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Studies on the indigenous gastrointestinal
flora of Guatemalan children’

Leonardo J. Mata,* D.Sc., Maria L. Mejicanos, B.S., and Franklin Jiménez,® B.S.

The main health problems in Latin Amer-
ica and other less developed regions of the
world derive from inadequate nutrition and
excessive infection. In conjunction, both fac-
tors are the most important forces leading to
malnutrition, hich morbidity rates, and in-
creased mortality (1). In such poor eco-
systems, the newbormn is rapidly exposed to
microbial colontzation in a fashion similar to
that known in industrialized societies (2).
However, differences are observed, inasmuch
as the newborn may have an" altered im-
munologic endowment as a result of intra-
uterine stresses and poor fetal growth, ap-
parently more common in less developed
than in industrialized countres (3). In poor
environments, the child becomes exposed to
negative environmental forces at all stages of
development. In the first place, the food in-
take of the child, adequate in the 1st weeks of
life, due to his being breast-fed almost ex-
cusively, soon becomes insufficient to meet
the demands of the growing child (4). Milk
from malnourishked mothers often is produced
in suboptimal voiume and may be deficlent in
essential components. Supplemental feeding is
definitely inadeguate in most preindustrial so-
cieties and consists of small amounts of foods
of low nutritiomal value, and given under
unhygienic conditions (4-6). Furthermore,
the child is progressively exposed to infection
by undesirable agents (bacterial pathogens,
intestinal parasites, and viruses) often associ-
ated with infectious disease (3, 6, 7).

It becomes extremely difficult, if not im-
possible, to separate the contribution of the
two negative environmental forces, i.e., defi-
cient diet and frequent infection. Therefore,
a practical derivation is to recognize both
interrelated factors-as similarly important in
the genesis of acute and chronic diarrhea,
malabsorption, and finally malnutrition and
deficient growth and dcvelopment (1, 3).

In order to kinow more about these inter-

relationships, observations on the intestinal
flora were begun in 1966 in infants and pre-
school children belonging to an ecosystem of
low socioeconomic conditions, and therefore
characterized by overwhelming infection and
deficient nutrient intakes. Some studies were
made in a typical Guatemalan highland vil-
lage (8), whereas others were in children from
rural and slum areas of Guatemala, admitted
to a metabolic ward with a diagnosis of
diarrhea or severe protein—calorie malnutri-
tion, or both (9). Studies were also made in
hospitalized children and adults from the
same ecosystems, but without malnutrition
or diarrhea (9, 10).

The field and laboratory procedures have
been described before (5, 8-11). Mention
will be made of the bacteriologic methods
used when the findings are described. The
criteria used to diffcrentiate the various bac-
terial groups have bcen described elsewhere
(8-10, 12, 13). Special emphasis was given
to rapid collection, transport, and processing

- of specimens for bacteriological studies. A

field laboratory was established to facilitate
processing of specimens after collection. In
the hospital studies, specimens were proc-
essed within a few minutes of collection (8,
10, 14).

Results

The flora of the healthy individual

Acquisition of bacteria by the breast-fed
newborn. Thirty children were studied lon-
gitudinally during the neonatal period, 12 of
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whom were followed until the first birth-
day. The plate-dilution technique (35) was
employed to count bacteria, and anaerobiosis
was obtained in jars (15, 16). The method did
not dctect concentrations below 10%*/g wet
meconiuvm or feces. The colony counts were
approximated to the nearest log (8).

Bacteria were found in meconium as early
as 4 hr after birth (8). In contrast to the over-
whelming fecal contamination at birth (7),
only few bacterial groups could be demon-
strated 1n significant numbers in the first days
of life. Facultative micrococci, streptococci,
and gram-negative bacilli were more readily
demonstrated than anaerobes in the first few
hours. In the 2nd day of life, almost all in-
fants showed Escherichia coli in concentra-
tions of 10° to 10'!'/g. Anaerobes were de-
tected less frequently than facultatives and
only a few babies had bifidobacternia in the 1st
day of life. By the 2nd day, one-third of the
infants had been colonized by bifidobacteria
that reached concentrations of 10% to 101%/g
(8). The rate of appearance of bifidobacteria
in feces increased with age, and by the end
of the Ist week all had these bacteria in con-
centrations of 10'? to 10%*!/g. The flora ap-
peared firmly established as the dominant
component throughout the neonatal period
and thereafter (8).

