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Despite material advances in intestinal mi-
crobiology during the past decade, difficul-
tics persist. Proper understanding of relation-
ships among componcents of the microbial
flora i1s pertinent, both in health and discasc.
This has particular significance because the
etiology OF a grcat part of the acute and
chronic diarrhcal discases of the gencral
pulation is still unknown. Yet, thc biological
significance of the intestinal flora in nutri-
tion, in host defense and other 1mportant
ways has been wcll documented in germ-
free and conventional animals (Luckey, 1965;
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Dubos, Schaedler & Costello, 1963). That
the intestinal flora of necessity also has im-
portant functions in the human host is a
wholly reasonable assumption. The present
nced is for fundamental information on the
cvolution of man's gastrointestinal flora in
hecalth and the changes incident to genesis
of disease.

Population. The data derive mostly from
long-term prospective obscrvations of Mayan-
Indian children from a Guatemalan high-
land village (Mata, Urrutia & Garcia, 1967).
Infants were recruited at birth and followed
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Figure 1. Procedure to quantitate the intestinal flora. Feces are measured with a calibrated plastic spoon; aspi-
rates with a pipette. Dilutions 10-* and 10-* are made with a pipette; dilutions 107® to 10~¢ with calibrated (0.01
ml) platinum-rhodium loops. Agar areas are thoroughly strcaked with calibrated loops.



Quantitation of the intestinal

flory

Ronge of
Agar Medium Bacterial Group Incubation  Bocteriol count
at 37°C (log 10)
BC-l, /7215 ’n Bocteroides, Clostridia 48 hr 4.12
BC Bifidobacteria, Lactobacilli Anoerobic
LS 3[4 6 Streptococci, Veillonellace
2> i hili 48 h 12
L 313 6 M;_Cmfegop-;rlc ] Coni r 4 «
actobacilli an andle jor
Streptococei
4 |7
E 7 Enterococci 24 hr 6-11
Acrobic
MS % |2 Micrococci, 24 hr 4- 9
314 Stophylococci Aerobic
T77 215 ah E b i 24 K 4-11
nterobocteriaceaoe r -
34 0 Acrobic
systematically for various periods to dcter- Mecthods

mine the pattern by which bacterial groups
were acquired, the cvolution of the intesti-
nal flora, and its varied reaction to diffcrent
kinds of stress (Mata & Urrutia, 1970). All
infants were breastfed beginning as soon
after birth, as milk became available, and for
the next one to three years.

Weaning in this culturc is a slow and pro-
longed process, starting at 3 to 4 months
with introduction of small amounts of fluids
or semisolid foods. Solids are introduccd
somewhat later, so that by one year of age
the child, although still breast-fed, is recciv-
ing small quantities of a diet similar in na-
ture to that of the adult. The nutritional
state of the child starts to dcteriorate at 4
to 5 months of age because the available
maternal milk no longer meets the needs of
the growing child, The nutritionally stress-
ful period is the second year of lifc as the
deficit in food supplcments becomes more
pronounced (Mata, Urrutia & Lechtig, 1970).

Another set of data was from children with
scvere diarrhea or with protein-caloric mal-
nutrition, drawn from several Guatemalan
villages.
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Fight to 10-fold dilutions of feces or
fluid aspirates (according to thc specimen
being studicd), were prepared. Amounts of
0.01 m! of certain dilutions were plated on
arcas of Schacdler media (Schaedler. Dubos
& Costcllo, 1965) as modified in this labo-
ratory  (Mata, Carrillo & Villatoro, 1969)
(I'ig. 1). Gaspak disposable gencrators were
used to  produce anacrobiosis  (Brewer &
Allgeier, 1966).

The bacterial groups shown in Table 1,
were identificd by a combination of crite-
ria._such as scnsitivity to oxygen, microsco-
pic and colony morphology, and growth in
various agar media (Dualec & Mata, 1968;
Mata, Carrillo & Villatoro, 1969; Nclson &
Mata, 1970).

Selccted isolates from the highcest dilutions
were  subcultivated in  pre-reduced  media
(Moore, 1966) and some of their ferment-
ation products analyzed by silicic-acid and
gas-liquid chromatography (Moore, Cato &
Holdeman, 1969; Cato, Cummins, Holdeman,
Johnson, Moore, Smibert & Smith, 1970).



