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ABSTRACT

- The numbers of viable bacteria in faeces from healthy
peréqns living in Uganda, India, Japan, America and Britain
have been compared, Faeces from persons in Britain and America
. (where the diets 1nc1uded‘animal and vegetable products)
 contained more bacteroides and bifidobacteria and fewer )
streptococcei, enterobacteria, bacilli, veillcnellae‘ahd fungi
" than did those.from‘persbns in Uganda, India and Japan (where
‘the diets were principally vegetarian). | -

" The numbers of bacteria appeared to be unrelated to the
age, sex or racial origins of the host, and their relationships
‘to diet and environment were not always clear.

Sarcina ventricull, an organism n&t previously repazted
in faeces from healthy adults, was faund in numbers up to 10
per g in faeces from 80 out of 123 persons in India, Uganda,
Japan and strict vegetarians in England, but 1t occurred in
faeces of only one out of 122 persons living on nixed diets
in Britain and America. It is suggested that diet influences
the colonisation of the intestine by sarcinae. | |

Littie evidence was found for direct interaction between
two different organisms, but the counts of streptococci,
entercbacteria, lactobacilli, veillonellae and bacilli were

correlated negatively with the faecal concentrations of
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deoxycholié, 11 thocholic aﬁd cholanic éclds (which‘are formed
'from‘ﬁrimary bile adids'by microbialléctivity) &nd iﬁ is
:'suggested that degraded bile acids may be amongst the factors
~which control these organisms in the intestine-"'
| _ Faeces from persons in sngland, ‘Scotland and America, -
wheré,thé incidencé of colon cancer is high, contained hore
_bacteroidesrand'bifidobacterié (which actively degr&ded biie-‘
sterdids)~than faeces frbm éeééons in,Uganda,:India and Japan,
where the,cancer 1ncidence<19‘ioﬁ, and it is postulated ﬁhat
_ bacteria may be involved in the aetiology Qf'the disease,

- The methods for transporting faeces were validated.



. ACKNOWLEDGEMENTS

I wish to ekpréss my sincerg_thanks'to
Professor ReE<O. Williams for hié xind encduragement and
.gllldance througﬁout this study aﬁd to Pre BeSe Drasar ax;\d
' Dr. MeJ. Hill for stimulating mﬁ 1ntere$t in gut bacteriology
| and for offering much technical advice.

I am 1ndebted to Dr. R. Blowers (at the time Professor of )
_Bacteriology at Makerere University College, Kampala, Uganda),
Professor S.J. Baker (wellcomg Regearch Unit, Christian Medical
’College Hospital, Vellore, India), Dr. Te Shigematsu {Tottorl
University School of Mediclne, Yonago City, Japan),

Dre PeSe Brachman (National Communicable Disease Center,
Atlanta, Georgia), Dr.’ ‘JuGo Collee (University Medical School,
Edinburgh), Dr. F.R. Ellis (Kingstan and Long Grove Hospital,
-Kingston—upoanhames, Surrey), . Professcr I. Macdonald (Guy's
Hospltal, London) and Dr,lI. McLean Balrd (West Mlddlgsex .
Hospi£a1,~ﬂidd1eaax) fc:féollecting the‘faecaligpeclméns.
‘Professcr‘E.A; ﬁawesv(nep$r£ment of Bléchemistfy, University of
Hull) kindly gave me the culture of Sarcina ventricull.' |

I am grateful to Mrs. De Irving for her atatistical
.advice and to Miss R. Wood (of the University of London 'l
Intercollegiate Unit‘1nbﬂedical‘Statlstics)kfor wrltlng the.'



. computer programmes.
Thia study was part of a joint project involving
Dr. MsJ. Hil1, Dr, B.Se Drasar and Dre V.C. Aries and I should
liiké,#q thank all for theif'patient cd-opération.' I also thank
Dre Hil;“fbr-perﬁission»to use his chemical analyses in
secti¢n 3;4h5nd Dre Drasar for permission to usé‘unpublished
'coliaboraﬁi?a results in Tables 15 and 16. Dre ReR. Davies
kindly identified the fungi listed in Table 18.
| Miss R, Scutt, Miss R. Steward, Mr. D. Antebi,
‘Miss P, Ferdéndez and‘Miss K..Joﬁnson all gave valuable
.technical assistance at various timas throughaut the study and
jhtheir help is greatly appreciated._ _ |
| I also acknowledge the Cancer Rasearch Campaign for theix:~

’generous financial support.



- 6 -

CONTENTS .

iNTRODUCTION AND AIMS OF THE PRESENT STUDY ves sean

1. REVIEW OF PREVIOUS WORK

1.1 The intestinal bacteria eee  ses  sis  ese
1.2 The distribution of bacteria in the gastrointestinal
tract .

' The mouth, stomach and small intestine see

‘The large intastine EX T YY) ess svo

The bacterial flora of faeces see  ous

1.3 Pactors influencing microbial growth 1n the
- gastrointestinal tract

The stomach and amall intestine . eew see

The large intestine and faaces cow ove
Effects of age ees = ses ees  ees
Effects Of diet  eee  see - sas  see

Vegetarian dietS = eee - eew  see
- Diets rich in animal protein . cen

High fat diet ..  see  eas ene

Chemically defined, liquid diets ose
Effects of chemical nature of faaces _..a'

' Bile and bile steroids v wee
Inhibitory effects eow see
‘ Stimulatory effects see  eew

Microbial factors - see ses . see

‘ Antagoniseic interactions see ces

_ : Co~-operative interactlons " ess  sew
1.4 Bacteria and the aeticloqy of chronic intestinal

diseases '
vhipple's disease, Crohn's disease and

ulcerative colitis} sve  sss ves oo

Cancer of the large bOW&l “un see see

14

19
20
2l

24

27

28

32

33

33
34
34
36
38

3%
40
a1

.43

45
46



2. - MATERIALS AND METHODS
2.1 Populations studied
' Persons living on normal diets ees  ose
Persons living on special diets

Chemically defined liquid diets coe

Low fat diet see “n-; e aes
Incidence rates for cancer of the large
bowel C eee .uw sve eee ses

262 Bacteriological methods

Preservation and transport of
‘specimens sse  sse soe oo e

Cultivation Of specimens see  eoe  ess
Isolation of non-sporing anaerobes see

Isolation of Clostridium, V@il;onella
and Sarcina spp. ces sse _ ene

Isolation of entercbacteria, fungi and
species of Lactobacillus, Streptococcus

and Bacillus ses ., wes | wew onas
Control of quantitativa bacteriological ,

‘ methods -  esew  ese ro e sew
. Identification of organisms , see  sse

Nonsporing anaerobes ses see  ess

Enterobacteria,- enterococci and

~ Sarcina spp. . cewe ‘fc-o“'obc‘ ees

'2.3 Blochemical methods
Analysis of vulatile acids by gasuliquid

-chromatography see - wee  wwe one
| Chemical analysis of faeces = e oos
. 2.4 Statistical methods o S

" The COMPULErS = = ses  sss  sse  soe

" Presentation of. counts of bacteria in
aach pOpulatian . ees  ese . see see

55

57
58

58

61
62
63

71

72

72
75
78

78

83 -

84
87

88



3.

3.1
3.2

3.3

3.4

3441

black Americans . see  use sne 'Y T quov’:
- Di!Cﬂ5810n : .."‘ uu;  ‘150 ese ;QQW
Effects of diet and environment on the faecal
flora _
Faecal flora of persons living on :
normal cdiets = wsee see ves T ewe one
Bifidobacteria, ‘véoox...'p eee  see
Bacteroldes SPPs sss  sse cses . ams
' Enterobacteria :  ¢¢i‘ o;-" eve ane
*viridans' streptococci and o
QntQEOCOCCi . ‘ews  swe  ese  ase
Streptococcus salivarius | ,} dee  ses
Lactobacillus spp., Clostridium spp. -
Veillonella spp. Bacillﬁs'sppa o  ;.;
Sarcina ventriculi o me ase ves

Comparison of counts of bacteria in different
populations (Student's t-test, the Mann—whitney
test and analysis of vnriances

LA N [ R N ] ) [ X B 2

Linear correlations . ees ses cos oes

Correlation between two variables ...
Construction of large correlation ‘

‘ matrides; ‘ ess  sue  ses cue ses
Partial correlations " ems wees  sse  sas
RESULTS = o | |
Introdﬁction ' | ere v'ooo‘ vee T eew see
Effect of age bn’fhe,faecal flora voe soe

Differences in faecal flora between men and

women . ems ses - ens ses  emns see

Differences in faecal flora between white and

Staphylococci and micracccci ses  wne

Yeastavand“filamentqus.fungiv, ces  aee

88 .
89
89

89
90

93
9 -
110

112°
114

116

119

123

126

129
133

137

142
151 -
155

155



3.4.2  Paecal flora of persons living on special
" diets

,LOW’fat dlet  4ae see soe sew ;o-.

Chemically defined liquid diet = ese  ses.
Starvation followed by a liquid diet .ee

3;4.3‘ _'Effects_of chemical conponents of faaces
o - on the faecal flora see see see oo
Discussion  ees sow sem see YY S

3.5 HiCKODill 1nteractions 1n th& g“t sne  en> see
Discusﬂian ’ S wew 'y vos ‘;o Ty
3.6 Intestinal bacteria and the aetiology of large-

bowel Cﬂﬂcef P sss . see suew “ne sse

: Discussion » vee - ves - ewe eve see

APPENDIX A. The culture media and methods for .
1dent1fying and preserving organisms

" 1. Formulae of the culture media, the glycerol

 broth and the liquid diet ces  eve  wes
2. Presarvation of organisms ese  sas  ees

3. Media and tests for the identification of

organisms see Yy cawn ssw “se . eanm

™ Identification of Sarcina ventriculi eses  wew

APPENDIX B. Validation of the quantitative
' . bacterliological methods ~

1. Simplification of Drasar's anaerobic medium ...

165
165
173

179

190

210
214

217
222

232
236

238

247

251



h,z;'Reprgducibility of ﬁhe media  se. vee

3, Reproducibility of the diluting and plating
o » ‘teChniqge‘ see eoe ese sse ‘

4. Validation of methods for transporting faeces

fRefarencea . eaee. ‘oee jtgdo  ses | evw see

253

255
257

269



- 11l -

INTRODUCTION AND AIMS OF THE PRESENT STUDY .

Each region of the human gastrointestinal tract has‘its

own distinctive anatomy and physiology, ahd these together
encourage or discourage the development and maintenance of
microbial populations. Within broad limits the same species of
micro-organisms are found at all aites but their activities and
‘relative numbers chahgévfrom site to site. Each site will
influence each other: body secretions and bacteria and their
metabolic products’swept b& péiistalsis from proximal sites,
will contribute to the ecology of distal parta. As food ‘
components are digested by gut enzymes and absorbed, the contents
of the gut lumen will change qualitatively and quantitativaly,~
‘<and this will bring about changes in the microbial ecclogy. |
| The laxge 1nteatine is the moat densely populated regicn
in the gastrointaatinal tract, hut ue know little of the
»<factors which control. tha flora in health or in diseaae. | Nb:{?
_ do we fully understand what beneficial or detrimental effects [1 
Mxthese organisma may have on the human host. : Recent studiea ;_
on the 'blinduloop syndrome"* - (see reviews by nonaldson, 1968;
*‘l‘abaqchall, 19703 Gorbach, 1971) show that changes in the =

” distribution and activities of the bacteria within the small

5bowal, can seriously 1mpa1r the health of the host.. Similarly,
' abnormal distributionu or activities of hacterin 1n the large
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' »hcwellcduld‘aléé prcduce<nefarioua resuits - for example,
| ;:bacterial metaholism of nitroganaua substrates, such as
| ~ amino acids or urea, may be important in the pathogenesis of
hepatic coma (Sherlock, 1953~‘ Donaldson, 1968).

N The large intestine of man 1s difficult to sample, and fbr
preliminary studies it seems reasonable to use faecal specimens
to assesa the microbial populations of the large intestine.‘
The faecal flora of persons in North America and Western :
Europe has- been studied by many workera, but that of persons
'living in othér parts of the world has received 1itt1e attention._

This thesis describes the microbial populations of faeces N
from persons living in.Uganda, India, Japan, Britain and
America, and attempts to define some factors ‘which control o
them.  The work is part of a wider stady invnlving |
 Drs. M.Je H1l1l, V.C. Aries and B.S. Drasar, in which we have
attemptad to}find the ways in which human intestinal bacteria
degrade bile salts, and in particular, we have emphasised the
possible formation of carcinogens. These biéchamiga; studies
havé not been my direc£ concern and have been’puhlished ' |
elsewhere (Aries and.Hill, l970a and by Hill, 1971a anﬁ b;' 
Hill and Aries, 1971). We have also attampted to relate the
numbers and aétivities'pf the intestinal bacteria to the
worldwide distribution of cancer of the large bowel in man.
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SECTION 1

. REVIEW OF PREVIOUS WORK
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1.1 THE INTESTINAL BACTERIA

_ The microblal populations within the intestines of man and
‘some animals have been considered by Dubos (1965) and Mata, |
Carrillo and Villatorro (1969) to form two cbmponents-"the first
~is a resident (or autochthanous) component cantaining organisms
‘4which are always present inylarge numbers, whilst the second 15
a transiéﬁtJCOmponent containing’organisms which are present

” in very variable numbers.‘ According to Dubos, organisms in

the second group include enterobacteria, enterococci, spare-
forming.bacilli'and'clostridia.' ,Organisms in the fi;st‘group
~are principally ncnmspotihg anherbbes and’are“now‘congidered to
be the most important components of -the flora. Mahy isolaﬁes
are difficult to grow, identify and preserve, and these yroblems
have ptevanted ready ‘exchange of atrains between laboratoriea.
"Sevaral diverse taxonomic schemes have therafore evclved - for
exanple, Bread, Murray and Smith (1957), Prevot (1956) and :
Beerens and Tuhon~€astel (1965).‘ ‘These have been compared in

a review by Smith and Holdeman (1968) and the same ~workers -

- are currantly attempting to unify the taxoncmic criteria and

| identification methods and so bring order tc chaos (see cato '
et al.,.lQ?O). The different speciea 1solated from human and
animal intéstines have been llsted by Rosebury (1962) apd
Donaldgbn (1§68).
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”3, The Grgg:gg tive. non—sggring anaerobea (bifidobacteria

The Gram-positive, non—sporing anaerobic bacteria of man |

are thought to. belong to four families: Lactobacill ce e,

N COr ab cteriaceae. Progionibactarigpeaa and Actinogxcetaceae.

a&though the family status and the speciation of many organisms

?are still in dispute ~ compare Smith and Holdeman (1968) with
' Cato et et al, (1970) - ~several genera can be defined by their |
'acid endwproducts of glucose fermentation. ' Fermentation

v 'patterns of those genera commonly found in faeces are shown

""ffin Table 1.0 |

't‘ In our survay it was not passible to 1dentify all- Gram-

’ 'poaitiva anaerobes to the genus level -and in thia thesis the

: ttarm 'bifidobacteria' embraces all Gram—positive, atrictly

"fanaerobic nonosporeforming rods.

