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® Seventy-four New Zealand white rabbit pups were di-
vided into four groups: group 1, 2 days of age {n = 9}; group
H, 3 to 5 days of age (n = 24); group lll, 6 to 8 days of age
(n = 27); and group IV, 10 to 13 days of age (n = 14). Mouth
swabs (MS], rectal swabs {RS), small bowel specimens {SB},
and large bowel specimens (LB} were obtained from each
rabbit, incubated for 24 hours in thioglycolate broth, and
plated on blood agar in aerobic and anaerobic environments.
After 24 hours, growth on blood agar plates were observed.
All MS specimens and all but one RS specimen showed
positive growth. Growth of both LB and SB specimens
increased significantly with age (P < .04). In addition, SB
growth was significantly less than RS or MS growth in
groups 1, 1, and Nl (P < .05). LB growth was significantly less
than RS or MS growth in group | (P < .01) and tended to be
less in groups Il and Il (62.5% v 100% and 93% v 100%,
respectively). These data show that nearly half of normal
rabbits under 6 days of age have sterile small and large
intestines despite almost 100% growth from rectal and
mouth swabs. These findings partially explain the absence of
spontaneous bacterial translocation in young rabbit pups
{under 4 days of age) and have important implications for the
prophylaxis and treatment of neonatal sepsis.
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REVIOUS STUDIES in our laboratory on bac-
terial translocation have shown that normal
neonatal rabbits (4 to 6 days of age) translocate
significantly more than do older rabbits (more than 12
days of age)'; however, very young rabbits (under 4
days of age) did not translocate. Further analysis of
our results showed that many large and small bowel
specimens from rabbits under 1 week of age were
sterile. Because bacteria must be present in the bowel
for bacterial translocation to occur, the sterility of the
bowel specimens explained the lack of bacterial
translocation in the young neonates. This observation
prompted several questions regarding the exact tim-
ing of intestinal colonization in the neonate.
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Little is known about the exact timing of bacterial
colonization of the normal neonatal bowel. Although
several articles have been written about the various
types of bacteria that colonize in the intestines of
infants who are breast-fed, bottle-fed, in the intensive
care unit, delivered vaginally, or delivered by cesar-
ean section,? all the studies used either rectal swabs
(RS) or fecal specimens to isolate and identify bacte-
rial colonization. These studies have shown that
bacterial growth occurs in the rectum or feces of
nearly all neonates within 2 days of birth. Despite the
fact that actual colon and small bowel (SB) specimens
were not evaluated, these studies have led to the
general belief that the intestines are colonized within
48 hours after birth.

In contrast, our observations suggest that neonatal
intestinal colonization occurs later than is generally
believed and that growth from RS or fecal specimens
is not reflective of actual intestinal colonization.
Knowledge of the timing of neonatal bowel coloniza-
tion will have a profound impact on the prevention
and treatment of diseases of the neonate such as
necrotizing enterocolitis and on bacterial transloca-
tion, which may progress to sepsis, multiple-system
organ failure, and death.

MATERIALS AND METHODS

Seventy-four New Zealand White rabbit pups were divided into
four groups based on age. Group I rabbits were 2 days old (n = 9);
group II were 3 to 5 days old {(n = 24); group III were 6 to 8 days
old (n = 27); and group IV were 10 to 13 days old (n = 14). Each
group was raised in the rabbitory and allowed to feed ad libitum
from their mother until the time of delivery to the University of
Michigan’s Unit for Laboratory Medicine (ULAM). All rabbits
were killed within 24 hours of delivery to ULAM and did not
receive any feeding while at ULAM.

The rabbits were sedated with acepromazine (1 mg/kg subcuta-
neously) and ketamine (50 mg/kg intramuscularly). After sedation,
the rabbits were placed supine on the operating table. Rectal and
mouth swabs (MS) were obtained by carefully inserting two sterile
cotton-tipped applicators into the anal canal and oral cavity,
respectively. The swabs were placed into sterile tubes containing 3
mL of thioglycolate broth. This broth allows for growth of both
aerobic and anaerobic bacteria.