Results
A. Fecal Flora of the Breust-Fed Infant

The neonatal period. Tifty village new-
borns were observed. Under normal condi-
tions, the intestinal tract of newborn infants
is free of microorganisms. Bacteria occasion-
ally were cultivated from meconium four
hours after birth. Six of nine samples passed
4 to 7 hours after birth contained facultative
bacteria, mainly micrococci, streptococci, and
enterobacteriaceae,

Figurc 2 shows thc progressive appcarance
of bactcria during the neonatal period, Half
of the infants had Escherichia coli in con-
centrations of 10% to 101! per gram of feccs
during the first 24 hours of life. By the
second day, all infants had E. coli, with
counts ranging from 105 to 101! per gram.

A few infants had bifidobacteria on the
first day and a third by the sccond day of
life, in concentrations that ranged between
108 and 10'° per gram. Frequencies increas-

HOURS

DAYS

ed with age, so that by thc end of the first
week, all infants had these bacteria in con-
centrations ranging from 101° to 101! per
gram (Fig. 2).

Eighty-three per cent of ncwborn infants
showed anaerobic streptococci on the first
day in concentrations of 10¢ to 100 per
gram of wet feces. By the sccond day the
counts were 10° to 10! per gram. Strepto-
cocci and E. coli, then more frequent than
bifidobacteria in the first days of lifc, de-
creased by the end of the neonatal period
to low frequencies. When found, concentra-
tions ranged from 107 to 101! per gram.

Clostridia appeared in a few infants from
the first day, to reach high titers (108 to
1011) on the second day. Few infants, how-
ever, had these bacteria on the third day or
thereafter,

Bactercides and veillonellae were not de-
tected on the first day in dilutions of 10-4
Few infants were colonized with these bac-
teria during the neonatal period; those that
were had them from the second day. When
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Figure 2. Bacterial groups in meconium and feces of breast-fed Mayan-Indian neonates, Santa Maria Cauqué,
Guatemala, 1967-1968. Numbcrs on top of columns indicate range of bacterial counts, as reciprocal of log;,, of
concentration per gram of wect meconium or feces (from Mata & Urrutia, 1970).
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Mavan-Indian infants studied from birth to one vear
a Cauqué, Guatemala, 1967-1968. Minimum bacteria)
ia, streptococci, bacteroides, clostridia and vellonellae;

10° for enterococci; and 10* for micrococci and E. coli (from Mata & Urrutia, 1970).

present, concentrations ranged from 108 to
1012 per gram.

The post-neonatal period. Twelve breast-
fed infants werc observed throughout the
first year of life. Bifidobacteria continucd as
the most frequent group, in concentrations
of 10 to 101 pcr gram (Iig. 3). Strepto-
cocci, veilloncllae, and bacteroides, increasing
progressively with age, werc present in morc
than 75 per cent of the study group by the
end of the first ycar.

The frequency of anacrobic bacteria cul-
tured in concentrations of 10% per gram or
more during the first 9 months of lifc is
summarized in Table II. In breast-fed infants,
bifidobacteria definitely werc commoncst.
Eubacteria, catcnabacteria, and other anacro-
bes were detected irregularly.

Enterobacteriaccac were always present at
all ages noted. E. coli, however, was not pre-
sent, in concentrations of 10% or more, in
all chlldrcn within the nconatal period, but
increased steadily with age. At two months,
this bacterial group was found in all infants:
and, in most instances where cultures were
made. Enterobactcriaceac and other acrobic

or facultative bacteria were always present in
concentrations 2 to 3 logs below the leve
attained by bifidobacteria.

Clostridia was rarcly found in the post-
nconatal period in concentrations of 105 or
more per gram. Along with other rare bac-
teria, they may have been present more con-
sistently, “although in low and unimportant
numbers.

Bifidohacteria arc anacrobic at first isnl-
ation, although they become somewhat tole-
rant to low concentrations of oxvgen on con-
tinued cultivation. They arc non-sporulated.
strongly gram-positive straight rods in pali-
sade-like arrangement. Branching is not ob-
served in all primary cultures or upon pass-
age, but all village strains exhibit branching
if grown in liquid media with 0.35 M NaCl,
as rccommended by Kojima, Suda. Hotta &
Hamada (1968).

