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Faecal bacterial flora in cancer of the colon
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SUMMARY Selective aerobic and anaerobic plate media were employed to isolate the predominant
faecal flora of patients with cancer of the colon (CC), cancer with non-gastrointestinal involvement
(NGI), and with non-malignant diseases (N). The CC and N groups did not differ significantly
in either total aerobic or anaerobic counts. The CC group did have a significantly lower anaerobic/
aerobic ratio compared with the N group (2.42 vs. 2.96, p < 0.05). This was the result of a greater
predominance of aerobic bacteria and a decrease in anaerobic cocci, Eubacterium and Fusobacterium
in the CC group. Previous studies report that aerobic organisms have a greater ability to produce
amines than non-spore forming anaerobes. If the intestinal flora can produce carcinogenic nitro-
samines in vivo from amines and nitrites, the aerobic bacterium in the faeces may be of importance
in supplying the amine substrate for nitrosation. The comparison of the NGI group with the N
group showed a significant variation in the total anaerobic count (11.02 vs. 11 -41, p < 0.05) and in
the composition of the faecal flora. This indicates that discretion must be used in analysing the data
obtained from cancer patients, as the presence of a carcinoma may be responsible for changes in
bacterial flora.

The relationship between various environmental
factors and cancer of the colon has received much
attention since epidemiological studies correlated the
incidence of the disease with the degree of economic
development.1 2 The main observable difference
among the populations with varied economic
development has been their dietary pattern. The
hypotheses relating a dietary factor to colon cancer
focus on the enzymatic activity of intestinal bacteria.
The enzymes supposedly activate an ingested
carcinogen, or may produce a carcinogen from
dietary components or intestinal secretions.3

Significant differences have been observed in the
faecal flora and bacterial enzyme activity between
individuals residing in countries with a high in-
cidence of colon cancer and individuals in countries
with low incidence.4 5 This investigation was under-
taken to study groups of subjects within a population
having a high incidence of carcinoma of the colon,
and to observe if similar differences occurred in the
faecal flora composition of control groups compared
with a group with definite colon carcinoma.

Methods

The groups studied consisted of 26 control patients
(N), 17 cancer of the colon patients (CC), and
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20 cancer patients with non-gastrointestinal in-
volvement (NGI). This study was approved by our
hospital Committee on Human Investigation and
informed consent was obtained from all subjects.
The diagnoses of the NGI group of patients con-
sisted of nine lung cancer, seven breast cancer,
and one each of myeloma, ovarian cancer, reticulum
cell sarcoma, and an unknown primary site. The
N and NGI patients were selected to reflect the age
distribution of the CC group. A stool specimen
and medical and dietary histories were obtained on
all patients. Specimens were collected after initial
bowel examinations and before bowel preparation
for surgery. No specimens were taken after the
patient had received a laxative or enema. Because
of the short time interval before surgery, it was
necessary to obtain some specimens by digital
removal of faeces.
The stool specimen obtained from each patient

was transferred to an anaerobic chamber in the
laboratory within 15 minutes of elimination. The
complete sample was homogenised in a Waring
blender and approximately 4 g removed for wet/dry
weight determination and I g for serial dilutions.
The remainder of the sample was freeze-dried for
determination of acid and neutral sterols and is
reported elsewhere.6

Fourteen selective aerobic and anaerobic plate
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Table 1 Aerobic and anaerobic selective plate media

Media Dilutions Primary genus isolated

Aerobic media
Brucella blood agar" 10-5, -6 -7 Total aerobes
Phenyl ethyl alcohol agar lo-6. -6, -7 Streptococci,

staphylococci
Tergitol-7 agar 10-5 -6, -7 Enterobacteria
XLD agar Undiluted Enteric pathogens
Enterococcus M mediag 10- -6, -7 Streptococci

Anaerobic media
WAL-APM media6 10-7, -9, -10 Total anaerobes
Neomycin blood agar10 10-7. -9 -10 Clostridium
Kanamycin-vancomycin

blood agar" 10-5' -7' -9 Bacteroides
Lactobacillus S agar" 10-3 5 -7 Lactobacillus
F-M media 10-6' -7' -9 Fusobacterium
Egg yolk agar" tO-3 -5, -7 Clostridium
Rifampin blood agar' 10-5 -7' -9 Eubacterium
Bifidobacterium medium8 10-7. -, -10 Bifidobacterium
Veillonella neomycin agar" 10-7. -6, -10 Veillonella