The Gram~neggtive, non-sgoring anaerobes gbacteroides)

o The Gram—negative anaarobes are no better understood

f,‘fthan the bifidobacteria, and’ ‘their taxmnomy 1a also in flux-
‘The fhmily Bacteroidaceae was divided into three ganera,‘f.“
v.ggct 1das, SEhaeroghorus and Fusobgcterium by Smith- and _
Holdeman in 1968, but 1n 1970 the aame authors (Cato et al.)1 
 comh1ned Sghaeroghorus und Fusobacterium into one qenus 1 

Fusobacterium. In a study using numerical taxnnomy, Barneg_-

| - and Goldberg (1968) vnrified that Sghaeroghorus and
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Table 1. Genera of obli atelr anaerobic nonegporil bacterl
_ (from Eato et gi.. 19705_ ‘

Major volatile acids

Leptotrichia

Gram stain produced from glucose Genus
Proplonic and acetic Proplonibacterlium
. and Arachﬁia
Acetic andllact1C' Bifidobacterium
Gram-positive "y : '
cells present Lactic sole major product | Lactobacillus
Succinic and lacticjy some
acetic and formic 555&9251225
{ Butyric and others;l acetic ' :
and formic; or no major Eubacterium
acids R
Butyric {without much . ‘
iscbutyric and isovaleric) Fusobacterium
Only Grame v
‘negative Lactic only Leptotrichia
cells present
| Not as Fusobacterium or Bacteroides
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Fusobacter;um formed one phenen, which was distinct from the
genus Bacterolides.

Different workers have tried to separate the genera using
differential sensitivity to antibiotics (Finegcld, Miller and
'Posnick,‘lsss; Barnes and Goldberg, 1968), and stimulation of
growth by bile (Beerens et al., 1963; Barnes and Goldberg, 1968;
Shimada, Bricknell and Finegold, 1970). The most useful
| differential test is the detection of the acid products of
"glucose fermentation (Guillaume, Beerens and Osieux, 19563
Barnes and Goldberg, 1968; Cato et al., 1970).  Bacteroides
Vspp, prodﬁce,acet&c, lactic and succinic acids (and sometimes
propionic and 1so-vﬁleric éCida),_whilstvFusahacteriﬁm'spp.
produce predominantly butyric a&id (see Table 1), |

A few species of Bacteroides and FUsobacterigg'ara
relatively well defined, but many isolates cannot be
identified using the present criteria,'and some’cahnot even be
placed in the appropriate genus,. " In this study specific |
identification has not been attempted, and the term 'bacteroides'
includes all strictly anaerobic, G:am~neqativa,nonusporing

rodse.

Sar¢1ng véntriculi
 In the work described in this thesis, Sarcina ventriculi

- was found regularly in faeces from persons in Uganda and India.



- As this organism has never been reported previously in the
intestines of healthy persons, it requires some introduction. -

~ Sarcina ventricull was first observed by Goodsir (1842)
in the stomach contents of a patient with "gastric fermentation",
It was subsequently reported in similar cases and in patients
with pyloeoric ulcera‘or gastric carcinomas'(Smit, 19333
Professor E.A. Dawes, personal communication, 1970)e  In these
patients food 15 withheld for long periods and the sarcinae
multiply, even in the.presence of high gastric acidity.

Sarcina ventriculi was first isolated from the human stomach by
Beijerinck (1911) who showed that it was a strict anaexobe; |

- Beijerinck (1905) had previously shewn that the same organism |
occurred widely 1n the soil.

o There has been considerable confusion in the 11teratura
‘about the taxanomic relatianahips between the aerobic and l/,"v'
anaerobic packet—farming coccl. However, tha ganus gg
'is’now:rest;iatad to the obligately anaerobic,@ram—positive_
cocci which form cubical packets (Kocur and Martinec, 1965;
Canale-Parola, Mandel and Kupfer, 1967), The sarcinae have hgenj
reviewed raéently~hyg¢ana1e«?axolav(1970).' The only'spgciaa
identified in‘thigistudy'was,§g£g§gg_ggg§£§gg;;,y
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1.2 DISTRIBUTION OF BACTERIA IN THE GASTROINTESTINAL TRACT

"The mouth
The human mouth contains very diverse microbial populations,r
| which include obligate anaercbes as well as facultative
organisms. Although most oral organisms can usually be
iéolated from anywhere in‘the mouth, particular sites, such as
tooth surfaces, gingival crevices and the tongue, favour
| particular genera {Hoffman, 19663 Bowden end Hardie, 1971).
,Saliva also supports a varied flbra: ‘viridans' strqptococci
are usually the most numerous memhers (approximately 10 per g

| saliva), but anaerobic organisms, including bacteroides, | |
"‘VEillonellae, bifidobacteria and fuszobacteria are present'1n~;
counts of approximately 104 per g, enterébacteria and | |
'enterococci, which are commonly considered as faecal organisms,;
are aometimes found (Richardson and Jcnes, 1958; 'Rosebury, 1962;4

| Drasar, Shiner and McLeod, 1969),.

' The stomach and small intestine

Tha micrcbial populations of the stomach and upper small
.intestine ‘in fasting healthy persons are xelatively sparse
compared with those of the mouth and consist ptedaminantly of
yeasts and Gram-positive, facultative bacteria in

concentrations up to approximately 103 per nl., fluid
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- {Dellipiani and Girdwood, 1964; Donaldson, McConnell and
Deffner, 1967; Gorbach, Plaut, Nahas and Weinstein, 1967).
Gram-negative organiams are usually absent, but enterobacteria
. and bactercides have occasionally been found (French, 1961;
Kalser et al., 1966; Drasar gt__g_l;., 1969; Hamilton et al.,
1970). TheAnumbers of bacteria generally increase
progressively down the gut so that in the terminal ileum the
total m&y be 10° per g; Gramenegative organisms, including
enterobacteria and bacteroi&es, become numerous components of
the flora, and the relative numbers of thc different groups
approach those found in faeces (Gorbach at al., 1967; Drasar
et al., 1969; ‘Hamilton'ggugip, 1970). The 11teraturé~dascrib1ng
the midrobial'pcpuiatiQns,of the small intestine has been
reviewed by Donaldson (1968) and Gorbach (1971).

The large 1ntestine
The bacterial flora of the proximal large 1ntestine of

healthy adults has been studied little, because of the ‘
*considerable»difficulties in sampling. Gorbach gt al. (1967)
found that caecal contents of healthy persons sampled by tubes

passed orally;‘contained~between'106'4

and 109‘1 bacteria per g,
and Seeliger and Werner (1963) found 107 - 109 bacterta per g in
healthy appendices taken at operation. Unfortunately, |

simultaneous faecal specimens were not examined in either of
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r.these Studies.‘: The bacteEiQI flora of caecal contents and
faeces sampled pos temortem were found to be the same by Haenel
and Miller-Beuthow (1958), William~3mith (1965) also found that
caecal“contéhﬁs and'féécés were the same for 15 different

: speciés of_labbrhtory.animais'éxa@iﬁed immedlately post-moxtem,
and this was confirmed in”duk labq;aﬁcfy for four animal species
»'(Hawkswntth; Drasar and Hill,.lS?l).‘f Therefbre; it is
generally assumedvin the literaturg_that-samples of faeces
 provide ajréééOnable as;éssmeht of the microbial pdpﬁlations

of the large intestines of man»(séé”Haenel, 1970).

The bgcterial flora of faeces o N v

. The bacterial flora of faeces of persons from America and
western Europe has been studied by many workers, but with a few
.exceptions the faecal bacteria of persons l1iving in other parts
of the world is unknown., The work has been reviewed by Rosebury
(1962), Donaldson (1964, 1968) and Drasar (196?$ and that
published since 1967 is summarised in Table 2.

It i3 well established that the predominant organisms in
faeces from Western persons are non-sporing anaerobes. Some
authors élaimifhat~the MOSt numercus organiSms are Bgcteroides
(Mata;gs_gl.,.1969;l Levinson and Kayé; 1969), others
ibifidobactaria'(Bendig,.ﬂaenel ahd Braun, 1968), whilst others

‘have found equal numbers of bifidobacteria and bacterocides
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Table 2. Bacterial flora of faeces from healthy persons

fe )
-1 % s | 3
L i ) aj o - -
d0 G A4 2] | g '*1 g
2 o ; ~ o Y fa
o 43 + o i 1] -
' © ﬁ! ¢ 5 2 - 0 B
Sl e | o s | &8 | ®] g1 & 8
o gm -0 no ol O o o L) o
ke 58| S| E8) R85 | 2| 5| ES
rt?)r-I M -4 £y 0 i 1~ § E Urd 8-—!
No. persons ' |
PR Pt 5 | 265 | 8 25 5 12 8 4 -
Total X ) :
_anaerobes 9.7 . 9.8 9.4 S . - 10.5 | 10-11 B-ll 9.3
Bifidobacteria | 7.1 | 9.4 - 10.5 9.5 9.4 8«11 - -
‘Bacteroides - 9.1 9.4 [10.5 | 9.8 |10.3 | 9-11 | 6-10| 8.9

Enterobacteria | 5.9 | 73 | 7.1 | 6.0 | 8.0 | 8.7 | 4-8 | 5-9 | 6.8

| streptococci 646 | 6a7 | 644 | 4.0 | = - - - | 57
enterococci. - | -] - 3.2 | 6.0 | 7.9 | 7-9 | 2-8 |

Lactobacilli 6.1 | 647 | 8.2 | 4.0 | 4.4 | 8.6 | 5-8 | 39 | 7.9
Clostridia | = | 3.7 | =~ 2.6 | 545 | 9.3 - - | -
Veillonellae | =~ - - | 3.0 - | 9.2 - - -
Bacilli - - 3.8 | = | = | - | - | = - | -
Staphylococcd | 5.6 | 401 | = | 1.1 | 1.7 | 5.0 | - | - | =

Fungt . | 3.2 | 3.9 | - | 1.0 | 2.3 | 4.0 | - - -
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(Drasar et al., 1969; Miller, 1969; Moore, Cato and Holdeman,
1969). It is noteworthy that although the various authors
used different bacteriological techniques, they generally agree

that approximately 1010

viable anaerobes can be recovered from
one gram of faeces, |
In contrast, facultative*ofganisms such as coliforms, _"
lactobacilll and streptococci are found in much lower numbérs
and the counts differ widély.between surveys. ' This variation
can be attributed to the small number,of persons examined in
some surveys, and to the real varlation ;n.couhts of these |

organisms from person to person.
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1.3 FACTORS INFLUENCING MICROBIAL GROWTH

The stomach and small intestine

The‘mictobial populations of the stomach and small
: 1ntest1na_of}healthy persons remain sparse, even though there
are ample nutrients for growth, The reasons for this are not
' fully understood, but gastric‘acidity, intestinal motility,
components of bile and secretory 1mmunoglobu11ns may all be
~ involved. S _

In nermal persons the pH of géétric juice is below 3.5
and inhibits bacterial growth in the stomach. Free
hydrochloric acld is one of ‘the toxic agents (Eartle and
'Harkins, 1925”-, The numbers of viable organisms in gaatric
5 juice dacrease uith 1ncreasing gastric acidity (Gorhach‘gg_g;,,>'
| 1967; Drasar et al., 1969) and in persons with gastric
#tharhydia more organisms are found than in normal persons.

Gastric acidity may also be one factor limiting the : |
microbial pOpulations—in the upper small intestine. Persons
with gastrié aChlorhyﬂxia~usuglly contain more bacteria in
' the upper small intestine than normal persons. Bacteria
passing into the small'ihtestine immediately #fter a meal are
usually removed rapidly in normal persons, but persist much
longer in achlorhydrichr(Drasar.gg_g;,;:1969); ,

Bile may be important in controlling the bacterial



populations in the upper small 1ntestine but evidence in man is
1acking, . It 13 conflictinq that whilst bile tends to inhibit
Gram-positive but not Grnm-negat&ya bacte:1a in vitro‘(stacey and
Webb, '1947), the few bacteria in the uppéé[ small intestine of |
B normal persons are preddminanély Gtam—posith.ré ‘aerobes; Dbile
tolarant organiums, entarobacteria, enterococci and
bacteroides, begin to 1ncrease in numbers only in the terminal
ileum (Drasm: et al,, 1969; Hamj.lton et al., 1970), and by then
'most of the conjugated and some cf the free bile acids will have
"been raabsorbed from the ileum and returned to the enterohepatic
H bile salt pool (Hislop, Hofmann and Schoenfield, 1967). The
effects of bile and bile,salts on the growgh.of intestinal
bacteria in vitro are reviewed below. |
j ‘Intestinal parist&ikis ‘appears tc'Se}important in the
jmechanical removal of bacteria from the 3ma11 intestinea of
monkeys and doga (Dack and Petran, 1934) and rats (Dixnn, 1960)
"’and a similar mechanism may operate in man. Where regions “'
- ef stasis develop in the human small. intestine, due to 1mpa1red
’motility or altered anatomy, a'richer microbial flora may ”
,evolvex enter¢bacteria, bacteroides, clostridia and
-‘enterococci increase to nnmbers approaching thoae found in the
| tarminal ileum. Such bacterial ovargrowth may occur in
44§atiénts with‘diverticulaais (Drasar;and,Shiner, 1969),
Aintestinal obstructions (Bishop and Allcock, 1960), Crohn's
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disease (O'Grady et al,, 1970), or result from surgically
created stagnant loops as in Polya partial gastzectomy (Drasar'
~and Shiner, 1969).. | |

Immunological mechaniéms‘may also be important host defence
mechanisms in the human gastrolntestinal trace.
Immunoglobulins of the class IgA'are the §rédominant'
immunoglobulin species in the nasal, éaétric and intestinal
se&retions and tissues of man (Tomasi and Bienenstock, 1968;
Plaut and Keonil, 1969; Joﬁnsdng 1970), ‘They are dhemically,
~ physically and antigahically disﬁihct from the IgA antibodies of
serum, and have been called secretory antihodies. In the gut,

aecretory antibodies are synthesised lccally 1n the lamina

’ .propia ef the intestinal mucosa; they also occur in bile and

gastric and pancreatic secretions.

| Studies on cholera (Frater, 1962) and polio (Ogra et al.,
1968) suggest that oral administration of antigen may stimulaie.‘
’hatter 1a¢a1 antihody formation than the parenteral routea. and
'1n,pat1en£s,with‘choluri, IgA antibodies are ekcréted in the
faeces (Waldmén;gghgg,;'19?l).»v It is therefore presumed that
'secretory antibodies are fbrmed.against any microworganism
entering the gastrointestinal tract, and they nay. protect the
host tissuea and their indigenaus micrehial populationa against
invasion by exogeneous apecies. - The mechanism by which |

»secretary antibodiea destroy bacteria in the gut is unknown. hut
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both lysoayme and complement may he involved (Adinolphi, Glynn,
' Lindsay and Hilne, 1966). |