More claborated methods were applicd to
sclected cultures in order to identify the va-
rious bacterial groups more preciscly, Figu-
res 4 and 5 show the fermentation patterns
as analvzed by silicicacid and  gasliquid
chromatography. In gencral, Bifidobucterium,

Table 11

I'requency of anacrobic bacteria in 262
first nine months of age, Santa )\

fecal samples of healthy infants, during the
farfa Cauqué, Guatemala 1967 — 1968

Bactcrial group Numbecr of samples positive® Pereentage
Bifidobacteria 258 08.5
Veillonellac 157 $9.9
Streptococci 152 58.0
Bacteroides 75 28.6
Lactobacilli 27 10.3
Clostridia 17 6.5

* At the dilution 10 8 or greater.
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Figure 4. Silicic-acid chromatography of cultures of
indigenous bacteria isolated from breast-fed infants,
Santa Maria Cauqué, Guatemala, 1970.

Bacteroides and Veillonella, were confirmed
by these methods. Eubdacterium may have
been confused with Bifidobacterium, but few
were isolated from breast-fed infants, com-
pared with bifidobacteria.

Shift to an adult fecal flora. The “sim-
lc” flora of breast-fed infants, almost wholly
of bifidobacteria, remains thus during the
period of exclusive breast-feeding (from birth
to 3 months of age). This is related to a
stimulating factor present in maternal milk
in large concentrations (Gyorgy, 1957). Dur-
ing said period, the average concentration of
E. coli is low (Fig. 6). As food supplements
are introduced, streptococci and bacteroides
become more frequent, in concentrations
above 108 per gram. Proliferation of facul-
tative gram-negative bacilli and enterococci
also occurs. More particularly, concentrations
of facultative bacteria bccame relatively
greater during the periods 13 to 16 and 21
to 32 weeks of age. This component was
almost  exclusively enterobacteriaceae, of
which E. coli was the dominant group.

Microorganisms present in breast-fed in-
fants, weaned children and adults of the arca
are compared in Table III. Nearly all cultur-
able bacteria in breast-fed infants were bifi-
dobacteria. In the three groups, the anacro-
bic component always outnumbered the acro-
bic bv two to three logs. During wcaning
anaerobes decreased by one log. In the adult,
bacteroides were more frequent than bifido-
bacteria, outnumbering all other bacterial
groups.

The transition of one flora into another
is a slow and subtle process that begins with
initiation of weaning, continues throughout

Table III

Fecal bacterial flora of healthy breast-fed children, and of adults
Santa Maria Cauqué, Guatemala, 1967 — 1969

12 Breast-fed 12 Adults
Bacterial group infants 12 Weanlings 13 to
5 to 8 weeksold 2 to 3 yearsold 37 years old
Bifidobacteria 11.1% 10.6 9.4
(31/31)** (12/12) (9/12)
Bacteroides 9.6 9.2 10.3
( 6/31) (10/12) (12/12)
Total anacrobes 11.5 11.0 10.5
Total facultative bacteria §.0 9.0 8.8
. anaerobces 3160 100 50
Ratio - -
IFacultative 1 1
@/, anacrobes in total 99.9 99 98

* Average log,o of bacterial counts per gram of wet feces.
** Number of cultures with 108 or more of the bacterial group in total number of

cultures.

(Adapted from Mata & Urrutia, 1970).
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Figure 5. Gas-liquid chromatography of cultures of indigenous bactena solated  frum breast-fed
infants, Santa Marfa Cauqué, Guatcnala, 1970.

that prolonged period, and is marked by higher
rates of diarrheal disease (Mata, Fernandez
& Urrutia, 1969).

Diarrheal discase. Data on the flora in
diarrheal discase derives from the cohort of
12 children studied throughout the first vear
of lifc. Figure 7 gives average concentrations
of facultative and anacrobic bacteria. No dif-
fcrences were noted in the concentration of
total aerobes and anaerobes before onset of

B. Tre Intestinal Flora in Disease

No qualitative or quantitative changes in

the fecal flora were detected during respir-
atory infections, uncomplicated measles and
other exanthems, and skin infections.

symptoms, at onsct, or during the following
S davs. However, qualitative changes occurr-
cd: a) bifidobacteria were not detected in

Table IV

Fecal bacterial flora of one-ycar-old breast-fed children, healthy and with
severe diarrhea

] n=10 n=10
Bacterial group Healthy Diarrlicic
Facultative, total 9.2% 9.7
(6-10) (8-11)
Anacrobic, total 11.5 8.3
(11-12) (<8-10)**
Bifidobacteria 11.2
(11-12) (<8-10)***
Coliforms 9.2 9.4
(6-10) (8-11)