Individual children varied in both number
and concentrations of bacteria acquired in
early life. This was evident in the 30 new-
borns studied, and in three pairs of twins re-
cruited in the same village in the last 5 years.
Differences in the kinds of bacteria present
were evident for twins. For example, one
twin definitely had more E. coli and enter-
ococci than did the other. However, simi-
Iarities were found; twins of the same pair
generally appeared colonized on the same
day by the various groups of anaerobes {un-
published observations).

Fecal flora of the breast-fed child

Although there were qualitative and quan-
titative wvariations in fecal flora in the 18
breast-fed children (12 single births and 6
twins) during the 1st year of life, at least
two features were common to all: a) the total
concentration of bacteria was of the order
of 10? to 10'/g feces, a rather constant find-
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TABLE 1!

Fecal bacterial flora of three pairs of twins in
the first 2 years of lifee

Twin Anaerobes Facultatives
302
a 10.9 &= 0.6 (21)® 9.6 = 1.0 (22)*
{9-11)- (6-10)¢
b 10.9 & 0.5 (21) 9.6 & 0.7 (22)
(10-11) (8-10)
304
a 10.7 = 0.7 (20) 9.3 &£ 0.9 (20)
(9-11) (7-10)
b 10.8 &= 0.6 (19) 9.1 £ 1.1 (19)
(9-11) (6-10)
327
a 10.5 £ 0.5 (18) 9.7 &= 0.8 (18)
(I0-11) (9-11)
b 10.9 = 0.3 (18) 9.3 &= 0.8 (18)
(10-11) (8-10)

s Study performed in Santa Maria Cauqué,
Guatemala, 1967 to 1971. ® Mean =+ sp of logi,
bacterial counts; numbers 1n parentheses refer to
the number of specimens examined; specimens
corresponded to periods of health.” ¢ Range of
bacterial counts.

ing during health and most common episodes
of disease; and &) the predominant compo-
nent of the flora consisted almost exclusively
of bifidobacteria.

The similarities in flora among individuals
are illustrated in Table 1 containing the total
bacterial counts for six twins studicd during
the first 2 years of life. Only monthly speci-
mens collected during health were tabulated.
The magnitude of the standard deviations in-
dicate the stability of the bacterial concen-
tration throughout time. This was also the
case when the various bacterial groups were
examined separately, as shown in Table 2, al-
though individual differences were apparent
among infants, twins included. For example,
twin “‘a” in one pair regularly showed veil-
lonellae during the first 32 weeks of life,

- whereas twin “b” did not show this group of

anaerobes at the level of 108/g. The twin in
question became negative for veillonellae, but
was positive again in the 60th and 68th weeks
of life; veillonellae were not cultured there-
after for at least 14 weeks (Fig. 1). The
other twin, not overtly colonized by veillonel-
lae in the first 75 weeks of life, showed this
group of bacteria in significant numbers
(more than 10%/g) for a period of approxi-



1382

TABLE 2

MATA ET AL.

Bacterial groups in feces of three pairs of twins studied in the first 2 years of life»

Twins 302 Twins 303 Twins 327
Group :
a b a b a b

n =22¢ "= 20 A= 18
Bifidobacteria 107 £0.7- 107 0.7 | 104 £ 061106 071108 +0.6:11.0
Bacreroides 102 =06 [ 104 0.5]10.2+1.1{104+06]|10.6x0.5'10.6 0.5
Streptococci 10.1 = 0.8 10.1 = 0.7 9.9 = 0.7 99 £ 0.5{100 0.4 10,4 &£ 0.5
Yeillonellae 9.8 = 0.8 98 +0.7] 96 0.7 10,1 04| 96 =08 '10.4 0.9
Enterococci 8.1 =+ 1.0 7613 7910} 79 x1.2; 84 1.3, 87 x 1.2
Escherichia coli 91 =£1.0 9.3 05| 88 10| 9.2 +08: 9.5 + 0.8 } 87 £ 1.2

e Study performed in Santa Maria Cauqué, Guatemala, 1967 to 1971].
amined; specimens corresponded to periods of health.