" The large intestine &nd faecgs ‘
Machanisms controlling thé microbial populations in the
human large 1ntestine'ara gv&n less well understood thah'thcsé
of the stomach and small intestine. This is due, in part, to

‘the greater difficulties in sﬁmpling from the large intestine and
to the graaﬁer nunber of varisbles likely to influence‘the
richer microbial popﬁlationé;,.»Fnrthér, whilst most attention
h haskqudgsed on the association of hacterial overgrowth in the
 small 1n£éstine with malabsbtptibn disorders, such as theibl;nd
loop syndrome (see reviewa by Donaldson, 1968; Gorbach and
Levitan. 1970; wabacqhali, 1970). there is no chronic disease
'}which is knawn to be caused by an atypical distributian of
bacteria 1n the large 1ntestlne. »“ |

The 1arge 1ntestina pcasesaes some antibacterial ,

mechanisms in common with those in the small gut: 1ysozyme o
| (Floray, 1930) and IgA antibodies (Crabba and Heremans, 966;‘\‘
Tomasi and Bianenstoak, 1968) are found in colonic and rectal
‘mucosa. Monteiro‘g__g;, (1971) have shoun that IgG antibodies
‘are the predominant class of antibodiea in co;anic and rectal
mucosa, but this has to be confirmed. . These ﬁeChaniaﬁs'may

protect tha host from invasion by bactaria at tha tissue



surfaces, but it is not known whether they p;ay any. part in
controlling the numbers and activities of the indigenous bacteria
in the gut lumen, - | | ,.v 'J:: |

It is reascnable to suppose that the factors'govetning
the distribution of bacteria in faéces_may}alao;govarn their
distribution in the large intestine. This section describes
previous surveys designed to find some factars'which'contrdl |

the faecal flora of @an. o

Efgects of agg‘

At birth the human infant 15 colonised hy bacteria from the
énvironment. During the first three days of 1ife the
1nteatina1 flora ccnsists almost entirely of facultative
crganisms ‘such. as lactobacilli, streptococci and.Escherichia coll

016

in counts up to 1 per g; bacteroidea and cloatridia may be

" present in some infants in counts up to 1020 and 10% per ¢
xespectiVely. On the third day bifidobacteria become the
pradcminant compcnents of the flora (Smith and Crabb, 1981: |
Haenel, 1961, 1976). Infants f&d on hreaut~milk may contain‘
fewer bactercides, véillonella, clostridia (Haenel, 1970), |
enterdbacteria and anterococci (Gyllenberg and Roine, 1957) than
:thosa fed on cow'a milk. Other uorkexs have found little :
difference betwuen breastwfed and bottlemfed infants (Smith and

Crabb, 1961; Mata et al., 1969). Haenel 5uggests that breast-‘
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feeding alpne‘is not the determining factor. The effects of
breast-feeding are only pronounced in relatively clean
environmentsy with poor hygiene, the faecal flora of breast-fed
infants approaches that of bottle~fed infants.

The'nuﬁbera of 1uctoba£1111; enterococci and
“enterobacteria may fall gradually during the first year so that
- when the infant is one year old‘the counts may be less than a
 tenth of their level during the first few days of lifej; counts
of entercbacteria and stréptococci in faeces from calves, piglets
and rabbits are high during the first few'days of life but
may fall during subsequent weeks (Smith and Crabb, 1961).

The faecal flora of childreh_aqad 5 months to 6 years in
Alaska (Miller, 1969) and children aged 6-16 years in Germany
(Bendig, Haenel and Braun, 1968) was the same as that of young
adults (Table 3). Behdig and coeworkers could find no
correlation betﬁeen the counts of bacteria and the age or sex
of the children. | |

During’édult life the relative numbers of each of the
different miéro-organiéms may change. Older men and women
carried fewer bifidobacteria and more enterobacteria than did
young adults in Germany (Haenel, 1963) and in America (CGorbach,
Nahas, Lerner and Weinstein, 1967). Older persons also carried
more closﬁridia, streptococci and lactobacilli (Haenel,'1963),
but these results were not confirmed by Gorbach et al. (1967).



Table 3. Faecal flcra of persons of different a es livin on mixed diets
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(mean oglo able count per g aeces.
‘  §endig T : L '
Reference et ale. - Gorbach et al., ;967 : ‘Haenel, 1963
Age 1 616 20-39 | 40-69 | 70-100 | 22 (mean) | 66-88
" No. persons examined 265 60 inall | - - 59 19
Country Germany | U.S.A. U.SeA. | U.S.A. | Germany | Germany
‘Total anaerobes . 9.8 9.3 | 9.8 9.1 9.6 9.6
Bifidobacteria 8.1 7.2 | 7.0 | 5.9 | 9. 9.3P
Baéteboides.sp . 9.4'» | ’ 9;3 9.8 { 9;1 ' - -
Enterobacteria 7.3 6.4 7.6 7.2 | 6.4 749
Streptococci 6.7 5.7 546 5.9 - ’6‘7:“ 8.
enterococel - - - - 5.9 7,82
Lactobacillus spp ¢ 5.3 4.3 “4.9 . " -~
Cotiyolas Lecithimaser) 37 | - - - 1 as | e
Bacillus spp 3.8 - - S -
staphy1a¢o¢c11f' 41 5.2 4.1 | 5.0 | a1 | 43
Yeasts_ R | 3.9 1.8 1.1 k_ 3q3§Av" 4.4 4.3
"Total aerobes 7.6 7.3 8.1 ,:7g9 ‘ 7.0 8.

Signlflcant difference between young and old age-gruups (P‘(Q.GI}

A
b 1on1y 76% of persons carried bifidobacteria
¢ lactobacilli and- streptococci counted as one group
- count not reported
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Tt s dL£ficult ﬁo isolatethe‘éffééts due'tO'a.person’s
- age from those due to dietary, énvironmental and ra¢1a1 factors.
Nevertheless, it is possible to :éébgnise_geﬁefal trends and
it seems éeasbnable to conclude from the literature that afté:,
an infant has been weaned, an ‘:l.ntestinfally flora is established
~which, within broad 1imits, remains stable from childhood to
adult life; as old age approaches, numbers of‘bifidobadteria

decrease and those of enterobacteria and clostridia increase.

Effects of diet _ ,
‘ Interest in the waya in which man's dietary habits
 influence his intestinal bacteria began at the end of last. |
~ century, when it waa qenerally believed that many diseases ware‘
caused by tcxins produced in the intestine by bacteria.
‘Metchnikoff (1903, 19()8) auggeated that toxins could not be |
'u  £ormed if lactobacilli’ were the predominant bacteria in the gut.*'
Bacteriologists therefbre sought diets ta en¢ourage in vive :
growth of 1actebac1111.  Some claimad success, others failure.ﬁ'
‘Their work has been reviewed by Rettger and Cheplin (1921).

The most conclusiva studies were those of Rettger et al. (1935)‘

who showed that thg npmbersAof‘gggtobgcillusnacidoghilus
‘excreted in the f&eces‘COﬁld_be tncreased only by consuming

ﬁiable'lactobacilii;tqqethe: with large amounts of lactose;
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_ after withdrawul of lactose thexapy the numbers of lactobacilli‘
» 'xeturnad to their former level, Failure of the lactobacilli
 to colonise the gut even after such radical measures, provided

V'the first evidence that the human intestinal flora is very
."stable. More recent work has confirmed that feeding lactose

‘daes not increase the numbers of lactobacilli in faeces

(Haenel, 1961).

In the 1950'5 ‘Haenel and his co-workers were the first
ecologists to recogniae the claims of Eggerth and Gagnon (1933)
l»that the most’ numeroua bacteria in faeces were. non-sporing

anaerobes, and they investigated the effects of extreme diets o

.- on the faecal flqragaf man.

Vegetarian diets
Haenel, Mullar~aeuthow and Scheunert (1957) foun& that -

| faeces,fxom eight persons 1n‘G¢rmany who had lived far 14rdaxu
- oh a strict vegetarian diet‘éoﬁt&inéé‘the‘same bacterial flora
as during control periods on mixed diets; bifldobacteria |

' ”uere the most numerous organisms in a11 specimens. ' This was

‘confirmed in pnrt by Haore, Cato and Holdeman (1969) who studied
o 12 teenage American girls living on a vegetarian diet for 10 .
,vweeks.' Three kinds of predominant faecal flora were found -
;one primarily bifidobacteria, another primarily bacteroides and
'the third a mixture of bifidobacteria and bacteroides, after
“the girls had_lived on a mixed d;et for a year, they had fhe_’
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, same predominant flora as they had previously on the vegetarian

E 'diet- ;

Diets rich. 1n animal grotein _ , ‘
Haenel et al. (1957) ‘and Hoffman (1964) found that the

, faecal flora of healthy persons living from 2—11 weeks on diets
containing hiqh levels of animal protein was no different from
that during control periods on normal mixed dietss Haenel et al.‘
‘{~(1957) found thnt in some persona the numbers of colifbrma,
,Veenterococci and 1actobac1111 anreased slightly, but. not
",v,,significantly. |

High fat diet . )
 « All previous workers except Hoffman (1964) heVe neglected

| 8tu¢¥ the wnys in which the dietary fat may influence the
1faeca1 flore. | Hoffman showed that when a healthy volunteer S

-ii‘was fed a high fat diat containinq 252 g fat per day for 81 days._

_the numbers of bifidobacteria and enteracocci decreased whilst

‘those of bacteroiden 1ncreased. The pH of the faeces varied
. from 6 2 to 7.0, and was. the same as during the control period on

‘a mixed diet.,
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Chemicallz defined 113514 diets
A new approach to the study of the microbial ecology of the

a&ult 1ntest1ne was found by w1nitz, Adams. Seedman and Graff
"'(1966) and w1nits et al, (1970) who described a chemically
,defined 11qu:l.d diet ccntaining water—soluble carbohydrates,
:vitamins, amino acids, fats and minerals, designed to be used

'3‘in the place cf conventional foods. The concentration of each

”'component can be varied at will. ~'The diet is claimed to be
absorbed almost completely from the gut and therefore leaves a
very low residue. Winitz et al, (1970) fbund that a liquid
:diat containing glucose as the sole carbohydrate lead to a

wfnecal flora 1n which the total counts, predominantly hacteroidea,

3 per g faeces compared with levels of 109 per g

were only 10
 :whi1st on mixed diats;r coliforma and enterococci were present .

‘A‘in ceunts of 103 to 105 per g whilst bacilli, 1actobac1111,

\H'cluatridia and.yeasta wura raraly found. 1 If aucrosa was

'used in place of glucose. the counts. of bacte:aides were the
same as: the ceunts on a mixed diat, but those of clost:idia..‘

lactobacilli, hacilli and enterococci usually decreased.

Effects of chemical nature of. faeces _ A ‘
The chemical nnture of faeces is vary complex (Table 4)
and some components may affect the microbial populations. The,

L chemical nature is directly and 1ndirect1y 1nf1uenced by diet.
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Table 4. Composition of faeces from healthy persons liﬁing
on mixed diets

"aters 70=-80%
Solids: 20«30%
‘Bacterla: approximately 30% of the solids.

Organic components:
Fatty acids (approx. 18% of the solids)

Long chain: mainly stearic, olelc and palmitic in
" the form of soaps, glycerides or free acids.
Short chain: mainly formic, acetic, iso-butyric,

iso~valeric and caproic.

Bases (approx. 50 mg/g solids):  ammonia, methylamine,
trimethylamine, pyrrolidine, piperidine, cadavérineg
p#tresdine, indole, skatole,

Steroids (approx. 16 mg/g solids) , «
Neutral steroids (approx. 10 mg/g solids): cholesterol,
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"“~D1ract‘effects would be due ébvdiatary cbmpbﬂents; or'their.
:deqraded products, which hnve escaped abaarption from the
intestine.i Indirect effects would be due to those changes in
| gut physiology, 1nc1ud1ng those which result from chnnges in
'  61et. - An 1mportant phyaiological change 18 the fall 1n
concentration of bila acids in the faecea in response to a low 2
| fat diet (Hill, 1971b).;' Hill showad that when healthy persons :
_ 'changed from a mixed diet containinq approximataly 120 g fat
’ fper day, to a mixad diet containing only 30 9 fat per day, the
faecal concantration of bile acids fell ftom 5o 5mTe 5 mg/g to
'-1 Swm2e0 mg/q faeces, and maintainad this low level until a
-  narma1 diet waa resumed; the cholesteral and coprostanol levels
‘in the faeces also fell during a low fat d&et. stnce bile
‘and hile acids affect bacterial qrouth _____Jgg; 1t seems
?:L reaaonable to squeat that they may do BO in vivo.

Bile and bile steraids R o
wf Blle is. a complex mixture of bile salts (conjugates of
- bile acids with taurine or glycine), hile pigments (urobilins),
 ;free choleaterol, fatty acidu and 1norganic ionu (Haslewood, '
i  1967). ~ Oonly tuo blle acids, cholic and chencdaozycholic acids

" are synthasised by the 11var. ; Theue are secreted 1nto the hila

‘a5 salts with taurine or glycine- It is now wall-establisbed» .
7that 1n vivo bile ua1ts can be deconjugatcd by the intestinal
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_bacteria to giva free bile acids and these may be further
degraded (see raviews hy Gray, Nichalson and Quincey. 1968;
AfShimada, Bricknell and ?inegold. 1969). Most of the undegraded
and-degraded bile acids are reahsorbed from the ileum and
ffeturned to thexliéér;to'be again excfeﬁed in the bile;'

‘:  Approximately 10-15% ao circulating escapes into the large

‘f iintestina .and may be furthar degraded hefore reaching the _
(f‘ffaeces {(Gray et _al., 1968).- In a lite:atura suryey‘Haslewood
-‘ (1967) £ound tha£ 31‘ﬁ01§cu1gr;§pécies bfibile;acids haﬂﬁlheen'V
., ropotted 1h“£he'faedés.of ‘healthy human'adults; ~tw6 of these
are the primary acida ‘(cholic and chenodaoxycholic acids) whilst
"}the remainder are formed from them by bacterial activity.
 vs1m11ar1y, biliary cholesteral 1is degradad by qut bacteria
vand the rasultant products, principally caprostanol and |
_ | coprestanone, are axcrated 1n the faccea (Coleman and Baumnn. -
’f 1957; Hill and Arian, 1971). . The waya ‘in which intastinal
bacteria can daqrade bile stercids have been reviewed by
aergstram, Danielsson and Samuelsson (1960), Midtvcdt and
Norman (1967) and Shimada, Bricknell and Pinegold (1969). |
~:Recent work by my colleagues Drs. Hill and Aries has been :
~reported in detail ezsewhare (Aries and Hill. 1970a and bl
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Effects of bile on bacteria

(a) X 1h1tor @ fec
"The toxic effecta of bile towards some bncteria have becn

known since the beginning of the century. Neufeld (1900)
fv':haukd that Sggggtococcg; guﬁumog;ag:ip soluble in bile, vhereas
"other streptococci are not. Weissenbach (1918) showed that

«,1ncorporation of 10% oxubile into broth mediun 1nh1h1tad grouth“

of all streptococci oxncpt enterococci, and Brtgqer (1926)
uted this as the basis of a madium for distinguishinq
B enterococcs from other streptococc;.  Other early uorko:s o
considered only aercbic p;thogins and’ ubowg# that in
kéeﬁgral'biiQINin much more toxic tokerammpoiitivi than to
‘sua—mgauva bacteria "(Leuaon,' 19353 Stacey and Webb, 1947).
The anhibacterial ptopcrtics are duc tn the detergent nction of
; the bile salts, which may act aither by stimulating activity of -
‘nutalytic nnxymas uithin tha calls {Dubos, 19373 Hllson nnd |
Hiles, 1964) or by disaolving soma coaponunts of the Gram-
positivu ccli wtll, tnch as teicholic acids anﬂ palysacchnridal
‘(Hill, 1967)n
; There is little information which of the uany undegradad
:and éeqraded bile storoida or other compaunda ptnsent in uhola
bile are the 1nh1h1tary fhctors. Leifson (1935) fbund that
':‘daoxycholic acid was more toxic thnn whole bile to
53t§phylacoac1, ;traptococci {other than entcxococci)_dnd 
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unapecified Gram-positiva bacilli, but was without effect on
"Gram-negative inteatinal bacilii, Deoxycholic acid (30~,
‘.‘12a~d1hydraxycholanic ncid) 1s much more toxic tawards
: ;gghxloﬁoccus gureus than is cholic acid (Ba-, [ 2 lza-
| trihydrcxycholanic acid) which suggests that the antibacterial

. properties of these hile acids may dcpend on the number and ,
'position of the hydroxyl groups (stacey and Webb, 1947).