* Avcrage of log,o of bacterial concentration per gram of wet feces.
** Onc casc had less than 10% anacrobic bacteria per gram.
*#% T'jve cases had less than 10* bifidobacteria per gram,
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Figure 6. Anaerobic and facultative fecal flora of 12 breast-fed infants studied from birth to one
vear, during disease-free periods, Santa Marfa Cauqué, Guatemala, 1967-1968 (from Mata & Urrutia,

1970).
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the feces of several patients with diarrhea at
a dilution of 10-8%; b) in some cases, strepto-
cocci became the dominant flora, replacing
bifidobacteria; ¢) certain groups of gram-ne-
gative facultative bacilli, such as Proteus and
Providence, predominated over the usual E.
coli.

Severe diarrhea. Since most diarrheas of
breast-fed infants are clinically mild, older
children with severe diarrhea (diarrhea with
blood and mucus in the stools) were inves-
tigated. A profound alteration of the fecal
flora, primarily a marked decrease in anaero-
bes, particularly bifidobacteria and bacteroi-
des, was observed in these cases (Table 1V).
This was often accompanied by a prolifer-
ation of facultative gram-negatives, but these
were sometimes reduced.

Shigellosis. Similar alterations were ob-
served in severe diarrhea associated to Shigella
infection. The anacrobic flora decreased to
levels comparable to the facultative flora or
even less (Table V). Bifidobacteria were not
found. E. coli and other cnterobacteriaceae
formed most of the facultative flora. Shigellae



Table V

I'ccal flora of paticnts with shigellosis in relation to antimicrobial treatment,
Santa Maria, Cauqué, Guatemaly, 1970

S. dysenteriae 1

S. dysenteriae 2

S. sonnei

Days after

treatment - -1 2 6 -2 3 6 -1 2 5 7
Total Anaerobes 7% «<10 11 9 11 11 8 11 11 11

Bifidobacteria and

Lactobacilli 0** « 0 0 0 10 10 O 9 11 11

Bacteroides 7 <10 11 8 10 0O 8 9 0 0

Streptococci 0 « 0 0 9 11 11 0 10 10 9

Veillonellae 0 « 0 0 9 10 10 O 0 10 0

Clostridia 0 =~ 0 9 0 0 9 0 0 0 0
Total Facultative

Bacteria 8 10 10 9 7 6 10 10 9

Shigellae 7 o 08 0 0 3 0 0 0

Enterobac-

teriaceae 6 9 9 9 7 6 9 10 10 7

Enterococci 7 6 8 7 z 3 6 9 10 7

Micrococci 4 4 5 4 7 0 5§ 6 6 5

* Numbers are log,, of bacterial concentration per gram (or ml) of feccs.

** () — Bactena not found at dilution 10 4.

were present in concentrations of 108 to 108
per gram.

Patients with Shiga dysentery (S. dysen-
teriae, type 1) had a flora even morc exten-
sively altered. This variety of shigcllosis was
characterized by marked pathological chan-
ges in the intestinal mucosa, extending fre-
quently from the small intestine to the rec-
tum, leaving no segments of the mucosa
intact. Pathological alterations induced by S.
dysenterize 1 account for the severe clinical
manifestations and high lethality of this di-
sease entity (Mata, Gangarosa, Cicercs, Pe-
rera & Mejicanos, 1970).

The administration of an effective drug
such as nalidixic acid, was followed by a
reduction in numbers of shigellae and a ra-
pid increase in anaerobes (Table V). The
altered flora persisted for weeks or months.

Severe protein-calorie malnutrition. Chil-
dren with acute protein-caloric malnutrition
were admitted to the hospital and intubated
according to a special technique (Schneider,
Viteri & Mata, 1970). After fasting for 12
hours, specimens werc obtainced under fluo-
roscopy from stomach, duodenum and je-
junum (about 10 cm past the ligament of
Treitz). Aspirates were diluted, plated and
incubated under anaerobiosis within 5 to 8
minutes.

Of 9 children, threc had an apparently
normal flora (Table VI), cxcept for large
numbers of bacteria in the stomach (10% to
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108 per ml) in two of the cases, and in
jejunum in onc casc.

The remaining 6 children had an abnor-
mal fecal flora (‘Table VIIY. Bacteria were
cultured from the stomach in concentrations
of 108 to 108 per ml. The numbers in the
duodenum were relatively great, partienlarly
child G. Z,, 108 per ml. The same was true
of the proximal small intestine of child
J. T 0. which exhibited 108 bacteria per
m! of aspirate.