® Number of specimens ex-
¢ Mean =+ sb of log,, bacterial counts.
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FsG. 1. Counts of streptococci and veillonellae in a pair of twins during the first 2 years of life, Santa Maria

Cauque, Guatemala, 1967 to 1971.

mately 4 months after the initial 75 weeks
mentioned. It should be pointed out that this
and other bacterial groups probably are
present at all times under normal conditions,
but in low concentrations that preclude their
demonstration under the laboratory condi-
tions employed.

Similar findings were observed regarding
Bacteroides, streptococci, E. coli, and enter-
ococct in this and other pairs of twins (Tables
2 and 3). However, the ratio of concentration
of anaerobes to facultatives remained rather
constant in each pair, as well as the pre-
dominance of anaerobes, for exampie bifido-
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TABLE 3
Frequency of fecal bacterial groups in three pairs of twins in the first 2 years of life«
Lowest Twins 302 Twins 304 Twins 327
conc_entra-
tion
detected a b a b a b
n =22 n=20 n =18

Bifidobacteria 9 O]¢ 91 90 100 83 94
Streptococc: 8 82 73 80 74 94 83
Bacteroides 7 77 73 80 74 94 89
Veillonellae 8 55 50 55 42 94 28
Clostridia |8 9 5 0 11 17 6
Eschericliia coli 6 91 82 100 89 94 100
Enterococci 6 82 82 75 74 83 94

s Study performed in Santa Maria Cauqué, Guatemala, 1967 to 1971,
amined; specimens corresponded to periods of health.

examined.

bacteria and enterobacteniaceae (Tables 1
and 2).

In addition to bifidobactenia, other groups
such as veillonellae, streptococci, and Bac-
teroides were demonstrated, particularly with
increasing age, although their concentrations
during the 1st year of life were usually lower
than those of bifidobacteria. The relative
frequency of the various bacterial groups 1s
presented in Table 4 for 12 infants whose
feces were cultured fortnightly during the 1st
year of life. The results correspond to periods
of good health only (8). Lactobacilli and
clostndia were relatively rare. E. coli, in
concentrations of at lcast 10%, was not com-
mon before 2 months, but after this age, it
was present in concentrations of 10°% to 100,

Changes irnt fecal flora during weaning

Concomitant with the increasing amounts
of supplemental foods provided to the breast-
fed child, a protracted shift of fecal fora from
the almost exclusive bifidobacteria, to that
more typ:cal of the adult was observed with
as many or more Bacteroides than bifidobac-
teria. When the child was fully weaned in the
2nd or 3rd years of life, the flora became very
similar to that of the adult (Table 5) (8).

Acquisition of “undesirable agents”
during weaning

The subtle shift in fecal flora observed with
progressive weaning correlated with the in-
testinal immvasion by enteric pathogenic bac-
teria, parasites, and viruses (3, 6-8). For ex-
ample, weekly stool cultures in children

® Number of specimens ex-
< Percentage of specimens positive in total

TABLE 4

Frequency of bacterial groups in 262 fecal samples
of 12 healthy infants during the first 9
months of ages

Lowest -

conceo | Spetimens | Pescent

detected postitive e
Bifidobacteria g5 258 98.5
Veillonellae 8 157 59.9
Streptococci 8 152 58.0
Bacreroides 7 75 28.6
Lactobaciili 8 27 10.3
Clostridia 8 17 l 6.5
Micrococci 4 255 97.3
Enterobacteriaceae 6 233 ' 88.9
Enterococci 6 184 ‘ 70.2

« Study performed in Santa Maria Cauqué,
Guatemala, 1967 to 1968 (8). * Log,.of bactenal
concentration per gram of wet feces.