- Cholic acid, at ccncentrationa commonly found in human faeces,

‘,1nh1bits lactobacilli but not enterobactaria or enterococci.
- (Floch, Garuhengoran, Diamond and Hersh, 1970).
. The toxicity of deoxycholic acid to ente:obactaria

 13 enhanced by some 1norgan1c compounds, including sodiuﬁ
'phoaphatc nnd sodium chloxide (Allan, Pierce and Pnshley, 1952),
and by sodium salts of some orqanic acids, . aspecially acetic,
}propionic. butyric and citric acids (Liafaon, 1935)s Culture
_medium ccntaining sodium deaxycholat@ and sndium citrate 1nh1bits

B Escherichia cgli but not pecies of Salmonell or ggllg and
 Liefson uscd thia tachnique to isolate these pathegens from .

“faeces.

(b) Stimulatogx effacgg

, The effecta of whale bila on anaarobiﬁ Gramnnegativu
- 1ntest1na1 hacteria have baen utudiad more recently," primarily

u"as a method of clangifying thmse oxganisms. ‘Barnes and
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Goldberg (1968) found ‘that growth cf most strains of |
Bgctaroides spp. (except those of B. melaninogenicum) was
‘stimulated by 10% bile, whereas growth of Fusobacterium spp.
,ahd Sghaerbghorué spp. was not. Beerens et al. (1963)
found that some strains of Bacteroides fragilis had an obligate
‘~:requ1rgment for-an\unidentified growth fac;or present in whole
‘;ox—biié rnd these authdré-suggekte& rhat such organisms should
be. assigned to a new genus, Eggerthella.

There appears to be no 1n£brmation showing how bile affects
:bacterial growrh in’vivo._ Furthermore, only the sparse .
| populations:of'tﬁa upper small intéétiné will be‘aubjecﬁ to the
‘influences of whole bile. 'éactéria‘in the colon will be
subject to only the portion of bile ‘which has escaped
- reabsorption in tha ileum and any bile salts in this mﬁy be
rdeconjugated, dehydroxylated or further degraded.

| Part of this~thesis attempts to find relationships
between the concentrations of bile acids and the microbial

populations in faeces., |

Micrabial factorn l"‘

_ In any natural environment a given micro»organism may
,inhibit the growth of its’ neighbours (by the production of
 tox1ns) or may ntimulate the growth of its neighbours (by the

prodgction of,essential nutrients),,or each organism may simply



-grow inddpendently'of all others. "In'the humah‘intestine, ﬁhere
"thare are very many different speéies of bacteria, the 1nter- o
) ralutionshipa are nucessarily complex, and although it is
. halieved 4n the 11terature ‘that the orqanisms themselves are
1mpertant in controlllng thelr numbers, the evidsncc for thin 1s
vnry scant. When intestinal strains of bacteroides,
“ b1f1dobacter1n, enterobactcria, enterocccci ‘and staphylococci

" are grown together in oontinuaua culture, their relntive numbers
‘approximate to those found in faeces (Collard and Gosling, 1969).
This providas some avidence that many factors responsible for

L the balance of tha intestinnl flora are p:opettien of the

" orqan1smn themaelvus rather ‘than of the human host..-

Cempetitive activitias hatween thu 1ntnut1nal flora wnre
souqht to substantiata Metchnikoff's hypotheuia (1908) that the
.lactobacilli in tha human intextine were capahle of 1nhib1ting
'putrefaativa' bacteria. Torrey ané Kahn (1923) showed , ,
': that g; agctobgcillua acidoghi;ng inhibited proteolysia by,‘
but not the growth of Clostridium sporogenes, ggg_mmz_t__ |
and Cl. botu;inum; the high acidity of the cultura medium  ‘ u
was ahown to ba the 1nh1b1tary factor. Other: workers. have since

“shown that in vitro Le acidophilus also inhibits E. coli |
""‘(Sabi'ne, 1963; 'l‘ramer, 1966), Staghxlococcus gureus (Wheater _ -

.
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Hirsch and Mattrick. 1952) and Candidg ulbicggn (Ybung, Krasner
| andVYUQkofaky, 19&%). The inhibitory agent was prabably lactic
acid, although inhibition of S._sureus might also involve -
'funidentified proteins of low molecular weight (Troller and
Fraxier. 1963). Bigidobactggium bifidus 1nhihits growth of

E, coli and Strggtococcgg faecglig in vitro by the production of
acetic and formic acids; lactic acid 1: also produced but it is
;much less 1nhibitory (Upton, 1929).

The normal bacterial flora in the mammalian intestine

is thought to protect the host against invasion by enteric
pathogens. , Several ntudies have verified this and the early
work has baen reviewad by Roaebury (1962) and Meynell (1963).‘
More recently, Hentgen (1970) has shown that Bacgggoides _"v
fragilis inhibits qrowth of Shigellg flexne:; ; vitro by the.
Aproduction of acetic and propionic acids. ' Othar species of
‘Bacteroides, Prcgionihgcterium and Eub cterium, all numerous
"'componants in the 1ntast1nes of WQstern persons, also produce -

vthese acids and it seems 1ike1y that they too will prevent
‘colonization of the qut by nhigellae. | Enterobacteria also

‘“.produce acctic and 1nctic acids and’ are known to inhibit growth

of shigellae in 21 (ﬁalburt, 1948) and in 1n the mouse
 caecum {Preter, 1962b).'- Production of these acids by the 3

" intestinal flora may ha responsible for the flilura hy speciea
=of Salmonellg, Proteus, Pseudomonas, and Stgghxgococcus to
colonise micc (Meynell, 1963; Miller, 1969).
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Many bacteria produc§ bacteriocins. fhisd’aré'tbxina :

i which inhibit growth of different strains of the same lpecies
hut are non-toxic to those of other species.,‘ The subject. has
>‘,been reviewed extensivaly by Reevau}(lSSS) and Nomura (1967).
The coiicihes of Ekthariehig coli have récéiQQd most attention.
Serotypas of Es coli which nctivuly produce colicines appaar
to prevent. ¢olonisaticn of the human intestina by other.

‘ .,serotypen; wuuk colicine producern parmit other aerotypes
‘ ¢to flourish (Brancha et al., 1963).}'

' Bacteriocins are also praduced by enterococci. ' Those
produced hy strggtaceccus ggecium are true bncteriocina and
1nh1bit only other strains of Str, faecium, but those produced
by g;. faacalis may not be bncteriocins in the strict sense of
- the uord, aince, hesidas 1nhib1t1ng othnr strains of S, faecalis,
rthey alao inhibit Iastohacilli. bacilli, staphylococci ‘and K ‘
-clostridia (Brock, Peacher and Piersan, 1963).

Thcre uppear tc be no rnports of hactatiocinu produced :

‘“by nsnusparing anacrobes.

Co~ogerativa 1n§ergc§§ons ‘ ,
~ An organism may promote gxowth of nnother by aynthesising )
}nutrients, or by craatinq an acidic or annerohic environment

‘favourahla for qrowth.» The co-oparativu effects of orgnnisms,f

uithin the human gut are not known; those of qome,aerobic-;
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‘ §athogens have been‘étudied'ihivitro and»have beeh reviewed
by Rosebury (1962) and by Donaldson (1954, 1968)e |
It must be emphanised that the mutual intaractions of twov~v

. micro-organisms in vitro may not be the same as their
"'interactiona in vivo. Pbr examplu, a strain of strggggcoccus. 
faecalis uhich inhibited Salmonelzu txghimurium on agar culture

 plates, uould not do ‘80 when both organisms were bicontaminants

dn gnotobiotic ‘mice (Wagner and‘Starr. 196?). Therefore one

"_ must extrapolate cautiously from two-component systems in vitro

e  t° the complax acaloqy of the qut.»

| Part Of_th;s thesiﬁ>desctihes_iitémpti‘to show microbial
 interactions within the healthy human intestine. o
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1.4 BACTERIA AND THE AETIOLOGY OF CHRONIC
ESINALDS S
~ Whilst manybacute diseaseslof"the11ntastine are caused
by bacteria, aeveral chronic diseases are stilllof unknown

aetiology. However, evidence 1s now accumulating that bactaria

may be inwolved in some of them.

’Whigglé's‘diseaae, Crohn's disease and ulcerative colitis |
‘whipple'a'disease 15 a rare condition'in whiéh the jejunal
kmucosn becomes invaded by large numhers of rod-shaped bacteria.
Attempts to cultivate the organiam have failed (Sherris, Evans
and Porus, 1 1965), Nevnrtheleaa, most authors agree that a
bacterial infection may he 1mportant in the pathogenesis of
Whipple'a diaaasa since, during antibiotic therapy, the organisms
disappear from the gut wall and the patient recovers (Raberts, |
Thiamann, Knust, Preston and Donaldson, 19?0),_
In Crohn's’ disease any part of the gastro~intest1na1
tract, but especially the ileum, may become 1n£1amed, ulcarated
and eventually obstructed. All attcmpts ‘have failed to isolate
a causative micro-organiam (SChapiro, Ravdin and Johnson, 1939:
.'Law, 1969). | Hownvar, Mitchell and Rees (1970) ahowed that
when homoqenatas of 115;1 or lymph-node tissue trom a patient
with the disease, were injacted into the footpads of mice,

qranulomatous lesions devaloped.which‘nnre similar to‘thoae‘
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- observed in Crohn's disease.‘ The nature of this transmissible
antigen is still unknown, but the possibility of a bacterilal .
'<agent cannot be excluded. ' '

In d search for the cause of ulcerative colitis, evidence
'has.heen:presentad 1n;favour'of hypersensitivity raqct;ons to
dietary proteins (Riderland‘nogller, 1962) and #utoimmune |

. phenomena in which &ntibody ié]produced against the intestinal
. mucosa (Broberger and Pérlmann, 1963). There is also:eviden¢e
a that some bacteria in thejgut; especialiy‘014 sérotypes of

~ Escherichia coll (Perlméhn,,ﬂgmma;strom, Lagercrqntz and

.Gustifssbn, 1965) ahd straina'éf CIOStridium'difficile

(Hafmnarstxom, Perlmann, Gustafsson and Lagercrantz, 1969) possess

a 5vantigens in common with thcse on gut mucosa and 1t seems possible

"that such,organisms could enhance, or~in1t1ate, the production
of anticolon antibodies, '_§ome strains of E, caliiiSoiated
from faecésqu patients with ulcerative colitis, but not those
from healthy controls.-couid alsd ﬁroduce’necrotic iésions when
inoculated into the 1leun of rabbits (Cooke, 1968). Howévnr,v
the role of thase organisms in the pathogenasis of ulcerative |

'colitis in nan is stil} obscure.

~ Cancer of the large bowel ‘ , |
| ' Cancer of the 1arge bowel 1n man is of unknown. aetIOIOQYa

Epidemiolcgical studiea show that it is much more common . 1n ‘
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vNoftﬁ~WastAEuropé and North America than it islin East
 A¥rici;'India, q§§an and_Soutthmericd (Ddil. Payne‘ahd |
;1Watethouse,‘19€6; Doil, 1967, 1969). - The areas with a low
~ incidence of the disease, with ‘the exception of Japan, have
a 1ow standard of living, whilst the high incidence areas have'
a high standard. Theae qeographical differences cannot be
fattrihuted to racial differences since Japanese who migrate

to California retain their low 1ncidance experience, provided
‘they rctain their ors.g:.nax cultural habits; adoption of |
Western habits elther in California (Buell and Dunn, 1965), or in
i Japan (wynder et al., 1969), seems to be associated with a trend

towards a higher 1ncidence of colon cancer, The three racial

: groups in Hawaii differ 4in their incidence of colon cancer as

dp the differant racial groups in South Africa (Doll, 1969).
' Several studies have indicated a possible ralation of colon

cancer to diet - either fat (Wynder and Shigamatsu, 1967), or

- protain (Gregor, Toman and Pruacva, 1969). and the possibility

) that - thase foods contain carcinaqens must be connidered-'

‘ f Dietary differences might also explain the observed differenceg

' of the dizease if the diat detexminad the compositian or the"
metabolic activities of the bacterial flora of the gut,

 especia11y if the bacteria were able to produce carcinogéns

. from food companents or from the intestinal secretions,

' There are few reports 6fjtﬁe conversion of food components
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'lnto carcinbéeﬁi Sy micro-organisms; - beanut'kérnels are
commonly contaminuted with the mould Asper 111us fl vus, which
R praduces aflatoxin, a livur carcinogen (Wtight, 1958); )
cycnsin, a glycoside found in the cycad nut, can be hydéolysed
j_by the intectinal flora of the rat to give the carcinogenic
glycone, methoxyazomethanol (Laqueur and Spats, 1968). | |

: However, there seem: to be no reports of the production of- |
o carcinogenn by gut bacteria from other fbodstuffs or from
natural sacrations. | o .
‘ Some bile acidi are known to be carcinogenic. particularly
f‘deoxycholic acid (Badger et et al., 1940; Cook, Kennaway and
}xennaway, 1940) Which is produced by tha 1ntaatina1 bacteria

' ,'from cholic acid in the bile. Apochollc acid and bis nor A5

;-cholanic acid (Fige 1) are also claimad to be carcinogenic
 _(Lacassagna, nuu-ﬂoi and’ Zadjdela, 1961, 1966) and Dr. Hill 13 |
,_invastigatinq the production of thesa by qut bacteria in this
' 1ahoratory. ‘ Inhoffen (1953) hus revicwad the atructurnl
"nimilarity between. steroids and the polycyclic aromatic

N  carcinogans._ Cook and Haslewood €1933) discussed ways 1n which

,ldaoxycholic acid can be canvnrted chemically, via
\..dahydronorchelene, into 20 mathylchalanthrena, a very potent .
.polycyclic aremntic carcinogen. " An unidantified ‘
‘ lnnterabactarium iaolated from human faeces can convnrt

“f?dehydronorcholene, which 18 not cnrcinoganic, into a carcinogenic,
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- - Fige 1. Bile acids known to be carcinogenic.