After obtaining rectal and mouth swabs, the anterior abdominal
wall was prepared with betadine and sterilely draped. A midline
abdominal incision was made from the xyphoid to the pubis. Using
new gloves and sterile instruments, representative sections of mid
small and large bowel (LB) (approximately 0.5 to 1.0 cm in length)
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were excised. The bowel sections were placed into sterile tubes
containing 3 mL of thioglycolate broth.

All the thioglycolate tubes were incubated at 38°C for 24 hours.
Blood agar media plates were streaked with sterile cotton-tipped
applicators that had been immersed in the incubated broth-
specimen mixture. The plates were placed in both aerobic and
anaerobic enviroriments at 38°C for an additional 24 hours.

The plates were evaluated for the presence of bacterial growth.
Any growth in the swabbed area of the plate was considered
positive. Statistical analysis was performed on the Michigan Termi-
nal System using MIDAS (Statistical Research Laboratory, Univer-
sity of Michigan, Ann Arbor, MI). x° and logistical regression
analysis were used as appropriate. A P value of less than .05 was
considered significant.

Animal welfare policies and standards of the American Associa-
tion for the Accreditation of Laboratory Animal Care were
followed in conjunction with animal experimentation.

RESULTS

Figure 1 shows the linear correlation between
weight and age. Bacterial growth of large and small
bowel specimens increased significantly with both age
and weight. Using regression analysis, age was found
to have a slightly more significant effect than weight
on the number of positive plates.

The percentage of plates with positive growth for
each group and tissue specimen is shown in Table 1.
Total growth, either aerobic or anaerobic, is listed in
the first column. Positive growth on aerobic or anaero-
bic plates is shown in the second and third columns.
There was no significant difference between aerobic
and anaerobic growth in any category.

Figure 2 shows the percentage of positive growth
(either aerobic or anaerobic) for each age group and
tissue specimen. In group 1, there was no bacterial
growth from any LB or SB specimens. This was
significantly different from the growth of RS or MS

300 -
a
I~ 200 4
€
[
=
=
)
L
100 4
o3
B
8 RA2=0.753
0 L) 1§ T 14 ) L] 1
0 2 4 6 8 10 12 14

Age (days)

Fig 1. Linear correlation between weight and age.
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Table 1. Bacterial Growth of Rectal Swabs, Mouth Swabs, Small
Bowel, and Large Bowel

% Growth % Growth
% Total of Aerobic of Anaerobic

Group n Specimen Growth Plates Plates
| 9 RS 89 89 89
MS 100 100 100

SB 0 0 0

LB ¢} 0 ¢}

1l 24 RS 100 100 100
MS 100 100 100

SB 25 21 17

LB 62.5 50 62.5

] 27 RS 100 100 100
MS 100 100 100

SB 37 33 33

LB 93 63 93

[\ 14 RS 100 100 100
MSs 100 100 100

sB 64 50 64

LB 100 100 100

specimens, in which nearly all plates were positive
(89% and 100%, respectively).

Group II and I SB specimens demonstrated 25%
and 37% positive growth, respectively. The SB growth
in these two groups was significantly lower than the
MS or RS growth in either group (100% for each
category). The LB growth in groups II and IIT (62%
and 93%, respectively) was lower than RS or MS
growth (100% for each category); however, this was
not significantly different.

Group IV LB, MS, and RS specimens all had
bacterial growth. Sixty-four percent of SB specimens
from this group also demonstrated growth. Statistical
analysis of growth among different specimens from
this group showed no significant differences.

DISCUSSION

Despite the fact that one of the most common
causes of neonatal death is bacterial sepsis,’ little is
known about the relationship that has developed
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Fig 2. Percentage of growth (aerobic or anaerobic) for each group
and tissue specimen. *P < .05.
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between humans and the 10" microbes that inhabit
their alimentary tracts.® Although these bacteria may
provide some benefit to humans, the intestinal flora
are probably major contributors to the development
of various diseases. The intestinal colonization of
newborns is an essential component in the develop-
ment of necrotizing enterocolitis®; it also allows the
process of bacterial translocation (the extraintestinal
spread of intestinal bacteria) to occur, which may
lead to sepsis, multiple-system organ failure, and
eventually death.10

Most studies of intestinal microflora have been
performed on fecal specimens or RS. These studies
have defined the microbial growth patterns of the
feces and/or rectum, but they do not evaluate the
growth of bacteria in the proximal colon or terminal
ileum. These areas are important because necrotizing
enterocolitis tends to occur in these parts of the
intestine, and bacterial translocation is believed to
proceed across the terminal ileum and/or cecum.!!
Moore et al performed studies on adult animals and
humans to determine whether fecal flora was repre-
sentative of flora activity throughout the colon.!?
They found that the composition of the intestinal
flora remained relatively constant from the ascending
colon to the rectum in adult humans at risk for
cancer. They concluded that in this group of adults,
bacteria in the feces do reflect the flora of the colon.
These studies have not been repeated in neonates.