studied from birth to 3 years of age (5, 6)
revealed Shigella infections in neonates, likely
originating from early contamination with
maternal feces (17). However, infections dur-
ing the exclusive breast-feeding period were
rare (8, 18), despite the obvious opportunities
for infections._Later, at the end of the 1st
year of life, infections increased, and during
the 2nd year, more than the 10 of all chil-
dren, on the average, were shedding shigellae
(18). Many of these Shigella infections, con-
trary to behavior in well-nourished popu-
lations, were chronic. For example, in a
cohort studied weekly during the first 3 vears
of life, 35% were symptomatically ill for 1
week; 36% lasted at least S weeks; and 19%
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TABLE §
Fecal bacterial flora in breast-fed children and in adults, Santa Maria Cauqué, Guatemala
12 Breast-fed children, age in weeks o 12 2 Ad
Bacterial groap “eza?cl)u;gs 1;3 tou.lstTS
5-8 13-16 21-24 4548 years old yesrs wld
Bifidobacteria 11.1s 11.4 11.6 11.0 10.6 9.4
(31/31)¢ (24/24) (22/23) (13/13) (12/12) (9/12)
Bacteroides 9.6 10.3 10.2 9.9 9.2 10.3
(6/31) (6/24) (11/23) (10/13) (10/12) (12/12)
Total anaerobes 11.5 11.6 11.6 11.2 11.0 10.5
Total acrobes 8.0 8.8 9.2 9.3 9.0 8.8
Rati anacrobes 3160 630 250 7_9 1_0_0 EJ
2HO aerobes 1 1 1 1 1 !
Percent anaerobes in >99.9 >99.8 99.7 98.8 99 98
total

s Average log;q of bacterial counts per gram of wet feces.

b Number of cultures with 10% or more

of the bacterial groups in total number of cultures (8).

at least 9 weeks. In contrast, enteropathogenic
E. coli and Salmonella infections ran the
usual rapid course (8, 18). Certain parasitic
agents like Giardia manifested a similar be-
havior to that of Shigella.

Flora in the stomach and small intestine

In a previous investigation of gastrointesti-
nal biopsies, it was found that the stomach
and smali intestine of the adult were popu-
lated by significant numbers of bacteria (10).
These were mainly anaerobic streptocecci,
lactobacilli, bifidobacteria, Bacteroides, veil-
lonellae, aerobic cocci, and enterobacteria-
ceae. Streptococci were found at all levels;
bifidobactena and Bacreroides were more
typical of the colon. Special histologic
techniques (19) showed bacteria embedded
in the tags of mucus attached to the mucosa,
especially at the tips of villi folds (10).

TABLE 6

Bacterial flora in healthy children from
low socioeconomic level, Guatemala, 1970 to 1972

Metgao;i;nd Chald | Stomach Duodenum Jejunum
Plate 1 107s 102 10¢
(1970) 2 107 105 108
3 107 108 107
4 10¢ 107 103
Roll tube 1 I X 10813 X 10 10¢
(1972) 2 3 X 102 10¢ 108
3 3 X 108 104 3 x 10¢

@ Bacterial count per gram.

Furthermore, four children of the low
socioeconomic strata of Guatemala were in-
tubated using a three-lumen radioopaque
tube (9), permitting collection of aspirates
from stomach, duodenum, and jejunum (10
cm after the ligament of Treitz). Aspirates
obtained after overnight fasting were studied
by the plate dilution technique, revealing
bacterial populations of 10°/ml in the stom-
ach, duodenum, and jejunum (9, 12) (Table
6). One child showed as many as 10%/ml.

Recently, three additional healthy children
were intubated in the same manner, but the
aspirates were collected under anaerobiosis
and were processed using the roll-tube tech-
nique and prereduced media (20, 21). For
quantitation of bacteria, aspirates were di-
luted (10-! 1o 10-") in prereduced peptone-—
yeast (21) using pipettes. Dilutions were in-
oculated in roll tubes containing Schaedler’s
agar, modified (13), and were incubated at
37 C for 3 to 5 days. Colonies were counted:
10 colonies from the highest dilution were
transferred to chopped meat medium (21),
and incubated at 37 C for 6 or 7 days. Sub-
cultures to blood agar were made at 24 hr to
characterize facultatives. All anaerobic
strains were studied for aerotolerance, pu-
rity, and production of organic acids as de-
tected by gas-liquid chromatography (21).
Cultures were grouped in the various genera
on the basis of these tests alone (12, 21).