media were streaked with appropriate dilutions
using a calibrated loop as indicated in Table 1.
Aerobic plates were incubated for two days at 37°C.
Egg yolk plates were inoculated from dilution
tubes which were heated in a water bath for 10
minutes at 80°C in order to isolate spore producers.
Anaerobic plates were incubated in an anaerobic
chamber from four to seven days.7 The Lactobacillus
plates were incubated in a candle jar at 37°C.
For each of the selective media, colonies with

identical morphology were counted. One isolate
of each colony type was picked for identification
using a magnification of x 3.5. Whenever there
was a suspicion of variation in colonial morphology
all varieties were isolated for identification. Anaero-
bic identifications were made according to the
criteria of Holdeman and Moore, based on cellular
morphology, Gram reaction, biochemical tests, and
analysis of metabolic fermentation end-product.10
Biochemical tests were done using the API 20
Anaerobic System (Analytabs Products, Inc.), in
conjunction with a micro pH probe (Microelect-
rodes, Inc.), to record pH. Aerobic identifications
were made according to conventional methods.
The API 20 E System was employed for identi-
fication of facultative Gram negative bacilli. Final
counts were obtained from correlating the plate
count with colony identification. This permitted
the greatest recovery of organisms.

Student's t test or median test were used to
determine statistical significance and were per-

formed on the logarithmic transformation of the
bacterial counts.1

Results

Total aerobic and anaerobic bacterial counts, the
ratio of the bacterial counts, and the wet/dry ratio

of the faeces in the three groups are shown in Table
2. The total anaerobic mean counts (logl0/g of dry
faeces) of the NGI group differ significantly from
the N group (11-02 vs. 11.41, p<0.05). No significant
variation is observed in the total aerobic mean.
The CC and N groups do not significantly differ
in either total aerobes or anaerobes.
The anaerobic/aerobic ratio was calculated from

plate count totals. The CC group has a significantly
lower anaerobic/aerobic ratio compared with the N
group (2-42 vs 296, P<005), indicating that the
CC patients have a greater predominance of aerobic
bacteria.
During the laboratory work-up of the samples

it was evident that the NGI and CC stools were
usually less formed. The increased moisture content
of the stools indicated by the wet/dry weight ratio
is statistically significant in both groups when
compared with the N group (NGI vs. N, P<005;
CC vs. N, P<001), but not when the CC is com-
pared with the NGI.
The bacteria recovered are placed into categories

in Table 3. For each group the recoveries are listed
as (a) percentage frequency of recovery, (b) re-
covered range of the counts, (c) the mean within
the range. The frequency of recovery of all the
bacterial categories analysed is grossly similar. The
range of the recoveries for each category is very
wide for each patient group. Comparison of the
CC and NGI bacterial categories with those of the
N group indicates decreased recovery of (1)
anaerobic cocci in the CC group (P<0.05) and (2)
Eubacterium in the NGI group (P<001).
The groups of bacteria were subdivided into

their respective genus and species, and the incidence
of recovery, range and mean studied for genus and
species. However, no significant differences were
observed in regard to various organisms among
the patient groups.

Table 2 Characteristics offaeces and bacterial counts
ofnormal (N), non-gastrointestinal cancer controls
(NGI), and colon cancer subjects (CC)*

N NGI CC

Wet dry ratio 3.99±0 23 5 09±0 541 7-53±1.402
Percent H2O 749 80-4 86-7
Total aerobic meant 8-46±0 25 8-80±0t24 8-96±0.21
Total anaerobic meant 11-41±0 10 11-02±0-183 11-36±015
Anaerobic/aerobic ratio 2.96±0-22 2-30±0-23 2.42±020'
Percent aerobes 0-90±0 44 5 30±2.80 220± 1-10
Percent anaerobes 99-10±0-44 94-70±2.80 97-80±1-10

Results reported as mean±standard error.
tLogarithmic transformation of the mean/g dry faeces.
N vs NGI P< 05.
N vs CC P<001.
aN vs NGI P<005.
'N vs CC P<0.05.
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Discussion

The comparison of the predominant faecal flora
of the cancer of the colon patients (CC) and cancer
patients with non-gastrointestinal involvement
(NGI) with control patients (N) yields many interest-
ing trends and some statistically significant results.
As reported by other investigators, we found great
diversity in the composition of the faecal flora
between individual subjects. 12-14

