli in the faeces. Chilomastix mesnili
was found in two infants aged 41 and 68 weeks,
respectively, with diarrhoea in the older infant.
The flagellate was not found in subsequent stool
specimens. Iodamoeba buetschlii was found in one
infant at the age of 92 weeks but did not appear in
subsequent faecal specimens.

Deaths
A total of 30 infants died during the study period.

Diarrhoea was probably the direct or indirect cause
of death in 13 (43 %), since death occurred during
a diarrhoea episode; six infants were over and seven
under 1 year old. Shigellae were isolated in two (one
associated with 0126); Esch. coli in four; Salmonella,
group B, in one; and nothing in the remaining six.
Seventeen infants (eight over and nine under 1 year
old) had no diarrhoea at the time of death. One
infant suffered nine diarrhoea episodes in a lifespan
of 60 weeks, and another five severe episodes within
a period of 20 weeks before death. It is reasonable
to assume that diarrhoea was a contributing factor
to the death of these two infants, although not
present when they died.

DISCUSSION

Diarrhoea, common among infants in Djakarta,
was associated with pathogenic Esch. coli in about
20% of the cases studied; Shigella was isolated from
about 4 %; Salmonella was rare. It is not easy to
assess the importance of helminthic infections as a
cause of diarrhoea. In about 4% of the total
diarrhoeas no cause was found other than a moderate
or heavy Trichuris trichiura infection. If Akamatsu's
observations are applicable to all infants, Ascaris
lumbricoides infection should be considered an
important cause of diarrhoea because of its high
incidence. Protozoa are unimportant. Giardia
lamblia infection, although frequent, was not
necessarily associated with diarrhoea. Entamoeba
histolytica and Isospora hominis were rare.
No cause was found for most of the diarrhoeas

and it is certain that not all pathogenic bacteria and

parasites were detected in this survey. More patho-
genic bacteria would have been cultured if the
bacteriological isolations could have been carried
out on the spot and if more faecal specimens of each
infant could have been examined. We believe,
however, that shortcomings in the techniques do not
entirely account for the large number of diarrhoeas
of unknown cause.

Faecal contamination in the study area is intense,
owing to absence of proper sanitation and of a safe
water supply, as well as to poverty, crowding, poor
housing conditions and low standards of personal
hygiene. In this community, pathogenic Esch. coli
are apparently constantly passed from one person
to another, creating a high endemicity. Shigellae
are less common but are also endemic. In the absence
of a central water supply and common eating
establishments, the spread of pathogenic bacteria
must occur through direct and indirect contact.
The extremely high incidence of Ascaris lumbricoides
results from intense faecal contamination of the soil
in the immediate surroundings of the houses.
Children born in that area are exposed from infancy
to infection with numerous types of pathogenic
bacteria and parasites. The history of one infant in
whom six serotypes of Esch. coli, two serotypes of
Shigella and six species of parasites were found was
as follows: the child developed six diarrhoea episodes,
at 35, 45, 48, 53, 63 and 73 weeks, and 45 stool
specimens were examined. Sh. flexneri type 3 was
isolated from the third episode, 0111 from the fourth,
0125 from the fifth, and no bacteria from the other
three diarrhoeas; four pathogenic Esch. coli were
cultured from asymptomatic infections at different
ages: 055 at 22 weeks, 0142 at 33 (re-isolated at 40),
026 at 59 and 0119 at 95; Sh. flexneri type 5 was
observed at 92 weeks but did not cause diarrhoea;
Ascaris eggs first appeared at 43 weeks and Trichuris
eggs at 88; Giardia lamblia was found twice, at 78
and 82 weeks. At the age of 90 weeks, Trichomonas
hominis and Isospora belli appeared in the faeces,
and Entamoeba coli joined the other parasites at
97 weeks. From this infant 12 potential causes of
diarrhoea were isolated, the highest number in any
infant studied.
A feature of diarrhoea among infants in Djakarta

is multiple causation. It is often difficult to decide
which of the potential causes is responsible for the
diarrhoea. Moreover, the etiology of diarrhoea
among infants in Djakarta is even more complex
than is shown by the results of this survey, which
was limited to bacterial and parasitic aspects of the
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TABLE 15
NUMBER OF POTENTIAL CAUSES OF DIARRHOEA

AND AVERAGE DIARRHOEA EPISODES
IN 68 INFANTS OBSERVED OVER PERIOD OF TWO YEARS

No. of potential Total Average
causes INo. diarrhoea Idiarrhoea

(bacterial and of infants episodes per Infant
parasitic)