According to Moorc et al. (1969), num-
bers of bacteria in stomachs of fasting sub-
jects arc in the order of 10 to 100 per gram
and with ingestion of food. numbers reach
10¢ to 109, INCAP studies of children reco-
vered from malnutrition  also showed low
numbers of bacteria in the small intestine.

Children with severe protein-caloric mal-
nutrition usually had an altered fecal flora.
The usual normal preponderance of anaero-
bes was not obscrved. In gencral, the anae-
robic flora was onc log less than that nor-
mal for children of the area, in all instances
constituting dcfinite abnormalitics,

The distribution of bacterial groups in the
gastreintestinal tract of the 9 children did
not, in gencral, follow the pattern for adults
of the arca. Streptococer predominated in the
stomach, duodenmm and jejunum. Bifidobac-
teria were found in feces of only 2 of the

-9 cases.



Table VI

Gastrointestinal microflora of children with severe protein-calorie malnutrition,
Guatemala, 1969-1970

Child Stomach Duodenum Jejunum Feces
E. R. C. FAC* 104 Yeasts 10+ Yeasts 10¢  Yeasts 1010 E. coli
Coryncbacteria E. coli Klebsiella Klebsiella
ANA 102 Bacteroides 102 Lactobacilli 10*  Bacteroides 1011 Bacteroidcs
Streptococci Bifidobacteria
Streptococci
Veillonellae
N. G. FAC 108  Streptococcel <102 102  Streptococci 10° E. coli
Streptococci
ANA 108 Streptococci <102 <102 1010 Bifidobacteria
Veillonellae Streptococci
J. A. L. FAC 107 Micrococci 10¢  Yeasts 108 E. coli 1010 E. coli
Yeasts Yeasts Klebsiella
Streptococci
ANA 108 Bacteroides 103 Streptococci 108 Streptococci 101t Bifidobacteria
Streptococci Veillonellae Veillonellae Bacteroides
Veillonellae Streptococci
Lactobacilli

* FAC = Facultative; ANA = Anaerobic.



Table VII

Gastrointestinal microflora of children with severe protein-caloric malnutrition,
Guatemala, 1969-1970

Child Stomach Duodenum Jejunum Feces
L. A. FAC* 188  Streptococci 108 Streptococci 10" E. coli
ANA 10*  Lactobacilli 104 Streptococci 108 Streptococci 101®  Streptococci
Veilloncllac Veillonellac
M. R. O. FAC 10% Streptococci 108 E. coli 107 E. coli 1010 E. coli
Yeasts Klcbsiclla Klebsiclla Klcbsiclla
Streptococet
ANA 108 Streptococai 105 Streptococct 107 Streptococci 10'*  Bacteroides
Vcilloncllac Veilloncllace Vcillonellae Streptococci
Veilloncllac
G.Z FAC 107 E. coli 10%  Streptococa 101 E. coli
Streptococci E. coli Klcbsiclla
Ycasts
ANA 107 Streptococci 10%  Streptococei 10  Bactcroides
Veillonellac Veilloncllac Lactobacilli
' Streptococci
J. F. O. FAC 108 Streptococci 10¢  Streptococed 10%  Streptococci 10 F. coli
E. coli E. coli Ycasts Shigella
Yecasts F. coli Streptococci
ANA 108  Streptococeci 10%  Streptococci 10%  Streptococci 10 Bactcroides
Vcilloncllace Bacteroides Streptococci
Vellonellae Veillonellace
P. Ch. FAC 10%  Streptococci 105 Streptococci 101 F. coli '
Corvnebacteria Y casts Protcus
ANA 10%  Streptococct 103 Streptococci 10t Bifidobacteria
Lactobacilli Bacteroidces
Bacteroides Streptococci
R. S FAC 104 Yecasts 104 Ycasts 10t E. coli
Klcbsiclla
ANA <102 <102 10%  Bifidobacteria
Streptococci

* FAC = Facultative; ANA = Anacrobic.



Comiment

The significance of the present investig-
ation rests in the long-term prospective na-
ture of the studics, conducted in a popul-
ation cxposed to an adverse cnvironment in
terms of nutrition and infectious disease.