BILE ACIDS WHICH HAVE BEEN
COOH

bis nor As cholenic acid

Lacassagne et al, Nature 1966 209 1026

OOH

deoxycholic acid

Cook et al, Nature 1940 145 627
V.Ghiron  Proc. 3™ |nt.Canc.Con. 1939.116

SHOWN TO BE CARCINOGENS

OH
OOH

apc;cholic acid

Lacassagne et al, Nature 1961 190 1007

dehydronorcholene

Druckrey et al, Naturwissenschaften 1941 29 63



}2me£a$oiite (Dtuckrey,'aichﬁe} and Vierthalex, 1541). I£VQQGM‘ 
possibla thercfbre, that some of the many different apecien of
‘,bacteria pzesent in the human 1ntestine, could alone or in
’sequance, convett bile acids or steroids from the diet, into
‘potent carcinogenn. H111 (1971a) ‘has squested some possible
"ways by which the bacteria could achieve this (rig. 2).
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_ Figg‘éo Pcasible'reactibn sequence5far the -
' conversion of cholic acid to polycyclic
aromatic éa:cinaggns by bacteria

(Prom: Hill, 1971a),
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"SECTION 2



Faeces were collected from healthy peraons living on

traditional diets in- Uq:nda, SQuth India and Japan, where the

A incidnnces of larga-howel cancer are low, and England, Scotland

‘~‘and the United States of America, where the incidences are high.

. Foxr additional studian, faecea were collected from healthy

S volunteers living on special diets.

 ' Peraons ivin _on normal fé . . |
| Hbst of the - subjects wera betwaan 20 and 50 yeara of nge .”1
'and there were approximately equal numbers of men and women.:<
’Preciaa dietary detaila of each 1ndividua1 person were not |
generally known. but a11 peraons ate their normal dny to day
dlet. - : 1

 The pnrsons ware chosen 1n aach of the cauntries aa

follows:

UQ&ﬁgai; _Theae were. villaqors from Bantu tribes 1iv1nq 1n the
o  "nyadondc district. ﬂany were mothers accampanying
‘children to the u.n.c. Malnutrition. Clinte in Kampala;“ii‘-‘_
‘others were hospital staff. . Their diet was"
“principally matoke (hoilad manhed bananas), L
 aupp1emanted u1thvcas;avu, m&ize,-b&ans,:ethgr,‘ff

_ vegetables and-taag_[zrhezdiaé was ;haticterisﬁ;cgllg_
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'1f~high in carbohydrate and lou in protain and fat and .
'vcontained little animal matter (H.J.L. Burgeas, 1962;

‘J_ A.P. Burgesa, 1962; Burgass, uarton and ﬁurqesa.

Ihdj.a_: |

1962)-

  Thethdi§ns 1ived in. villages near Vbllare,~50uth‘1ndia,

':and were healthy controls 1n a study of tropical aprue.

.!_They lived on a traditional rice and vagetable diet,
:ffcontaininq almost no animal protein or animal fat._ 

fjHowaver, small amounts,ofvycggtqble Qils, principally :

) Japdﬁ; ii

from ground nuts,'were‘consuméd (Rao'andfaao, 1958).

The Japanese ‘were villagers living 1n sgkaiminato, near

'":v ¥anago. Mout were farmers and hausewivss. All lived

 Eng1gﬁ§:

" on the traditional diet containing :ice, £ruit and

vegatablaa, hut 11ttle meat or fat.

The English persons were nu:ses, atudents and ataff

o at St. Mary's Hospital Hadicnl School, London, mostly

aged 20~40. Some older hospital patienta recently

_‘admihtad to orthopaedic uardn were alsa studled;: nona '

"~ had any known gantro-intestinal disorder nor - was takinq'f

antibiotica. All persons lived on normal, wgstarn_

mixed diets.'

A small qroup uf persons wcte studied uho Iived on
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strict vegetarian (vegan) dlets consisting of fruit,
| vegetabies und nut§ but no animal matter. = They

consumed as much protein and hbre than half the amount

of fat as those people living on mixed dietsj; some

fortified their diet'uith‘the B group of vitahiﬁs
(E111s and Mumford, 1967).

Scotland: These people were all students and staff at Edinburgh
University Hedical‘Schodlg‘ All lived on normal random
Western.mixed‘diat§.>, o

United The Americahu were st&ff at the Center for bisease

States:
' cOntrol, Atlanta, Georgia.‘ White and black groups
were studied; all lived on normal Western mixed diets.
Vbluntaar consumi eci ' diets 

Chemically defined diets ;
 Three healthy male madical studsnts connumed a chemically

defined liquid diet for 10 days. The diet-wus supplied by The
Vivonex Corpoxation, Hountain Viaw. Callfornia, as a powdar
cantaininq eauential and non~ea:antia1 amino acids,vvitamins,
,minerals, carbohydratas and flavourings as shown in Appandix Alg
the fat content of the diet was. only 0.75% (wfw). " The diet is
,claimsd to be nlmoat tatally absorbed - (winitz‘gshg;,. 1970).“
It was dilutad with water and consumed ad libigum. ‘No other



. - 58 =

"_'foods were permitted during the period on. the diat. ‘”

| Faeces were collected from each person during the woek »
- immediately bgfore startinq,thavdiet,-during 10 days on the diet

. and afterwards when a norm@lvdiet was tesumgd;

Low fat diet
The normal Weatern mixed diet contains 100-120 g fat per day.
To find the effecta of the fat on the gut bacteria, a healthy

“'-mule volunteer lived for one month on a diet cantaininq only a0 g

- fat per day. The diet was otherwise a typically normal
.Western mixed diet and was designed by the Dietetic Dapartmant
.of St. Mary's Hospital. | It excluded all fats used for cooking, ;
'» fat from meat. egga, butter, mergar&ne, nuts, milk and cheene.' ’

Skimmed milk and chease made fram skimmed milk wera permitted.v;;'

; _~Fru1t and veqetables were. allowad ad 1ibitum,

Faeces were collacted hefbra starting the diet, during one B
~ month on ‘the diet and after resumption of a normal diet. o
'Igcidance rages for cancer of the large bowel i | "

| ' The repoxted incidence rates for cnncer of the large bowel

-~,"through¢ut the world are not alwaya directly comparahle.‘» This.;e

'i‘mainly due to the differant facilities for diagnosing and

} recording the di;ease. In @aveloping countries wigh 1nadequat§'
”meedidgl services, only moftallty ratea,‘obtained f:om-antbésy |



,‘ "5-9._‘

‘series, are known. Doll (1967, 1969) therefore derived factors
for converting mortality rdtés into incidence ratéa'ahd produced
figures for different countries which were much more comparable.
He found that an age range of. 35-64 gave the mcst comparable o

- data. v whis ranqe includes ages uhere colon cancer is frequent
and excludes ages where the figures are likely to be unralinble.
| Doll's estimatad incidence rates for the disense in Britain,
the United States of America, Uanda, India and Japan are shown
in Table S. The zero figure recordad for Uqandan men aged

‘,,35«64 18 obviously unreliable, especially as the disaase is

recorded for Uqandan men of younger or older age—qroups (Doll,
‘Payne and Waterhouse, 1966), - . | |
Comparable figures hava not. bean published for the incidence 
rates of colonic cancer amonqst Europenn 1mmigrants in Uganda. |
,80wevar, Davis, Knowelden and W1lson (1965) claimed that the
'cancer experience of Europeana in Kampala was similur to that of
Europeans living in Europe. | ”, | " I
- The most reliahle cancar rates published for India are those
' for Bombay (Doll, 1965). - Although this area is remote from .7'
'vellore 1n South India where the subjects of . thia Burvny lived,
there is no reason to helievn that there would be a substantial
 fd1fference between the two areas. | - |
_ Cancer rates have not bnan puhlished for persons living on
‘ strict vegan diets.



pable 5. Populations studied — T
| Incidence of,colon | - ) ’ i

’Annuginszzesgper Number and occupations of _ _
o 100,000 persons persons studied - | hod of | '
Country Y p . S S Diet - - | Method of transporting
| L Aged 35-64 : ' : faeces to London 4

Mean
for men
and
women

Men | Women . Men | Vomen

England (South’ 1 15.8 20.5 | 18 é 29 39 Students and staff at Normal Western mixed | nonej - freshly volded
Metropolitan) * ¢ * e . ; St. Mary's Hospital S ‘ faeces emulsified and_
' . , Medical School; some e . | frozen at «78° or =55°C
hospital patients. - o '

" ( - - - 7 11 Housewives and office 'Vegan' diet containing | sent by post; = specinmens
wcrkers o no animal matter emu%sified and frozen at

Scotland (Edinburgh)| 28.2 | 34,1 | 31,2 20 | 3 Students and staff at Normal. Western mixed ,frozen at .78°C
o : : N Edinburgh University ' B ‘
Medical School.

.Caucasiah .staff at ‘ » " o w ' " v _195%¢
Center for Disease ' : : S
Control, Atlanta

UeSeAs (Atlanta)

(white) 26.6 | 29.6 | 28.1 16 | 6

"} UsSeAe (Atlanta) .

Negro staff at Center " mow o w
(black) . . .

23.6 | 31.9 28'8, 1 11 | for Disease Control,

‘ C Atlanta »

India (Bombay) | 6.6 4.8 57 - S Villagers living near Rice and vegetable ‘ oo "o
o o : Vellore, South India: diet; no meat and o '

controls in a study of little fat

tropical sprue. v

Uganda (Kyadondo) | 0.0 1.2 0.6 9 39 Villagers living in ‘Matoke (boiled mashed 0w n .78%
, ~ , o | Kyadonde region: bananas), vegetables,'- . - '
mothers accompanying . little fat .
children to mal- . B ,
nutrition clinic in
Kampala; hospital
staff S

English immiérants{f"' ‘Normal Western'ﬁixédv v wm o
hospital staff in ' ‘ : . : ,
Kampala - ‘

JapanA(Miyagi)'   S50 4.8 | 4.9 7 10 Villagers near . Yonago° Frult, rice and other " v .196°C
: - o ' ‘ . v S . » mostly farmers and vegetables.  Little = | Ce -
‘| housewlves . v meat and fat

Standardized for age (from Doll, 1969).» »
Quantitative bacteriology available for only 5.
: : , ) 3, : S . -
All samples emulsified 1 in 10 in 10% glycerol broth before freezing. Suspensions were kept frozen at ~55° ;
until - cultiva.tion,—unlegs -stated otherwise, . — S e —————

' Suspensions stored at -78 C until cultivations - - —- - - -
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2.2 nAc'rr:Ron.ocICAL METHODS

‘Preservgtion and Egansggrt of faeccs
: Since most of the npecimens had- to be carried considatable
diétances to the Wright«Pleming Institute, a prenorvation
~ system had to be used that would patmit neitherfthé death'nar the
multiplication of any bacteria present, The method dencribed by
'Drasar, Shiner and McLeod (1969) was therefore adopted.

“ Samples of freshly voided faeces were diluted 1 1n10 4n 3
meat 1nfusion broth {(Lab-Lemco, Oxbid) containing 10% glycenol,
emulsifieﬁ aarefully using a sterile swab stick and frozen in
dry-ice (~78°C) or liquid nitrogen («196°C).  Preliminary
experiments showed that bacteria survived withbﬁt'significant‘
losses when specimens of faeceaiwn:e‘atérgd ﬁndé: these
v’cbnditiohs for one month (the evidence is praséﬁteg in
 Appendix 34), ‘Eot fielﬁvntudies thqiSusneﬁsibns'wa;e placed
'e;ther in screw-capped p?.aatic botﬁlé_s (Henley ‘Hevdi"cai Suppl:_les)
‘packnd”in dry-ice inaidg,vncuum,fldiki. é: in polyp:opylane  }
¢ontr1fuqe‘tuhes (Hmasuring.and s&iegﬁific Equipﬁent)‘immersed-in
liquid nitrogen in a pbrtubla iiquid'nitxcgan':af&igerator
(Union Carhida), and flown to London.,'?Specimens were stored in-
drymice or in a refrigerator at -55 ¢ and examinad within one
manth.' | S

wWhen shorter distnnces were involvad, specimens of untreated
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faécesfwnre Sentito the igbornt&ry’hy pdst_énd:diiuted and frozen
in'glyceroi'hroth 1mmcdiite1y on arrival.  with the,exéebtion,
-of the entarcbacﬁeria,vnone of the counts af'any gﬁoup of o
bacteria changcd siqnificantly. provided the transit time in the
past aia not exceed 24 br (see Appendix B4),. '

Cultivation of sgecimena B
It 1s well establishad that the most numercus hacteria

present in the fneces of haalthy human adulta are non-sporing .
anaerabes, and many of them are aenaitive to prolonged euposure '
to oxygen (smith and Holdeman, 1968; Moore, Cato and Holdeman,
,1969‘ Cato at al., 1970). when these organisms are
cultivated by convuntional taﬁhniquea they are necessarily
exposed to oxygen diasolvad in tha diluenta and cultuxa media.i
| In quantitative wnrk. the npreading of specimens on the aurface
 of agar plates ta 1solate sinqle bacteria, considerably enhancas -
~ the lethal effects. . Therefore, to recover the maxdium posaible -
number of viable cells it is advinable to use techniques which
minimize their expoaura to air. | ,
| Hunqata (1950) descxibad a method for cultivating hithy
voxygenasannitiva bacteria fram the bovine :umen; media were o
preparad, dispensed into tubes and inoculated undnr a stream: of -
'i‘ozyqen-frne nitrogen in such a way that the media and the L
-organigms were never ‘exposed to the uirg Althouqh thisvappro§¢h
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*has many advantages over conventional techniques, it has -
rconsiderable manipulatory difficulties, and these make the
technique cumberscme for routine ‘use.