Few bacteria (10%/ml) were found in the
stomach of one child; the other two had ap-
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proximately 10° bacteria/ml (Table 6). The
bacterial concentration in duodenum varied
from 10° to 105 and in jejunum it was 10%/
ml. I1n the flora of healthy children there was
a predominance of anaerobic genera (Veillo-
nella, Peptococcus, Propionibacterium, Eu-
bacterium, and Fusobacterium). Anaerobes
accounited in two cases for 80% of the total
duodenal bacteria, and for 50% in the third
case. In jejunum, anaerobes represented
100% of the total flora in one child, 70¢% in
another, and 40% in the third child. These
results are in agrcement with previous obser-
vations indicating a varicty of anaerobic
genera, with facultatives virtually limited to
streptococci and gram-negative bacilli, and
in fewer numbers than anaerobes (8, 10).

The flora in disease conditions

General morbidity. The long-term study
of 12 single births during the 1st year of life
permitted an evaluation of the fecal flora in
relation to disease occurrence. No changes in
fecal flora were noted in relation to respira-
tory infections, uncomplicated measles, and
- whooping cough, or in exanthematic dis-
eases or skin infections (12). These results
have been confimed in six twins studied in
the first 2 to 3 years of life.

Mild and moderate diarriica. There were
no chanzes in fecal flora during mild or mod-
erate diarrheal disease, and the total concen-
tration of anaerobes and facultatives was
basically the same before onset, during dis-
ease, and in convalescence. Often, however,
changes were observed consisting in a) de-
crease or absence of bifidobacteria at the di-
lution tested (10-°%), b) occasional prolifera-
tion of streptococci or micrococci to surpass
the concentration of bifidobacteria. and ¢)
substitution of the common Escherichia coli
for—Proteus, Providence, or Pseudomonas
(12).

Severe diarrhea. Regarding severe diarrhea
with dehwvdration, profound alterations of the
fecal flora were revealed when using the
plate-dilution technique. These consisted in a
marked decrease in anaerobes, mainly bifido-
bacteria and Bacteroides (Table 7) (12). A
similar phcnomenon was observed in pa-
tients with shigellosis (12), particularly Shiga
dysentery, a variety characterized by ex-
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TABLE 7

Fecal bacterial flora of I-vear-old breast-fed
children, healthy and with severe diarrheas®

Bacterial group Healthy Diarrheic
n = j0 n =10
Facultative, total 9.2¢ 9.7
(6-10) (8-11)
Anaerobic, 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)

¢ From (12). & Mean of log,;, of bacterial con-
centration per gram of wet feces, range in paren-
theses. < One case had less than 10% anaerobic
bacteria per gram. < Five cases had less than
108 bificobacteria per gram.

tensive inflammation and ulceration of the
mucosa with passage of bloody stools. In
this disease, the anaerobic component de-
creased to levels comparable to those of the
facultative flora, or even lower. Bifidobacteria
were rarely found, whereas £. coli and other
enterobacteriaceae formed the bulk of the
flora (unpublished observations). Shigellae
were present in numbers as high or greater
than thosc of the anaerobic component (Table
8). The administration of an effective drug
to Shiga dysentery paticnts brought prompt
relief after 2 to 3 days, as mecasured by a de-
crease of pain and discomfort, disappearance
of mucus and blood from the stools, and
partial or total correction of the flora abnor-
malities just described. Within 48 hr of ad-
ministration of nalidixic acid, the total fecal
bacterial counts increased, and the concen-
tratron of anaerobes returned to normal levels
(1011/g) (Table 9). Coliforms raised to 105 to
1019 and shigellae were not detected at a
10-% dilution (isolation streak plate). In many
cases, anacrobic bacteria such as veillonellae,
bifidobacteria. streptococci, and lactobacilli
reappeared after treatment, whereas in other
cascs, these common bacterial groups were
not readily cultured for a while. A similar re-
sponse has been noted in other varietics of
shigellosis (unpublished observations). Alter-
ations in fecal flora have been recorded also
during diarrheal bouts in chronic recurrent
shigellosis. Tn such occasions, shigellae also
increasc in numbers (14).