Colonization of the infant’s intestinal tract
occurs carly in life, and similarly to reported
behavior in more advanced societics {Rose-
bury, 1962). Bifidobactcria were not the
first to be excreted in the meconium and fe-
ces of breast-fed newborns, but they became
the dominant clement in the flora of the
large intestine within the first week of life,
Bifidobacteria accounted for more than 99%
of the flora as obscrved in other global re-
gions (Gyvllenberg and Roine, 1957; Haenel,
1961). These bacteria produce large amounts
of organic acids, accounting for the low pH
of feces of newborns. This situation probably
is responsible for the notorious resistance of
the newborn to infection with protozoa, Shi-
gella, and other agents (Mata & Urrutia,
1970).

‘The onsct of weaning ordinarily marks an
increased  frequency of veilloncllae, strepto-
cocci and  bactcroides, and prollfcration of
the IS, coli group. If maternal milk is discon-
tinued and formulae substituted, changes in
the intestinal flora rapidly follow (Gyllen-
berg & Roine, 1957). In breast-fed village in-
fants, the situation differs because of the
protracted weaning process, during Z to 3
vears. Shifts in the fecal flora arc subtle and
more difficult to cvaluate, influcnced as they
ar¢ by frequent infection related to the highly
contaminated cnvironment (Mata, Fernin-
dez & Urrutia, 1969). The weaning period is
characterized by an exaggerated incidence of
diarrhcal discasc (Gordon,Chitkara & Wyon,
1963; Mata, Urrutia & Gordon, 1967).

During infancy, most diarrheas appear un-
associated with infection by Shigella or other
rccognized pathogens. A common belicf is
that they are non-specific. Attempts to mca-
sure changes in fecal flora have not been
productive. The only significant observed
change has been a relative decrease in bifido-
bacteria, an increase in streptococei and in
coliforms at the onsct of diarrhea, and short-
ly thereafter. This docs not mean that in-
digenous bacteria have no causal role. It may
be that they proliferate abnormally in sites
not normally extensively colonized, such as
the small intcstine. Koya, Kosaki and Fuka-
sawa (1954), for example, demonstrated that
enteropathogenic  Escherichia coli, in order
to causc diarrhea, has to colonize in the small
intestine, This also is truc in acute cholera
(Gorbach, Banwell, Jacobs, Chattarjee, Mitra,
Brigham & Ncogy, 1970). The recently de-
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monstrated significance of bacterial over-
growth 1n the small intestine, in the blind
loop syndrome (Goldstein, Wirts & Kramer,
1961; Donaldson, 1964), and in tropical
sprue (Gorbach, Banwell, Mitra, Chatterjee,
Jacobs & Guha-Mazumder, 1969) suggests a
similar situation in non-specific diarrheas of
childhood.

In our studies marked abnormalities oc-
curred in the fecal flora of children with se-
vere diarrhea, especially a significant reduc-
tion in concentrations of anaerobic bacteria.
Occasionally, anaerobes could not be demons-
trated at the lowest dilution used. Faculta-
tive bacteria could remain at the same level
or increase.

In dysentery due to S. dysenteriae, type 1
(the Shiga bacillus), the indigenous flora is
practically absent, the only bacteria cultured
being Shigella and E. coli, and sometimes
bacteroides. Numbers of bacteria in jectal
contents are of the order of 107 per gram or
even less. In this particular shigellosis, vir-
tually the whole mucosa of the ileum and
large intestine results inflamed and damaged.
A reasonable speculation is that a physiologi-
cally normal mucosa is necessary for the exis-
tence of the ordinary indigenous microflora.
In this regard, children with severe protein-
calorie malnutrition characteristically have ab-
normally large numbers of bacteria in the
stomach, and frequently in the small intesti-
ne. The fecal flora also is significantly altered.

It has been shown that species of indige-
nous bacteria are capable of producing en-
terotoxins (Smith & Halls, 1967) and pre-
senting certain pathogenic properties like Shi-
gella and Salmonelle (Ogawa, Nakamura &
Sakazaki, 1968), of producing significant
amounts of organic acids (Moore, Cato &
Holdeman, 1969), of splitting bile acid con-
jugates (Shimada, Bricknell & Finegold,
1969), and competing with the host for cer-
tain nutrients (Donaldson, 1967). Bioche-
mical capacities of this nature presumably
may be related to the chronic diarrhea and
malabsorption commonly present in malnou-
rished infants.

Accumulating evidence indicates that the
etiology of diarrheal diseases is not to be un-
derstood by a sole effort to demonstrate in-
vading pathogens within the involved intes-
tine. Host nutrition and the characteristics
and interrelations of members of the usual
microflora require consideration.
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