Although the neonate is sterile until the time of
birth,13 multiple studies have shown that colonization
of the neonatal rectum begins within hours after
birth.314 However, no previous study has evaluated
the colonization of more proximal areas of the bowel
in the neonate. The results of the current study
suggest that RS and/or MS flora are not representa-
tive of the flora of actual bowel specimens, and that
RS and MS demonstrate bacterial growth several
days earlier than the SB or LB specimens.

The reason for the delay in actual bowel specimen
growth as opposed to swab growth was not evaluated
in this study; however, the following are possible
explanations. Perhaps bacteria enter the gastrointes-
tinal tract through the mouth or the colon at the time
of birth and then spread to the mid section of the
intestine. This spread of bacterial colonization may
take from several days to weeks. Our results suggest
that, in rabbits, the bacteria spread to the proximal
colon via the rectum during the first week of life.
Spread of bacteria to the proximal colon from the
rectum in human infants may take longer because of
the increased length of the human colon and rectum.
The SB has an even greater delay in colonization
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(about 2 weeks) and may never have 100% coloniza-
tion. The delay in small intestinal colonization may be
explained by a longer distance from the rectum to the
SB, requiring more time for proximal spread. The
bactericidal effect of gastric acid and/or upper intesti-
nal motility may also explain this delay.

Our results also suggest a mechanism by which very
young neonates protect themselves against bacterial
translocation and the development of diseases such as
neonatal sepsis and necrotizing enterocolitis. This
protection is the absence of bacterial translocation in
neonatal rabbits under 4 days of age, which was noted
in preliminary studies in our laboratory. This absence
results from the absent colonization of the small
intestine and colon in very young rabbits (under 4
days of age). This correlates with the clinical observa-
tion that the onset of necrotizing enterocolitis in
human infants is delayed until 10 to 15 days of age.!
The absence of bacteria in significant areas of the
intestine for the first few days to weeks of life may
result in a protection of the infant against the spread
of bacterial infection from the intestinal tract to other
sites of the body.

If one accepts the theory that mucosal immaturity
is a major contributor to the high incidence of
bacterial translocation in the newborn, then it is
conceivable that there is a “danger period” after this
early protection period. The “danger period” would
begin several days to weeks after birth, when bacterial
colonization has spread to the terminal ileum or
proximal colon, and extend to that time after birth
when the neonatal gut has matured. This theory could
also explain the increased incidence of sepsis and
necrotizing enterocolitis in premature infants.!516
Because the premature infant presumably requires a
longer period after birth until the intestinal mucosal
barrier matures, the danger period and chance of
developing sepsis would be present for a longer
period after birth (Fig 3).
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Fig 3. Proposed time line for risk of bacterial translocation in the
neonate, based on maturation of intestinal barrier versus bacterial
colonization.
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Future studies evaluating the effect of antibiotics,
sterile environment, and/or the presence of specific
types of bacteria are needed to more clearly under-
stand neonatal intestinal colonization. This under-
standing will lead to the development of rational
therapy for the prevention and treatment of neonatal
sepsis.

CONCLUSION

We have shown that, in neonatal rabbits, the
percentage of bacterial growth from actual small and
large bowel specimens is significantly lower than that
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from rectal or mouth swabs. Our results suggest that
the generally held belief that neonates experience
colonization within 24 to 48 hours after birth is not
correct. Instead, bacterial colonization of the proxi-
mal LB or terminal ileum, areas that are important in
the pathogenesis of neonatal sepsis, may be delayed
for several days to weeks after birth. The delay in
bacterial growth in these areas of the intestine may
provide protection for very young neonates against
sepsis, multiple-system organ failure, and death. Fur-
ther studies are needed to determine rational therapy
for the prevention and treatment of neonatal sepsis.
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