Hill et al. reported that aerobic bacteria are
recovered in greater numbers in stool from subjects
residing in countries exhibiting a low incidence rate
for colon cancer.'5 In high incidence countries
Bacteroides, Bifidobacterium, and Fusobacterium
are more predominant and Lactobacillus, Entero-
cocci and Enterobacteria are less predominant.515
It has been postulated that (1) the stool flora from
subjects in low incidence countries have less bacterial
enzymatic activity for activating or producing
carcinogens and that (2) the diet may be the in-
fluencing factor causing the variation in intestinal
flora and enzyme activity between countries.4

In our study, no differences were observed be-
tween the three groups with respect to dietary
intake of protein, fat, carbohydrates, fibre, choles-
terol, or total calories. All individuals consumed
conventional 'western' type diets.6 The bacterial
counts indicated that similar totals of anaerobic
and aerobic bacteria existed between the CC and
N groups. However, the ratio of anaerobic to
aerobic bacteria of individual subjects indicated
that the aerobic bacteria made up a greater per-
centage of the bacterial flora in the cancer of the
colon patients. This increase in aerobes was produced
by the Enterobacteriaceae family having a higher
percentage of the total flora in the CC group,

while the Eubacterium, Fusobacterium, and
anaerobic cocci had a lower percentage.
The hypothesis that the stool flora of individuals

in high incidence countries have a greater ability
to produce a carcinogen has been advanced by
investigations of bacterial enzymatic reactions. The
anaerobic bacteria can perform in vitro the types of
reactions necessary to produce a carcinogen from
bile acids.'6-'8 Lecithinase negative clostridium,
particularly strains of Clostridium paraputrificum,
are the only bacteria identified in the normal flora
capable of some of the required nuclear dehydro-
genation reactions.19 Hill and Drasar stated that
these organisms are rare in the faeces of people
living in areas with low incidence of colon cancer
but much more common in faeces from people
living in high incidence areas.20 We did not observe
any differences in the frequence of any of the
Clostridium species in the cancer of the colon
group. Other studies comparing high risk to low risk
colon cancer groups also have failed to show
differences in the levels of Clostridium paraputrificum
and related species.2122
Although our data do not support the hypothesis

of a positive correlation between Clostridium,
Bacteroides, and other anaerobes with an increased
risk of colon cancer, our findings are similar to
the results of another study involving the faecal
flora of colon cancer patients. Johnson, in a pre-
liminary investigation on secondary amine pro-
duction by gut bacteria, reported a greater
logarithmic count of aerobic organisms in faecal
specimens obtained from a small sampling of colon
cancer patients before surgery as compared with
control subjects.23 It was also reported that aerobic
bacteria have a greater ability for metabolising
choline to secondary and tertiary amines than do

Table 3 Major categories of bacteria: frequency, range, and mean of recovery

N NGI CC

%F* ranget mean: %F range mean %F range mean

Facultative and aerobic Gram-bacilli 88-5 4-11 8.56 100 0 5-11 8-56 88-2 5-9 8-41
Facultative and aerobic cocci 76-9 5-10 7-38 65-0 4-9 7.95 76-5 5-10 8-38
Facultative and aerobic Gram+bacilli 34-6 4-9 7-11 40-0 4-8 7-41 29-4 6-10 8-15
Anaerobic cocci 50-0 5-11 9-07 65-0 6-11 9-78 41.21 6-11 10-07
Clostridium 88-5 5-11 9-41 100 0 6-11 9-58 88-2 7-12 9-76
Eubacterium 88-5 5-12 10-41 50-02 8-11 10-27 76-5 8-11 10-06
Bifidobacterium 65-4 6-12 10-14 55-0 8-11 9-73 58-8 8-11 9-70
Propionibacterium 11-5 10-11 10-66 15-0 8-10 9-63 0 - -
Bacteroides 96-2 9-12 10-97 90-0 8-11 10-52 100.0 8-12 10-72
Fusobacterium 30-8 9-11 10-25 20-0 9-10 9-72 17-6 8-11 9-91
Lactobacillus 76-9 6-11 7-95 80-0 5-11 8-80 88-2 5-10 7.90
Unidentified Gram+non-sporing bacilli 19-2 8-11 10-08 25-0 8-11 9-38 35-3 9-11 9-96
Unidentified Gram-non-sporing bacilli 30-8 5-11 9.05 10-0 8-11 9-91 23-5 10-11 10-27

*Frequency in percentage.
tRange rounded off to nearest Log1o.
$Logl./g dry weight of faeces.