3 5 26 5

4 11 69 6

5 14 83 6

6 11 56 5

7 7 33 5

8 10 72 7

9 6 48 8

10 1 16 16

12 1 6 6

Total 66 f 409 [ 6

problem. Other potential causes not considered in
this study included enteropathogenic virus infection,
parenteral infections, faulty diet, malnutrition and
unknown causes, which are undoubtedly of great
importance, as indicated by the unknown etiology
of a large portion of the diarrhoea episodes. The
role of enteropathogenic virus infection as a cause
of diarrhoea among infants and young children has
been discussed by Sabin (1963). Infant malnutrition
is often related. Damin & Feldman, as quoted by
Sabin (1963) and Scrimshaw et al.,1 assume that
malnutrition per se is not the basis of diarrhoeal
disease. Abnormal numbers of nonpathogenic
bacteria may be the basis in malnourished infants.
Various potential causes occurring simultaneously
interrelate and interact with the host resistance.
The etiology of infant diarrhoea in the tropics is
therefore complicated, and its complexity is seen
when an attempt is made to correlate the number
of potential causes with the number of diarrhoea
episodes in infants. No positive correlation could
be found in the group of 66 Djakarta infants observed
over a full period of two years (Table 15).
When individual infants are considered, several

correlations emerge, ranging from infants having

1 Scrimshaw, N. S., Taylor, C. E. & Gordon, J. E.,
Interaction of nutrition and infection, Geneva (World Health
Organization: Monograph Series, in preparation).

many potential causes of diarrhoea but few or no
diarrhoea episodes to infants having few potential
causes but many diarrhoea episodes. Between these
two extremes lies a group showing a positive corre-
lation, i.e., many potential causes with many diar-
rhoea episodes or few potential causes with few
episodes. The following is an example of an infant
having many potential causes and few diarrhoea
episodes: three serotypes of pathogenic Esch. coli
and one Shigella were isolated; Ascaris eggs ap-
peared at age 53 weeks and Trichuris eggs at 71 weeks;
yet, no diarrhoea occurred before the age of 2
years. An example of the reverse-many diarrhoea
episodes but few potential causes-was an infant
who suffered 11 diarrhoea episodes but from whom
no pathogenic Esch. coli were isolated; Ascaris eggs
appeared at 38 weeks, but no diarrhoea could be
attributed to migration of the larvae; Trichuris eggs
were found at 64 weeks and three diarrhoea episodes
occurred after their appearance in the faeces; another
diarrhoea episode occurred at 94 weeks from which
a Shigella was cultured; in addition, Trichuris eggs
were present.

Differences in individual resistance are undoubt-
edly very important in the development of diarrhoea.
Infants having high resistance develop few or no
diarrhoea episodes, despite continuous infection
with many potential pathogens. Others with low
resistance develop frequent diarrhoeas as a result
of these infections. Many factors may interact with
the host resistance. Taylor (1960) emphasized that
the balance between host and parasite is of major
importance in pathogenic Esch. coli infection. In an
outbreak of Esch. coli 0126, she found that enteritis
occurred only in babies who excreted this serotype
and in addition were suffering from a cold. She
found a similar association with pneumonia. In the
serious diarrhoea outbreaks in Djakarta due to 0111
and 086 previously described (Sahab & Lie, 1958;
Lie et al., 1958) almost all infants in the ward also
had stomatitis due to Candida albicans infection
(Suprihatin, 1963). It is therefore conceivable that
infants excreting pathogenic Esch. coli may develop
diarrhoea at a later date when an increase in sus-
ceptibility occurs owing to debilitating conditions.
In some infants in this study, pathogenic Esch. coli
were isolated prior to the development of diarrhoea.
The host-parasite balance is well known in helminthic
and protozoal infections, and its importance has
also been established in Shigella and Salmonella
infections. Only a portion of the infants in our
study infected with Shigella and Salmonella developed
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diarrhoea, and in one infant Shigella was isolated
several weeks before diarrhoea occurred.

Malnutrition definitely has an important bearing
on host resistance. Scrimshaw et al.,1 in a forth-
coming monograph discussing the interaction of
nutrition and infection, consider that the relationship
between diarrhoeal disease and malnutrition is truly
synergistic. Diarrhoeal disease contributes to
nutritional deterioration and infants already mal-
nourished are more susceptible to diarrhoeal
disease.

Little is known about the interrelation of potential
causes, except that there is a correlation of incidence
of heavy Trichuris infection and amoebiasis, although
its explanation remains a mystery (Jung & Beaver,
1951).
Another point worth further investigation is the

striking difference in infant age distribution for
infection with intestinal parasites and bacteria.
Pathogenic Escherichia coli may appear several days
after birth and are frequent throughout infancy.

' Scrimshaw, N. S., Taylor, C. E. & Gordon, J. E., op. cit.