Socransky, MacDonald and Sawyer (1959) overcame these
aifficulties by constructing an anaercbic cabinet for the surface
cultivation of Tregonema microdentium. ~ Various kinds of
oxygen-free cabinets have since been described for 1solating

‘anaerobic bacteria from human faeces (Drasar, 1967b), from the’
"mouse caecum (Lee, Gordon and Dubos, . 1968; Aranki, Syed, Kenney
and Frater, 1969), and from rumen flu:l.d (Hobson and Mann, 1970). |
‘Drasar's technique, with minor modifications, was used for the

‘ preaent study.:

Isolation of non»sagring anaerohas
(a) The anaerobic cabinet |

The anaerobic cabinet was built by Drasar (1967b) and
'conslated of a gas-tight, perspex, glove~box filled with oxygenm
"free'nitrogan containing 5% carbon di9x1de (Fige 3)e g ggs—
;tight airlock enablad material fo‘help&ssed to'§hd-from the;x;

. cabinet without disturbing ‘the anae:obic qtmbsphere within.  }

To Pprepare the cabinat far use. tﬁe qugén was‘remcvedrby‘burning"
a spirit‘lamp w&thin-it and ‘at the*shhg'time flushing 1t:with

20 litres per min. oxygen-free nitrogén containing 10% égrbon’
4dioxide.» 4The residual traces of‘oiygengln’the‘éﬁbinetﬁdn& ahy



- G4 -

. Fig.*ﬂ;'The»anaefébic cpbinét. within the body

| | af the‘cahinet caﬁ be seen two phoﬁog:aphiC»
,warmingvplaﬁes,for‘drying plates; The
airlock contains a converted milking
machine-pail,lwﬁich is used in place of a
'conventibnal anaerobic jar.

(From: - Drasar and Crowther, 1971)
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further traces diffusing inté the sjatqm,from‘ﬁhe:external
envitonmént, were kemoved by cohtinuouslf recycling the cabinet's
‘atmosphere-thfouqh a'deoxyéenatinq column (Fige 4), | |
The column was constructed by Drasar (1967) along lines

' described by Moore (1966) and consisted of an inner Pyrex glass
tube filled with copper wire and heated to 400°C by a 210 watt
electrical heating tape woﬁnd,round it; the whole was 1nsulatgd—
hyﬂan outer Pyrex glass tube. When‘qabAfrom the cablnet was |
o pumped through the inner tube, any oxygen p#esent‘readi1yA |
combinad with the hot copper wire; the effluent'gas was
thexeforevccﬁpletaly frae from oxy§an'and was returned to the
cabinet. After;approximaﬁsly'S_months of u$e the column was

reactivated by passing hydrogen through it.

£b) Préggggtion of agaerbhic‘media and‘ailgggt |
The pr&nciple of Drasar's method was ta prepare the culture
| medium and diluent in an oxygen»frea state before they were |
autaclaved. « Hedium was transferred to the cabinet, and
culture plates were poured, dried and inoculated in a completely
- anaerobic environment. | A

The constituents 6f the medium ware placed in a serum bottle*i
closed with a well fitting cap and put in a hoiling water~bath-
The dissolvnd oxygen in the medium was reNOVQd by a stream of

oxygen-free pitrogen pasacd into the bottla by means of
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The gas circuit. . The gas mixture (90%
'}nitragen aﬁd:ioﬁ'carbon_dioxide).is

deoxygenated before being passed into the

' cabinet. The atmosphere within the

- cabinet is continuously recirculated

‘through a deoxygenating column.
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hypodermic needles inserted through the cap. When all the.‘ 
, sozids hnd dissolvad the needles were removnd, the bottles
'autoclaved, and tran:ferrnd<to the cabinet for use. . For the
dilueht; Bkasar used the same medium without the agar, prepared
.’”6 deoxygenated in the namn wny. ' -
‘Although this method of preparat&on ensures that the oxygen
is completely removed from the meﬂia,-it‘has the diaadvantage
of;bainq very-sléw; fresh materials have to be preparéd
 immediately before use and the time taken to do this
neceasarily limits the number of specimens which can be
examined on any one day. Therefore, to 1ncrease the efficiency
of Drasar's cultivation proaedure without any loss of
raliability, the methad was aimylified hy using raheatad media
in canjuncticn with the anaarobic cahinet. ,
Reinforced clostridiai agar (RCA) {Oxoid) was fartified with
1% llvu: digest (Oxoid), the pR adjusted to 7.5 and filled into

o bottlea to qm a minimum air-gap; aftm:' autoclavlng at 115°

for 20 min. the final pH was 7e3. , The ceps were screwad down

and the agar ﬁtored. Brain—heart 1nfuaion brcth (Onoid)

,'containing 0. 05% cysteine hydrochloride was useﬁ as the diluent:
“the proth was ndjustad to pH 7.3 and autoclavad as. abava.‘

2 When required for use bottles of aqar er diluent were staamed for

| -one haur with the caps 1oose, the caps being tightenad

1mmed1ate1y en removal from tha steamer, nnd transfarred to the |



-Mcabinet for uses Agak piatas were poured.‘allowed‘to set and

'_dried by inverting them over two 150 watt photographic warming

= -dishes (Photax) placed inside the cubinet. .
- Culture plates prepared from renented agar were equally

‘effactlve in recova:&ng fastidious anaarchic bacteria from faeces

B au those prepared uaing Drasar's oriqinal method {see Appendix Bl

Howaver, the survival of the fautidious anaerches on either medium
\5was often very poar; by the time colanies of the slower growing

_’"cells had develaped, those of the faster growers were already

N dying. ' When 10% horsewblaod was added to the agar (within
5anaerobic cabinet) more cclonies could he subaultured. The

' blood was not deoxyqanated before use.4 Reinforced  ’ l

‘;‘clostridial agar fortified with 1% livar digest and 10% hoxse—

_jblood was therefare used thraughaut the present survey.

(c) Inoculation and incubatian of Rlates
The diluent was dispansed 1nto tubas in the cabinet angd

‘f'10~fb1d serial dilutions of faeaes were prepnred using weight—
calibrated pipattes. ’ 0.10 ml of suapensibn was spread onta |
' the aurface of each plate and the plates ware transferred to a

“_stainlassasteel milking-machine churn (Fullwead Bland & Cos)y

’ :1p1aced in the airlock. ‘The churn was usad in place of a

‘J;ccnvuntional anaerohe jar as suggested by Schaedler, Dubas :

o ,and Costallo {1965) and ‘was fitted with a vacuum-tight 144,
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" vacuum tap, a platinum cold catalyst (D' catalyst, Engelhard
Industries) and'a methylene blue ghaeropic indicator. jTﬁe.éhu:n
vﬁas‘eVaéuated;before beinQ'placed in the airiock.‘ Ohvremovil
from the airlock, the atmosphere within the churn was twice
-fraplnced by a gas mixture containing 80% nitrogen, 10% hydrogen ‘

' and 10% carbon dioxide, and incubated at 37°C for four days.

Isolation of Clostridium, Veillonella and Sarcigg SpPe

Whilst the non-sporing anaerobic bacteria require demanding

techniques for their quantitativa recovery, zpecies of
Clostridium, Veillonella and Sarcina, also. obligate anaerobas,'

are more oxygen tolerant and can be counted using conventional

'“anaazobic techniques.

- Spacies of Clostridium and cigg form heat-resistant

- _spores and can be 1solated from faeces using simple heating

‘"techniquea. Besidea destraying all vegetative cells present,‘_

‘ hent—trentment has the additional benefit of ahocking the Spores.'
" and so allows bettar germination of some apecies (Freame and |
 >?1tzpatr1ck, 19715 ‘Hobbs, Williams and w11113,v1971).v Serial
dilutions of faeces were heated fbr 10 min,. 1n a waterubath

at 70° C. 0.10 ml of each dilution was spread onto freshly
"prepared infusion agar containing 1actose, neutral red and
 egg~yo1k (willis and Hobbs' mediun without antibiotics) (Willis _'
- and Hobbs, 1959) and incubated anaerobically. ‘Colonies of
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sarcinae could readily be distinguished from those of clostridia
and aerobic spore—bearing hncilli.' Sarcinae formed pale yollow
coloniaa which were 2-4 mm in diameter and were usually
'surrounded by a yellow halo in the medium. All colonies uere
axamined micrascopically and subcultured aerobically and
‘anaerobically. | ‘, }
. Veillonella spp. do not form spores, and some ' of the
lostrgdium SPPs which show lecthinase activity (such as
i 1, gggfrgngens) do 80 only occasionally. . They were counted
using ‘conventional media and techniqpes (Table 6)e : Platés
 were freshly poured, or stored anaerabically until needed, and
‘~incubated anaerobically 1mmediate1y after 1nocu1ation.
COlonics were Gram-stained and subculturad aarobically and :
anaarobically. o :

A saries of eight convanticnal, selective and non-selective‘

_vmedia were used to caunt eight hroad groups of micro-aerophilic g
B ;and facultatively anaerobic hacteria, yeasts and moulds known _“
to be. present in human faeces. These media are liated in

Table 6 togethar with details af their use

. Control of gguntit&tive Bactériolagicaifmethods | ,
As it was impossible to find a suitable method to control
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Table 6. Media for the isolation of intestinal bacteria

. Incubation of

 -§0‘

. Medium! ,%—-—4———2£2£§§ﬁfiagée - Organism,t- Notes, sources and{referencesa‘v
' ' Atmosphere! (days) | | . _ , ‘v ~
Reinforced ‘ ‘Bacteroldes spp; , 'Oxoidbwith l%yliver-digest and
clostridial agar An 4 Bifidobacteria 10% horse blocod. pH adjusted
(RCA) ' : : "to 7.5=0.1 before autoclaving.
Plates poured, dried and
‘inoculated in cabinet. .
-Rogcsa'é agarzA(V) " An 4 VEilloﬁella SpPe Rogosa et als (1958)
Tomato jul:e agar2 An 1 Sarcina SpPe Gxoid. pH ad;usted to 7.0,
willis & Hobbs' agar2 An 4 Clostridia (lecithinaseqpositive) willis and Hobbs (1959)
. B S _ Neomycin SO p.g/ml.
‘willis & Hobbs' agar2 An 1 Clostridia (lecithinase-pasitive Ingculun heated for 10 min. at
: : and -negative) : 707C. No antlbiotics.
Sarcina spp.
Azide agar 0 1 Enterococci _ “Schéedlef et ale (1965)
Blood agar 0 1 Total aerobes; ‘'viridans' |
: E 'streptococci - o
M&cConkey‘s Agary 0. jl_‘ : Enterobacteria, enterococci Oxoid -
}A.Maﬁnitol salt Agar o 3 Staphylococei and micrococci" 1v: Oxoid. Incubate 39 C. ,
’ Rag¢sa' A,ar (L) 90% Cozi 3 Lactobacillus spp. ‘fRogosa et al. (1951)
Sabouraud'’s Agar_ 0 iSlv ‘:Yeasts, filamentous fﬁngi . Chloramghenicol 40 pg/
- S ' o , T duglicates 1ncnbatad 37 C and
5 Agar ,0" 2 'Stfeg.~salivarius‘“ Lilliams and Hirsch (1950)
“utrient agar 0 1 .v Bacillﬁs spp. | 'Ingrulum haatpd fer 10 min. at
- aerobic
anaerobic

formulae and’ details of preparatian are glven in Appendix Al,
plates used freshly poured or stored anaerobically before use.




the quantitative bacteriology during the survey, “the following
’preoautions were taken. - The anaerobic,cabinet was alwaye used
to help :ecoverothe delicate anaeroheo, and all manipulations,
\1nc1udih§ the”ooéparotion of serial dilutions aod‘iooculotion |
of platos, were carried out by the same porson using the same
1techniques throughout. - Samplea of faeces from English people
were included whon each batch of specimens from other countries
was cultivatad. | |
| Further suppliea of each medium had to be prepared from time
to time, sometimes by different persons, ‘and minor fluctuations
in formulation, or those oausod by autocluving or storing, o
might produce errors in counting. However, ‘preliminary tasts_
found no significant variations 1n tho viable oounts of § S
organisms recovered from faecea on different batches of any of
- the convantional media tested (see Appendix 52); on the otho;}
hand, the strictly anaerohic and nutritionally exaoting
"Bacteroidgs group (but not the Bifidobacter_i_um gx'oup) aLd show |
significant variation in counts (P(L0.0S) on different batohes

“jjof Oxoid reinforced clostridial agar (fortified with liver

digest and horso—blood) inoculated in the anaerobic oabinet.;
o The quantitativn hacteriological methods have boen
validated in Appendix B. ' K o |



Identification of organisma
After incubation, ‘colonies of each recognisable type were

~countgd at a suitable dilution on each medium. Two colonies
of every type weré.subcultured from most spéciméqa for
1dantif1cation‘nnd atarugag in the case of the ggctenoidun,and
Bifiggbacterium groups, five colcnica were pickad. The
isolates were placed in broad groups based on the following

crlteriaz

: Bifidobacterium group" Gramaposltlve dna@réhic;‘non—sporing rods
or cacco~bacillary forms} catalase«negative oerositivn;
some strains are highly plecmorphic; célls ghbwing true

branching (Y and V forms) are common.

»fBacteroides‘géouétfiaram—naéative,van;arabic,»nan#sporing rqgs;
' soma[strainsvahow‘blpolg; staining; féatalaaefneqative;
plaombrphism 1# common but délls'with true brdnChing

(Y forms) are rare.

. Same colonies of the Bifidobgcterium and Bacteroides groups
are difficult to distinguish on non¢aelectiVQ media. Their '

" numbers were therefore estimatad by multiplying the total plate o
count by the'proportion of Gram-positive {or Gramnnegative)

:‘organisms found in smears of 20 colonias pickad strictly at

»rnndom.
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Enterobacteria: Gram-negative, catalase~positive rods,

producing typical colonies on MacConkey's agar. Two
strains were 1solnted from most specimens and identified

as described below.

Stfeptococcii v
' 'viridans',streptococci: Gram~positive, catalase—neqaéive
o cocci growing aerbbically on blood agar.
Streptococcus salivarius: Gram«pbsiﬁive, catalase-negative
cocdi producing mucoid colonies on sucrosé agar but
notkgroﬁing on MacConkey'#.ngaﬁ.

“énterococciz: Grahhpésitivé,'cht&lase;negative cocci
producing white or pale blue colonies on methylene
blue agar containing sodium azide (Schaedler, Dubos
and Costella, 1965) and red colonies on MacConkey's
agar; isolates were further 1dentified as shown

halaw;

Lactobaclllus spp.. Gram-positive, catalaseunegativa rods

growing at pH 5.4 in an atmosphere of 90% carbon dioxida and
10% airy . this group wns not subdivided.

“Clostridium spp.z Gramapositiva, catalase»negative anaerobic |

rods, oft&n forming spores. Lo ‘ N
“Lecithinasenpositiva group: those clostridia producing
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diffuaibla opalescence when qrown on a medium

contnininq eggeyolk (Willis and Hobb:' medium). The‘»

group 1nc1udea only CIngggdium g.rfringeng, |
 Cl. bigma;g_m, Cl, sordellii and Cl. novyi type C.
‘Ledithihaqefnegativé groups those_dlb#iridia produ#ing
~no or only non-diffusible opulesc&ncc when grown on
"willil ahﬁ‘ﬁobbs"agar;‘ the group contains all the -
| remaining spacias of Clostridium.

Veillonells spp.z anaerobic cocci, usually Gram-neqative. but
. sometimes showinq nlight Gram-positivity; cqtalase—poaitive

or -negutivu..