1386

TABLE 8

Fecal flora of Shiga dysentery patients,
Guatemala, 1970

8 Dysenteric 12 Healthy
patients persons
Anaerobes 75 6.1 £ 2.8 1001 10-11¢
(3-10)®
Bifidobacteria 251 2.8 £ 2.1 75 | 10-11
and lacto- (3-8)
bacilli
Bacteroides 50|14.4 &£ 2.6| 100} 10-11
(3-7)
Clostridia 0 40 | 9-10
Streptococci 63 {55 x3.1] 75| 10-11
(3-10)
Veillonellae 0 501 9-10
Facultatives and { 100 { 7.2 = 0.7 851 9-10
aerobes (6-8)
Enterococci 38139+ 2.6 9 7-8
(3-7)
Micrococci 63)3.6+2.6 30| 4-5
(3-6)
Yeasts 0 25 4-6
Coliforms 100 | 7.1 & 0.6 100 | 9-10
(6-€)
Shiga bacillus | 1C0 | 6.8 £ 0.5 0
(6-7)

@ Percentage of cases with at least 103 bacteria
of the particular group per gram or milliliter.
® Mean + sb of log;e bacterial counts; range in
parentheses. < Range.

Protein—calorie malnutrition. A total of 13
children with severe protein—calorie malnu-
trition were studied, and again the plate-dilu-
tron technique was employed (9). The sub-
jects were placed on a diet similar to the one
received 1n their homes for 1 or 2 days. As-
pirates were then obtained from the stomach,
duodenum, and jejunum, after overnight fast-
mg (9). No striking differences were noted in
the total bacterial counts of the stomach
when compared with control children who
were not malnourished. All 13 cases had
bacteria in the duodenum and as many as 107
to 10%/ml in the jejunum, that is, not in ex-
cess of values in controt subjects. However,
significant alterations were noted in the fecal
flora, consisting in proliferation of faculta-
tives (often outnumbering the anaerobes),
frequent absence of bifidobacteria, and colo-
nization with Proteus, Pseudomonas, and
other gram-negative bacilli.

A definite decrease in total bacterial counts

MATA ET AL.

in stomach and small intestine was observed
upon dietary treatment. Also, the inversion of
the ratio anaerobes/facultatives, found in
feces, was corrected (Table 10). The control
children could not be kept in the hospital for
prospective study under similar conditions.
Additional observations were made in four
children with protein—caloric malnutrition
from whom aspirates were collected under
anaerobiosis, for inoculation in prereduced
roll tubes. Again, relatively high counts of
bacteria were found in the duodenum and
jejunum of three children; these were about 1
log higher than those of children from the
same ecosystem, without malnutrition. stud-
ied at the same time and under the same lab-
oratory conditions (Table 11). The other
child was colonized with Candida in the
stomach and small intestine, with no other
microorganism cultured from these sites. It
was notable that in severely malnourished

TABLE 9

Fecal flora of Shiga dysentery patients in
relation to treatment with nalidixic acid,
Guatemala, 1970

Days of treatment
Bacterial Prior to Normal
group treatment flora
Jtos 6 to 10
n=2§ n =6 n = 56
Anaerobes 6.1 10.3 10.2 11
+2.8 +0.5/ =+0.8
Bifidobacteria| 2.8 6.8 6.6 9-11
-+ lacto- +2.1 +3.8 +4.3
bacilli
Bacteroides 4.4 10.0 8.4 9-11
+2.6 +0.6f +3.6
Streptococei | 5.5 8.8 8.0 9
+3.1 +3.4] +3.4
Veillonellae < 2 4.0 3.4 9-11
+3.2] +£3.1
Facuitatives 7.2 8.5 7.8 9-10
+0.7 +0.8] x2.3
Enterococci 3.9 7.7 6.6 6-7
+2.6 +1.00 2.6
Micrococci 3.6 4.8 3.0 4-7
+1.5 +2.7| *1.4
Coliforms 7.1 7.2 4.8 7-10
+0.6 +=1.5f #£3.1
Shiga bacillus) 6.8 <2 <2 <2
+0.5