On the other hand, Shigella is rare below the age of
6 months and more common from 1 to 2 years.
This difference in age distribution was also noted in
a previous study (Lie, Sahab et al., 1960). Ascaris
appears at an earlier age and with higher incidence
than Trichuris, although the mode of infection for
both parasites is the same. Approximately the same
age distribution of infection has been found in
infants in Kuala Lumpur, Malaya,2 and in Cali,
Colombia,3 where the youngest infant infected with
Ascaris was 3 months old and with Trichuris 6 months
old. Giardia lamblia and Isospora belli appeared
early in infancy, whereas Entamoeba histolytica and
Entamoeba coli appeared towards the end of the
second year. Whether this age distribution is related
to age susceptibility or to epidemiological differences
is unknown.

"Lie, K. J. (1963) Prevalence rates of soil-transmitted
intestinal helminths in Malaya (unpublished document
WHO/Helminth/30).

' Faust, E. C. (1963) Observations on helminths con-
tracted by man from the soil in the Republic of Colombia
(unpublished document WHO/Helminth/14).

RISUMt

Les auteurs rapportent les r6sultats d'une enquete sur
l'importance des maladies diarrheiques et sur leur etio-
logie, bact6rienne ou parasitaire, chez des enfants vivant
dans un bas quartier de Djakarta, Indonesie. A l'issue
d'une surveillance de deux ans, il ne restait, du fait de
d'ces ou de depart, que 66 enfants sur les 156 du d6but,
suivis depuis leur naissance. Les 6pisodes diarrh6iques
rep,tes ont ete frequents (en moyenne plus de 6 par enfant
au cours des deux annees d'observation) et les diarrhees ont
et vraisemblablement la cause directe ou indirecte du
deces de 13 enfants sur les 30 qui moururent pendant cette
periode. La recherche des Shigella, des Salmonella, des
Escherichia coli pathogenes, des helminthes et des proto-
zoaires a ete effectuee sur 3902 echantillons de selles. Dans
une importante proportion des cas de diarrh&, on n'a pu
mettre en evidence un agent pathogene bacterien ou para-
sitaire.

D'autres causes possibles - que cette etude n'a pas
envisagees- ont probablement une grande importance
et les diarrhees presentees par ces enfants ont souvent
une etiologie multiple et complexe.

Les diarrhees causees par les Esch. coli pathogenes ont
e fortement endemiques, prenant l'aspect d'une infection
domestique chez les enfants du quartier. Leur nombre s'est
elev6 a 338,soit en moyenne plus de 3 infections de ce type
pour chacun des enfants pendant les deux annees d'ob-
servation. Des Esch. coli pathogenes etaient presents dans

19,7% de tous les episodes diarrheiques. L'infection a ete
asymptomatique 216 fois (64Y) et accompagn6e de diar-
rh&e 122 fois (36%). Les serotypes suivants, par ordre de
frequence, ont ete isoles: 0125, 0127, 0126, 0142, 055, 0128,
0111, 0114, 0119, 026 et 086. II est vraisemblable que les
enfants porteurs de germes pendant plus de trois semaines
ont ete tres peu nombreux.
Des Shigella ont ete isolees 56 fois, dont 26 fois a l'oc-

casion de diarrhees et 30 fois au cours d'infections asymp-
tomatiques. Ces germes ont ete rarement observ6s chez
les enfants ag6s de moins de six mois. Les serotypes
identifies ont et6: Sh. flexneri, le plus commun, Sh. sonnei,
fr6quent, Sh. boydii, un cas.

Des Salmonella ne furent isolees que deux fois seule-
ment. Le premier parasite i apparaitre dans les selles des
enfants a ete Ascaris lumbricoides; 1'excr6tion d'aeufs la
plus precoce a ete observee a l'ige de 16 semaines. L'inci-
dence a crui rapidement avec I'age, atteignant 100% a 80
semaines.

Trichuris trichiura a aussi et rencontre frequemment.
Le plus jeune enfant eliminant des ceufs avait 41I semaines;
l'incidence a augmente avec I'age et a atteint 83% aL
deux ans.
Parmi les autres infections diagnostiquees, il faut citer:

les ankylostomes et Hymenolepis diminuta (chacun une
fois), des ceufs semblables a ceux de Dicrocoelium et
Enterobius vermicularis (chacun deux fois). Giardia lam-
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blia a ete le protozoaire le plus frequemment observe,
l'infection la plus precoce etant decelee A 25 semaines, et
l'incidence atteignant 32% A I'Age de deux ans. Tricho-
monas hominis a et6 trouv6 chez 11 enfants, Entamoeba

histolytica chez cinq enfants (dont le plus jeune avait 60
semaines), Isospora belli chez cinq enfants (dont le plus
jeune avait 43 semaines), Entamoeba coli chez sept enfants
et Iodamoeba buetschlii chez un enfant.
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