IN vS CC p<0-05
2 N vs NGI P<0-01
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non-spore forming anaerobes.23 Choline is present
in the gut from the bacterial degradation of choline
phosphoglyceride (lecithin), a major component of
animal fat. The intestinal flora can produce carcino-
genic nitrosamines in vitro by an enzymatic reaction
involving nitrites and secondary amines. The
presence of aerobic bacteria in the colon may be
important if nitrosamines production occurs in vivo.

Dietary fibre has been mentioned as possibly
having a protective effect against colon cancer.2425
The 'western' diet of high incidence countries
contains far less fibre than the diets of low incidence
countries.2 We have previously reported the effects
from fibre supplementation of 'western' diets on
dietary patterns and on faecal bacterial flora.13 26
Individuals who increase their fibre intake usually
decrease their consumption of fat and cholesterol.26
Along with these dietary changes may be a decrease
in the aerobic bacteria of the stool.'3 This raises
the possibility that high fibre diets may influence the
production of nitrosamines by (1) decreasing the
aerobic bacteria population capable of producing
secondary amines and/or (2) decreasing the intake
of animal fat.
Comparing the NGI faecal flora with the N

group also revealed statistically significant differ-
ences. The decrease in the anaerobic count and
Eubacterium recovery may be related to metabolic
changes caused by the presence of cancer. Caution
must be observed when interpreting differences in
cancer patients, as they may be the result, rather
than a causative factor, of the disease. For example,
stool from both the CC and NGI groups had a
higher wet/dry weight ratio, indicating a greater
water content than the control group. Histories
of our colon cancer patients revealed that loose
bowel movements were not common during the
early stages of the disease. Whether this increase
in the water content influenced the flora composition
is not known.
Sampling bias must also be considered when

drawing an inference for the general colon cancer
population from the CC group data. Many pro-
spective colon cancer patients were not used in
this study, as they passed no stool during the few
days available for study between the time of diag-
nosis and preparation for surgery. Therefore, we
were forced to eliminate some of the constipated
cancer patients from our colon cancer group.

Another problem in establishing the relationship
between bacterial flora and an individual's risk
of colon cancer is the natural variation in the normal
faecal flora between individuals. In our study a
much larger sample would be needed to determine
conclusively the existence of statistically significant
variation between our CC and N groups. Un-

fortunately, the procedure for bacterial identification
to the species level involves a great deal of media
and reagent preparation, technician time, and
expense. Because of these factors the qualitative
and quantitative analysis of the intestinal flora may
not be the most efficient method for investigating
the role of bacteria in colon cancer carcinogenesis.
It has been suggested that future investigations of
intestinal bacteria should stress the role of their
metabolism within the host.27 28 Research along
this line has already produced interesting results.
Mastromarino et al. have reported that stools
from colon cancer patients have significantly more
faecal microbial 7x-dehydroxylase than controls.29
Dietary factors have been found to alter bacterial
metabolism. Rats on a meat diet have higher
levels of nitroreductase, azo-reductase, and 3-
glucuronidase activity in the stool than those found
during grain feeding.30 In human volunteers the
effect of a mixed western diet produced higher
3-glucuronidase activity in the stool than when
on a non-meat diet.31 Hill et al. reported that a
greater number of clostridium with steroid nucleus
dehydrogenase are present in the stool from colon
cancer patients than control patients.32

In conclusion, the diversity of bacterial flora
within the groups studied makes it difficult to detect
relationships between intestinal bacteria and colon
cancer. Our results suggest that there are alterations
within the bacterial flora of cancer patients com-
pared with normal subjects. The colon cancer
patients exhibit an increase in aerobic bacteria
shown by the anaerobic/aerobic ratio, and a
decrease in anaerobic cocci, Eubacterium and
Fusobacterium. The results may have clinical
significance in regard to the possible production
of nitrosamines. However, patients with non-
gastrointestinal involvement acting as a control for
the colon cancer patients also showed alterations
in faecal flora compared with the N group, a
decrease in total anaerobic bacteria and Eubact-
erium. This indicates that discretion must be used
in analysing data obtained from cancer patients,
as the presence of a carcinoma or even the emotional
stress33 may be responsible for changes in bacterial
flora.

This study was supported in part by the National
Cancer Institute Grant No. CA-16090. The authors
gratefully acknowledge the technical assistance of
Mrs Edith Russell; Dr C White and Dr R Barnett,
for statistical analysis of data, and Dr H M Fuchs
and R Ramos for specimen collection and gathering
clinical data.
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