@ Attrition in samples due to refusal to cooper-
ate. *Mean X spb. < Less than 10° bacteria
per gram or milliliter.
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TABLE 10

Jejunal and fecal flora of three children with
severe PCM during nutritional treatment,
Guatemala, 1970 to 1971

Jejunum Colon
Child number B
Anaer- Facul- ; Anaer- 1 S0
obic tative obic Vive
Upon admission
pPC-222 7a 7 10 10
PC-226 7 5 9 10
PC-24i 6 6 10 11
Stabilization phase
pC223 7 7 11 10
PC-226 6 6 10 9
PC.-241 <2 <2 11 9
Recuperation phase
1
pPC.222 <2 3 11 10
PC-226 6 6 10! 9
PC-241 <2 <2 11 9
Recuperation phase
2
eC.222 3 2 11 10
PC-226 5 4 11 8
PC-241 <2 2 10 9

s Log,, of bacterial counts per milliliter (or
gram) of specimen.

children, fewer groups or gencra of bacteria
were detected in the small bowel than in con-
trols without PCM, and that the small bowel
flora of malnourished children had fewer an-
acrobes and relatively more facultatives. The
genera cultured from the small intestine of
children with protein—caloric malnutrition
were Bacteroides, Lactobacillus, Veillonella,
Propionibacterium, Escherichia, and Klebsi-
ella.

Discussion

The renewed interest in the microbiota in
the last decade has resulted in the accumula-
tion of information (22, 23) which in many
respects, only seems to mark the beginning of
an understanding of the significance of the
flora for the human host. That the intestinal
microbiota, in particular, has important ho-
meostatic functions is a well-accepted con-
cept (24-26). However, much needs to be
learned with regard to its development, asso-
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ciations with mucosal tissues, and its ana-
tomic, physiologic, and immunologic signifi-
cance for the human host. This would appcar
important in terms of application of know-
ledge, particularly in areas where man is ex-
posed to malnutrition and increased infection
with pathogens.

The present paper summarizes long-term
observations made during the last 7 years in
children of low sociocconomic condition,
studied in their ecosystem, and in most in-
stances with minimal intervention. The de-
velopment of the intestinal microflora early
in life, its stability during breast-feeding, and
the striking similaritics among all subjects
became obvious after prospective study of
infants in their first years of life. The fecal
flora of infants was remarkably similar, al-
though difterences were noted even between
twins of the same pair. The gross similaritics
in flora among individuals of the same ecosys-
tem are indicative of the existence of host and
environmental factors (the chemical micro-
environment, diet, and infection with patho-
gens) determining and influencing the com-
position and characteristics of the flora.

It is accepted that the predominant bifido-
bacteria are responsible for the low frequency
of Shigella and other enteropathogens during
breast-feeding (8, 27), probably as a result of
various factors among which bacterial inter-
actions play a role (28). The particular char-
acteristics of human milk (concentration of

TABLE 1}

Bacterial flora in children froma low
socioeconomic level, roll-tube method.
Guatemala, 1971 to 1972

Children Stomach |Duodenum| Jejunum
With protein-, PC 250} 5.1 2.5 5.4
calorie | X 1014 X103 X108
malnutrni-  PC 2521 4.0 107 4.0
tion { X 104 X 107
| PC 256 | 6.7 1.5 1.5
X 10¢ X 108 » 1086
Without pro-i 1 3.0 3.0 10¢
tein-calo- | X105 X 10°
rie malou- | 2 3.0 106 108
trition l x 10
3 3.0 104 3.0
} X 103 X 10#

¢« Count per gram,
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lysozyme and secretory IgA) also appear im-
portant in intestinal resistance (29). Bifido-
bacteria decrease significantly with weaning,
a protracted process in the study area favor-
ing deterioration of nutrition and acquisition
of pathogenic agents. Changes in diet com-
position, the progressive attrition ot “bifidus”
factor and lysozyme, and the increased fre-
quency of pathogenic infection arc likely
related to the subtle shift in the fiora of the
breast-fed child to that more characteristic of
the adult. Gram-negative anacrobes become
more frequent, whereas bifidobacteria de-
crease in numbers, a process accompanicd by
a rise in the rate of diarrheal disease (8§, 11).