‘ ggcillus 8PPt Gram—positive, catalase—poaitiva, aerobic rods
o farming sporas resistant to heatinq at 70 for 10 mins,

Saccina vantriculis cbligately nnaerobic, Grammpositive,
cataluseunagativa cocci. forming cubical packats of aight;C
| forms spores rasistant tm heating at 70° for 10 min.
'  Straina wera identified as deacribed in Appandix Aé.“

,Staphylocccci and micrococciz Gramnposltivu; catglageepcgitivefw
cocci qrowing on mnnnitol-aalt-agar; no attempt was made
aubdivida this qzoup. ‘ ’ | )

| _Fnh9£:, Organisms growing aerobically in three days on "
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' Sabouraud's ager containing 40 uq/hl chloramphenicols

. Yeasts: Unicellular Gram~posit1vn organisms dividing“
by budding or fiasion.
Filamentous fUngix Organlsms showinq true mycelial
gkbwth. Duplicate platas were 1ncubated at 22°
 and 37°%, | | |

Identificgtian of nnn»sggring angargbea o )
Some of the ohligately anaerobic non=sporing rods were

1dent1fiad using a modification of the saheme deviaed by .

. Cato et al. (1970)._ ‘These wnrkers augqested that within either'
the Gram-positivu or Gramnnegative groups, the genera could be  ;
}separgted by‘the nnture of the volatile fatty acids produced

“from glucose“(?éblefii. Genara @f tha Gram-negativa annerobes

were dividad into spacics on the basia of conventional tests

such as 1ndole prodnction, gelatin hydrolyzis ‘and the -

| _production of acid from carbohydrntas (!able 7)e " The

analyhical methods ta detect tha valatile fatty acids produced
' ﬁ'from glucose are descrihed in 5action 3.3.,; netails of the _‘

- _‘convantional teats are givnn in Appendix AB.

dentificagion of ggg antetobgcterig

The enterobacteria were divided 1nto the Escherichia,
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© ) v
" r & g
Test o 0 ] ot
o w i E 0
] -l £ £
oz NI - I N
Ul v a3 [
Hle o 5 o -
o [ » »
b P @ o 0
Gelatinase - - v - W
Indole production v - - - -
Acid from:
glucose + + + + +
lactose +* v + + +
sucrose + + A4 + +
maltose + + v + *
fructose + P + + +
mannose + + + + +*
mannitol - - - + -
glycerol - ~ - - -
arabinose v - v + -
- xylose + - + + w
Aesculin hydrolysis + + + +
Nitrate reduction - - - - -
Key: + 90% or more positive
- 90% or more negative
w weak reaction
v

different biochemical types
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‘Arizona, Citrobacter, Klehsiella, éggobacter, Hafnia and Proteus
f‘groupa using a simplificution of the scheme of Cdwards and Ewing '
L (1952) (Table 8)., ‘The media and tests used are described in
Appendix A3, |

‘ fIdéntlfication of the enterococci
| The enterococci ware. identified as Stragtncoccus faecium,
ggg ;ggaliu or as belonqing to the Str. bovis/S gga equinu
“ 1group using the criteria shown in Tahle 9; the media and methods
':shown in Appendix A3, o

'   Identification of Sarcigg SPPe

 Most strains of sarcinae isolated from faeces conld not
“be praserved for detailed examination. Some remained viable
and were cempured with a known straln of SQECina ventriculi as
described in Appendix A4. All Gramnpositiva, anaarobic cocct
‘showing the same culturai appanrances as those of . S= ventriculi,

- were presumptivuly identified as S. vantriculi. ,
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Table 8¢ Differentiation of the Entercbacterisceae 1

o
S 8
o é d p | g
p: o | O L | B | 81 o
] . U ~ + +): o '
1 gra | Yl el .l
ol | ola| 'vle Al | Al oAl 1@
al | 4| Ole| Elo| <5 | «s| 2| &
Indole + - - - - - - -
Methyl red + * + - - a + +
Vogese . .
Proskauer = - = M + a d -
Citrate - + + + + d d d
. - or |- or
Urease - - - (+) (+) (+) - +
gé§Wth in - - + |+ + + + +
Gelatin | :
liquefaction| ~ (+) I P (+) B
Gas from
glucose + + + + + + d +
| +or|+or| . |=or _
lactose + % < + + (+) x
sucrose | d - d R + + X +
mannitol + + | + o+ . * + -
dulcitol 4 - a | a - - - -
' ., |+ or {(e)
salictn S R I B R 2 I B
adonitol - - - * d - - -
inositol - - ~xor + - + - -
1 from Edwards and Ewing (1962)
+ 90% or more positive
- 90% or more negative
(+) delayed positive reaction -
x late and irregularly positive
d different biochemical types
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' mable 9, Differentiastion of the enterococci 1

| Taﬁe 2 '4 B .- Streptococcus
- | faecalis K faecium = bovis  equinus

ggggth.qn HacCcnkey's . + + +
| Growth on potassium . - - -
“tellurite agar }

Hydrdlyaisvof arginine . e - -

Reduction of | . o o v -
tetrazoliumn :

1 Adapted;from-Bgrﬁeq (l95é)fand ﬁeibei'(1964)‘
'2 The media qnd'ﬁethodgsa#e‘gléan'iﬁ*éppeqdix A3
+ 90% or mora positive - AR
'7l'90% or more. nagativn

'v, d1fferant biochemical types



| 2.3 axmm:mons
TAnalxpis of volatile. gcids bx ga i&ligg;d chromatography
| . The volatile products of glucose metabolism (ethanol and

' the low molecular wuiqht‘fatty acids) were detected usinq gasf |
 "11qdid thoﬁataqraphy'alénq'11n§k described by Cato et al. (1970\

~ The gas-liggid chromateragh
This was an isothermal '104' Series Chromatograph, fitted

" with a flame~1oniaation detector (Pye Instruments, Cambridge).

It was fitted with a 5 ft. glass column packed with |
f'Diatomita €' which had been treated with phusphoric acid and
:'impreqnated with 10% polyethylane glycol. The cperating
| temperature was 125 C and the carrier gaa was oxyganufrce .
".,nitrogan pussed through ‘at 30 ml per mine Responses were
‘frecerdod on a ‘Servoscribe' pen recorder (Smiths Industries).
| Analzsia og ethggol and volntilg fattz acids
N 4 ml of a 4 day culture 1n basal medium containing 1%
5 91ucoae (ptepared as deacribed 1n Appendix AS) wera ucidified‘t,.
- with 0.5 ml 50% aqueoun sulphuric acid and extractad with |
‘. 4 ml diethyl ather. The mixture ‘was entrifuqed to break tha
x amulsion and the ather layer pipetted off and dried over |
'anhydroua magnesium,sulphate. 1.0 pl was injected ‘onto the
,3v z¢p1umh, 'The”temainder was kept for gnalysil of pyruvic, lactic
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and succinic acids. AThe peaks in the chromatogram were
identified by compa;ison with tﬁose of a reference solution
contnininq ethanol iﬁd vbiufile fatty acids prepared as
dencribed by Cata et al. (1970).

| Samples of uninoculatcd glucose broth were similurly
analysed to verify that ull,the acids had been produced by the

hactaria. -

~Anal is of ‘»c lactic and succinic acids

Pyruvic, lactic and succlnic acids are unltahlo at 125%¢ |
ané therefore cannot be datected uuing the ahove procedure, but
} after mathylation theix methyl esters are stable and readily
~separate on the column. | ; : ]. |

The ramainder of tho ether extract of thc culture una
| 'mathylnted by addinq 2»3 drops ef diuxomathnne treshly prapnred |
by the method describad by De Boer and Backer (1954). 1.0 pl
was injected onto tha calumn which waa usad under the same o
v{,conditiens as describad above, - The punks Ln the chromatoqram‘
were identified by canpnxisen with thosc of a rcfurenca salutionA
containing pyruvic, actic nnd auccinic aclda.= o

‘,Chemical analxsis of faeces »
The chemical componanta of faacas sheun in wable 10 were

Qstiaated qgantitativnly by Drsa. M.J. 3111 and V.C. Ariqs by_;



Steroids
‘Bile acids
cholic acid

deoxycholic and chenodeoxycholic
aclds B . :

lithecholicbaéid
cholanic acid.f
Neutral hteroi¢s  |
cholcn?erol
coprgatnnol‘ﬁ‘.
Bile pigments (total urcbilins)
 Faecal pH

Moisture content



mnoas describe;dl' aaewherc (H{11l and Aries, ‘1971).‘
| - To estimate the pH of faaces alin 10 suapansiun in
distilled water was ‘spotted onto pH indicator paper (British
"D:ug_chsos)‘and‘the colour compared against a standard cp;our
chart. ‘ o |  ‘} | B

B Tha\moi&tur@lcohtnnt‘of faﬁcés,uqn ekﬁimated ﬁy f;hdihg‘ﬁhé"
v'\163p in weight after dtyinq'oveinight‘in'n vacunmlfreeaeedxier"
(Edwards (ﬁigh‘vacuumi_nimited). | |
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2.4 STATISTICAL METHODS

Since bacteria occur in faeces in vary large numbers, all
counts were expressed as: - 1logyq (viable counts per g wet
faeces). -~ All cclculations were done by computer using

~ logarithmic counts,.

The comgutérs! .
o ozivettifvxol- computexr |
All calculations, except those for conatructing correlation'
| matrices, were made on an 011vetti '101¢ desk»top ccmputer
. (British Olivetti Ltd.) supplied with magnetic programme
 carda.l Before atarting any calculation. the appropriate card
was checkadcfor.accuracy<using test calculations recommended |

'by the manufacturer.

" The CDC ccgéutcr ) |
’ The counts of bacteria in each specimen of faeces,
‘together with the correspcnding chemical analyses (kindly |
supplied by Dg.,M.J. Hill) were transferred to punched cards.
?rogrammes now in the cdmpﬁtér’libracy”in the Dcpartmeht'ofv
iMedical Statistics and Bpidemiology at the London Schccl of
: Hygiene, were uaed on the CDC computer at the University of

London Computinq Centre, to construct and interpret correlation '



- 88 -

matrices as described below, The CDC computer was also unnd to

~ check. calculations done on the Olivetti camputer.

Pgesenggtiog of countg of bacteria 1n ogch gogulation
mhe mean counts of bacteria 1n a population of N people

was expressod,,with its atandard ‘deviation as:
l;iilog = 4 | Flog, Xy 2 3

where X is the viable count of bacteria per g faeces for each

person.

- Coggarisén of counts of bactetia in different'gggulatioﬁn |
| Student's t-test and Mann-whitney teat e
The bimodal distributlon of counts of some gtoupa of

organisms within any population 1ndicated that the.uann-Whitney
rank test (Snedecar and’ Cochran, 1967) was more appropriate
than. the student t-test fbr comparing distributions within two
'populaticna‘ Hawever, Hins Re Wbod, of the Intercollagiate |
vvhit in Medical Statistics, kindly tried the Mann-Whitney test .
_on extrama axamples of my data and found levels of significance
' which agreed with those obtained by Student's tutest. Owing

to its qreater ease of calculatian the ‘Student tetest was



.-therefore used in preference to the Hnnn-Whitney test to compare
counts of all groups of hacteria in different populations. »
Values of t were calculated on the Olivetti *101°' computcr and
lavels of significance obtained frqmlst#tistical tables.

| Analzais of variance
‘When more than two populaticnn were being compared
,L‘aimultaneously, annlysis of vnriance was uaed. Mean-square
raxios were calculated on tha Olivettl computer and significance

levels found from tables (Snedacor‘and Cochran, 1967),

'Liﬁegg correlgtiohs
| Correlag;cn between two varigglesr‘
To test whether two va:iables were. correlated, the 011vetti
computer ‘was usad to calculate the correlation coefficient and |
_the constants of tha regression 1line: Ay = bx + a).
Confidence limits about the line were calculated as described
by Moore an&‘sﬁnards_(lgﬁsi., Levels of slgnificance for the

-correlgtion‘coaffiéients were found from statistical tables.

»cbnatggctién of lgggd correlation matrices _
whun a large'numher of variables were‘being studied,

caefficients of linaar corrolntian wure calculated on tha cnc

'computer. The proqranme used was based on the method of
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| Hills (1969) and was written expressly fbrrmy data by

Riss R¢.W00d of the‘IntercblleQiate Unit in Medical Statistics., B
The linea: correlation coeffi#ient; r, was caléulated-for every
lﬁossihie pair selected from the different variables.

- Half normal plotting'waa u#ﬁd to asseas wh%cﬁ of the
fcorrélations,were‘atatistidally_aignifiqant;' A slight
modification of thé technique described by'Hills‘(1969) was made

ko allow for missing data. = Each correlation cogfficient was
. converted to a normal deviate by means qflfhe z-transformation,
' The normal de#igtes thus obtained were Standa:dised and used

to construct a half normal plot. Significant corrél#ticns were
' identified by visual assessment of this plot albngaidé others

made with high values of the standard normal deviste omitted,

partial cokﬁﬁlations‘v | ’ |

The ihﬁe:aq§icns betweeﬁ‘the mic£o~o:ganisms thomselves were
’assqased using partial correlations tq‘éliminate‘fﬁe effectsfofi
_ﬁhe bile acids and neutral steroids. = Only Bacteroldes Sppe.
b;fidabaéteria,"viridans' streptococci, enterococci, _ C

‘, antcrobactaria;.Baétobacillus app.'anduvaiilone;ia‘spp.'“
‘1«(thosé‘or§an1§mu thought to be the most ;mpottant) vere
considered, and to avoid the mathematical difficulties of
compensating for mlssing data, only those speéiméns having a

complete set of steroid analyses and bacterial'counts 
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‘were included in the calculations. 106 specimens satisfied

| theseJcritetia ana came from Scotland (14); U.S.A. (34), -

~ England (31, of wnich 13 were from vegans), Japan ‘17’r, .-

~ India (8) and Uganda (). |

o A matr&x of tha linear corrolation coefficients between

~ each of the seven groups of organisms and the concentrutions of |
'.the total bile acids and total neutral sterolds was first
computed as part of the programme described above. The partial
vcorrelation coafficient bctwuen orqanisms 1 and 2 in the preaence
of constant cancentrations of bila acida (8) and neutral
steroids Ny, was obtained from the 11near correlations usinq

" the formula:

ron '..'r“ S
.___;_J 1B.N _2B,N

r .
12-EN

- as described by Snedecor and Cochran (1967).;' The ¢6ﬁputervvw

programme to calculatc the partial correlations was also kindly

A writtan by Hias Re wcad.» The aignificant correlations were

| 1dentifiad by the use of the table given by Snadecor and -
Cochran (1967). ; |
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Introduckion

The counting methodn used here could not detcct lesn than
102 viable orqnnisms per g faeces. Thul, n sterile cultuze _
_ plate could 1ndicato either that the orqaniam was nhsent, or
~ that it was prasent in counts ranqing fron 1 to 99 per g. |

' Where an organiam was present ut less than 10° per g it wna

_neve; qonsiderad worthwhile tp.find ‘the precise count, since
| :o:génisma occuxrinq'in such small hu@bers must be h&qligiblo;
'cOmponants of the. flota."} | o v

The results of the population studiaa have therefore
been presented in twa ways. ?irstly. thcse persons with counts
of 102 or mo:a per g of any organism hava beon considerad tu | |
' be carriars of thnt arganism and those wlth Iess than 102
non-¢arriars; the propertionn of catriers of each organism
in the different populations have been prauented in Table 14.