The intestinal microflora is in close contact
with the mucosal epithelium. Various Kinds
of bacteria are visualized embedded in the
mucus overtay of the intestinal epithelium of
man (10, 30). The bacteria cultured from
thesc specimens have been the same as those
isolated from the lumen by employing similar
bacteriologic techniques. It is expected that
the flora exerts some influence on host nutri-
tion processes, cell turnover, and maintenance
of the mucusa, although readily stained and/
or cultured bacteria do not form the thick
plaques described in rodents (19, 31). In the
Guatemalan subjects, bacteria were found at
the sites of desquamation of epithelial cells.
and may stimulate shedding, or accumulate
in the tags as a result of the pumping action
of the villi.

It may be expected that alterations in the
flora lead to mucosal abnormalitics; on the
other hand, mucosal lesions alter the micro-
biota. The finding of significant numbers of
bacteria in the small bowel of apparently
healthy.children living in poor environments.
as well as in the small intestine. of children
‘with malabsorption or PCM from the same
ecosystem, suggests that bacteria play a role
in the genesis of these syndromes or in the
maintcnance of the status quo (9). Tt should
be kept in mind that all children studied were
originally breast-fed and underwent a slow
weaning process. During the course of wean-
ing, parasites and pathogenic bacteria gained
entrance and often became established. Many
children were virtually “colonized” by Shi-
gella for weeks or months (3, 18). The acute
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and chronic infection with undesirable agents
1s a source of continuous insult and damage to
the intestinal mucosa and its function. Mal-
nutrition i1s an underlining factor. The sum-
mation of all these stresses appear to be re-
sponsible for the maintenance of an increased
“physiologic™ inflammation of the intestinal
mucosa, so often reported in less developed
socicties (32). With malnutrition, intestinal
motility diminishes, and it is not hard to
visualize the occurrence of bacterial over-
growth with its many complicating cflects
(33, 34). Large numbers of bacteria, particu-
larly entertobacteriaceae, in unusual sites
may aggravate malabsorption in the course of
malnutrition. The action of indigenous bacte-
ria would be through release of entcrotoxin,
splitting of bile acid conjugates, production
ot harmful metabolites, or direct penetration
into the mucosa (9).

On the other hand. more evidence is avail-
able regarding alterations of the flora as a
consequence of damage to the intestinal mu-
cosa. The typical example is shigellosis 1n
which severe mucosal inflammation and ul-
ceration is followed by an almost virtual dis-
appearance of some components of the flora.
This alteration was rapidly corrected by
blocking Shigella activity with an appropriate
drug. Thus, the arrest of Shigella mutiplica-
tion stops the agent-induced phenomena re-
sponsible for the pathogenesis of the disease.

Current evidence shows the unique char-
acteristics of the bacterial flora of breast-fed
infants. the interrelation of flora and diet, the
protective nature of the flora against infec-
tion, and the indispensable need of a healthy
mucosa for the maintenance of a protective
flora. Epidemiologic studies have shown that
deterioration of the nutritional status, changes
in composition of the flora. increased fre-
quency of pathogenic infection, and increased
rate of diarrheal disease are interrelated phe-
nomena. The interplay of all these factors
lead to chronic malabsorption and malnutri-
tion.

Manv questions still require scrutinv. More
knowledge is needed on the role of bacteria
in the nutrition processes, and on the signifi-
cance of individual bacteriai spccies or
groups in terms of mucosal physiology and
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dcfense against infection. The beneficial ef-
fect of bifidobacteria as a predominant flora
in breast-fed babies is rccognized, but it is
not known how these bacteria ceuld be estab-
lished in thec absence of human milk,

These and other questions need investiga-
tion, although it appcars that some solutions
can be proposed on the basis of existing
knowledge. Measures must consider improve-
ment of thc nutritional status and reduction
of the risk of infection. These will not be as
eflective 1f applied independently. How to
implement measures will depend on specific
or particular situations and on the application
of appropriatc knowledge in a rational

way.[q
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