' Secondly, to cnmpare the population means, all peraons
have been considered as. carriers and those carrying less. thanf -
102 per g hnvu been cansidered to aarry 101 organisms per g.
Counts of orqaniams have been expraased as the 1°§10 viable
count per g faeces, and the population means as the arithmntic,' |
. means of the logarithmic aounts; the standard deviatioaa are
‘also in logarithms. The d;ntrihution of‘gountq of organiumaﬁ
in the different populations have been shown by spot diagrans, -



‘3,1 EFFECT OF AGE ON THE FAECAL FLORA

The effect of age on the distributions of 15 groups of
faecal organisms was examined 1n 29 men and 39 women aged from |
‘20 to 85 yearsy all 11ved in London and ate typical Western
mixed diets.' | , _

Bifidobacteria ‘and Bactero ides spp. ware the most numerous
’ organisms in all persons. Analysia of variance shpwegﬂpo, |
- significant differences between the numbers of bifidobacteria
carried by the young (less than 30 yr.), middle-aged (30-60 yr.)
or eldefly {cﬁer 60 yr.)vige’ﬁtoﬁps for men or for women and
»reqression lines showed no aignificant trends in the counts

(Fig. 5)e 31m11ar1y, the counts of Bacteroides spp.,

‘;venterobacterin, 'viridnns"streptocacci, entarococci,

.,streggococcus salivarius, Vbillonellg 8PPey Bacillus spp.,
‘7staphyiococgi and yeasts, shpwad no significant diffgrencas"

| wiﬁh aée in either ﬁan.b:'woﬁan. ~ Typical diétribuﬁibns are{

" shown in Figs. 6-8. 'Céunts of Zecithinﬁae-positiva clostridia

 (?1§. 9) and filamentous fungi decreased with age in men and
women, but neither trend was . siqnificant._ 01der women, hut
‘not older men, tended to carry more Lactobgcillg spp. (Fig. 10)  
and lecithinaae-negative cloatridia than the younger (Fig. 11);
these trends were on the bcrderline of significance (P <0.05).

The numbers of persons examined from other countriea were



- Fig. 5.
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Relationships between age and the counts

4of’b1fidobacteri; in faeces. Each spot

represents the count from one person

(black spots for men, circles for women) .

frﬂmhe calculated regression line is shown

. as a solid line for men and a brokégzline

for women.  95% confidence limits about

theiheqressicn line for women are shown as

broken lines; those for men are éimilﬁr

and have been omitted. Neither trend

is significant.
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Re;ationshipk'betkeén age and the numbers

of Bacteroldes spp. in fgecéa.'

*39511[ as Pig, 5.  The 95% confidence
,lim;ts’abput the regreasiogiline'fbf‘men
are shown as dotted lines. Neither trend
- is significant. -
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‘.Fig. 7. Relationships between age and the

| | humbers_of‘gnterobagteriariﬁ faeces,

'Keyt as Fig, 6. Neither trend is
sigpificgnt.’l. -
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‘.rig. 8. RelaﬁionShipévbétwaan age‘and-the

 numbers 6f"yiridans‘ streptococc1 in

- faeces. | ” | |
'Egzz(‘as in fig.,s. The f:ends qr§ not
significént.“ | |
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Fig, 9. Relationships between age and the
| counts of 1ecithinasa-pdsitivé
clostridia in faeces.

- Key: as in Fig. 6.
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Fig, 10.’fnelatiqnshibu:between'age,and the .‘

" counts of L@ct&bgcilxus sppe The
1nc£égzg with age'mﬂyvhgfsignificant' 
for women (P‘Q;0.05);~hntrnot.fbt‘men;,

Key: as in Fig. 6.
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- i‘ig. 11, Relitiénahips' between age and the &o,unts‘

T of . igcithime;negative ciet&idia in
faeces. The counts show an increase
‘wit‘h;a"ge for women (P (0.05) but not
for men. | " -

 Key: as in Fig. 6.
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not7suff;c1ent tavjuétify,simiiar‘analyses; ; Howhvuk,rthere'is
' no reason to bqiieve‘that the results would be different from

those reported here for English people.
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3-2 DIFFERBNCES IN EAECAL FLORA
SH MEN_AND WOMEN

Since age had little effect on the distribution of faecal
1cr°—erganisms in English men or women, the two sexes were
| consider&d as two-separate h&ﬁogeneous populations and the
numbers of faecal bacteria 1n each were compaxed. Similar
'ccmpariaons wera made betwnen men and women living in the U.S.A.,
‘Uganda and Japan and those. 1n England wha lived on strict
A'vegan diets.- R
L Man and women shnwed no significant differences in counts “
- of bifidobacteria in any of the cauntrles (Tabla 11) but uomen |
‘ cnrr1ed significantly more Bgcteroides spp. than did nen 1n |
_England e €0.01) and the U.S.A. (P 0. 05), but not in Uganda
" or Japan.‘: Man carried mere (P (0.0S) enterococcy,
- Lgptobacillus SpPe and lecithinaseanegative clostridia than did
‘fwomen in the U. tAt but not 1n England, Uganda or Japan.. J
, Man c:au:ried more ‘viridans' atraptacacci (P €0.05),
‘stregtococcua sglivggius ggcillus app‘ and filamentoua fungl
}(P<(0.01). than did women in Ugnnda, but nat in Enqland, the
' U.S.A. ar Japan. : ‘ .
Men and woman who liVnd on strictly vegan diets in England"'

"vcarried similar numhers of each group of organisms.
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Differences in faecal flora between men and women

Table 1l.
(Mean log;, e count per g wet faeces)a
England | iite) | Uganda | gapan | Gdad
, Men Vlomen | Men  Women Men‘ Yomen | Men ' VWomen Menl,meen
No. persons examined: | 29 39 6 6 9 39 | 7 10 7. 11
Bifidobacteria 9.8 9.8 [10.1 10.0 |9.2 9.3 9.8 9.7 |9.7 9.6
Bacteroides spp. 9.7 10.02 9.6 10.1' |8.3 8.2 |9.7 ]f943 9.6 9.7
Entercbacteria 7.9 8.0 | 7.5 7.2 8.6 7.8 |9.6 9.4 |71 7.0
'Viridans' streptococci | 7.1 7.1 | 7.2 6.3 [8.3 7.70{8.2 8.7 | 6.6 6.6
Enterococci 5.7 5.8 | 6.5 4.32|7.1 6.9 [8.2 8.3 |45 5.0
Sfregtococcus salivériﬁs 4.4 3.4 | 4.2 2;9 ' 5;9 &.52 24 2.4 4.2v 4.8»
Lactobacillus SPPe 604 6.5 6;9 501t 7.3 '_7.2;‘ 7.5 7.4 6.8 7.7
%i:iiiigi:sé-positive) 4.2 4.2 3.6 2.6 [4.6 4.0 [5.0 4.4 2.6 2.7
figz;gigﬁ:se_négatlve) |56 5.8 | 5.8 4.5 [ 4.3 5.4 5,5’«fs.s"s.1: 5.6
| Velllonella sppe 4a1 4.3 | 3.8 2.8 [5.9 5.2 |4.8 4.5 5;3“ 4.4
| B%cillns-spp..  _3.6f-3,s 3.6 3.8 5.4 4.32 :é.x" 4.5 3.1 3.5
Sarcina ventriculi 1 1.0 1.0 | 1.2 1.0 5.7 5.1 (1.8 1.4 |31 2.6
Staphylococel 1.7 1.7 | 2.4 2.1 3.8'7 1.7° (1.8 1.7 2.7 2.2
Yéasts | 2.3 1.9 | 1.3 :'1.7 1402 3.2 [1.6  2.9Y | 2.8 3.2
| Moulds growing at 37° 1.7 1.3 {1.1 1.0 [2.2 1.3% (1.0 1.4 [1.0 1.6
Moulds growing at 22° |1.6 1.6 |1.3° 1.2 |2.8 2.3 |1.8 2.1 |17 1.7
'a  The standard deviations of the means are not show§ hefe.
However, they were similar for men and women; the
combined values are shown in Table 13. ‘ »
' 15”'Sign1ficantly different counts between nen and women: P <0.05
2 o . i o S TR | N ) u_;;;gg;%g,gl»
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3.3 DIFFERENCES IN FAECAL FLORA BETWEEN
| T AND BLACK AERTOANE —

N Faeces frcm 12 bluck and 22 white Americans, all working
at the Canter for Disease Control 1n Atlanta and living on
mixed diets, are compnred in Table 12. The two groups carried"
the same numbers of all orqunisma except Lactdbacillus spp.
and Veillonella spp. which were more numerous in the black,
~and staphyloaocci, which were more numaraux in the white persong

(p (O-OS)a



Table 12. Differences in faecal flora between white and black

" . .Americans

.-VZMean.Toglo.viable co

unt per g wet faeces & SD) .

growing at 22

Organism . White Black
Bifidobacteria 10.04 £ 0.56 | 9.97 £ 0,57
Bacteroides Sppe 9,70 £ 0.58 | 9.77 £ 0.24
Enterobacteria 7.40 £ 1,25 | 7.33 2 1,21
‘viridans' streptococci | 6.92 & 1,32 |7.15 ¥ 1.04
Enterococci 5090 £ 1.89 | 4.98 X 1.9
Str. salivarius 3.86 2 2.42 | 5.43 2 1,76
Lactobacillus sppe 6.45 % 1.58 | 7.96 % 1,53
Clostridia ’ + +
(lecithinase-positive) | 334 = 145]3.66 = 1.75
Clostridia (1ecithinase~ ' + + .
negative spore-formers) Se42 = 1444 | 5412 = 1,29
Veillonella sppe | 3.51 ¥ 1,77 | 4.81 & 1,72}
Bacillus Sppe. 3.63 % 0,70 | 3.86 & 0.43
Sarcina ventriculi 1.11 -
Staphylococcl 2.31 £ 1,67 | 1.28 ¢ 0,66t
Yeasts . 1.44 X 0.86 | 1,44 X 0,88
Filamentous fungl + -
growing at 378 1.09 = 0.29 '
Filamentous fyngi 1.22 £ 0.53 | 1.65 &

0.90

The differences are not significant unless

stated otherwise.

1 Differences probabiy significant P ¢ 0,05

- = Organisms not found
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Discuasion

The results dcscrihed hare show that the domlnant '

' f Am1crob1a1 flora of human faeces is very stable thrcughout adult

life. . The increases in entcrobacteria with ‘age tbund by
. Haenel (1963) and Gorbach, Nahas. Lerner and welnstcin (1967) )
| were not confirmed hete. ] Howuvar, the increase in

‘*j&gcgobacillug spp. with age reported by Haenel wna confirmed here
for woman but not for men. R ' ‘

" The. tacit assumptiun 1n the 11teratura ‘that men and women -

have the same faecal flora ia confirmed by these roaults,
\'except that in. Enqland and in Amarica women carried more ‘
Bactercides spp. than did men.5, SOme differencet were found in
.the numbcr of the minor components of the flora, but none was
_ consistent in direction from population te population and none
1_atta1ned a high level of atatistical aiqniflcance._ It seems
likely that thesu differences may huvu ariaon hy chance, and that
”thera are no real differencaa in the faacal flora between men
and uomen..v similarly, the differencas in the faecal flora
hetween whitn and black Americans livinq on mixed diets in the
| sama environment, were not found to be highly significnnt and
it seems likely that thay ulzo may have arisen by chance.

o 51nce age and sox produca little effect on the taacal
£Iora, it seems reasonnblc to concludc that the distributicn ;,‘
| of fhecal bacteria within a smnll sampla of healthy men and
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~ women of7di£ferént_§§ei, would provide a reliable estimate of

the distribution of bacteria within a larger population.
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3.4 BPFECTS OF DIET AND ENVIRONHENT ON
_FAE: OEA

- 3.4a1 Faecg; flora of getsons living on normal diats

raeccs were examined from haaltny paople livinq in pa:tn
of the world where the traditional diets were very different.
~ The populations chosen have been described in Table 5
together with details of their dieta. szxteen hroad qroups

- of micro-organisms were counted as describad in SQction 2.2.

The counta from men and women were combined to obtnin a
vpopulation diatrihution fbr each country. Thesa are shown in
:rigs. 12—26, nnd the population menna are summarised in '1 ’1
~‘Tab1e 13, Tha mean counts from each population vere compared
‘with thosc from the 68 Londoners living on mixed dieta- _
| v51x groups of organisms, Bifidobgcgerig,’Bgcteraidgufspp.,
,enﬁerobacteria;"viridans' streptbc¢cc£ ‘Lﬁctbggdiggng Spps, and
V‘Bgcillug spp. were found in all the specimana of faeces, whcrca;'
the remaining ten groups, Sarcina ventricu;; Vuilloncllg spp.,"

“,lecithinase-positive and 1ecith1nase~negative clostridia,

enterococci, stragtococcus aalivggigs, staphylococci, yeasts and1"
filamentous funql, were not found in some. Thble 14 shows tha
‘percentage of personu from aach cauntry found to carry the

- latter groups of orgnnisms.



—Table 13s— Faecal-flora of- health v pe
mean 1og10 viable count per g wet faeces + SD

Banana Vegetabf~’ Vegetable
Diet "estern mixed Vegan and testern and . and
L ‘ veqetable mixed fruit fruit
Country of origin U.S.A.d Scotland England England Uganda Uganda India Japan
No. persons examined 22 23 G8 18 48 8 51 17
'Bifidobacteria 10,0 £ 0.6 | 9.9 2 0.5 | 9.8 £ 0.5 | 9.6 % 0.4 |9.320.6° 9.5 £ 0.2 | 9.6 £ 0.5%| 9.7 % 0.5
Bacteroides spp. 907 2046 | 9.8 2 0.6 [9.8 20,6 |9.72%0.3 [8.221.1%09,82 Oed | 9.2 2 0.6% 9.4}1_o.sb
Enterobacteria 7.4 21,3176 211 1792103 [7.021.8% 8.0 20,9 [7.420.4 [9.92% 1.2 |9.42%0.6°
Streptococciy ‘ | ; | - | | >7 -
tyiridans' streps. 649 % 1.316.8%1.,0 {7.1 21,0 [6.62 1.2 | 7.8 20.9%° 6.4 2 0.9%] 7.9 £ 1,1 vé;s ¥ 16
enterococci | 5.9%1.95.321.8 |5.82% 1.5 [4.821.3%(7.0% 1.5 .5;3v:‘i.é 7.3 21,15 8.1 ¢ 0.9
Str. salivarius ‘3.9.1 2.4 4.1 X 2.5 | 3.8 2% 2.7 '_4.6 2.1 |s.02 2,32 306 2 201 | 5.7 £ 1.95| 2.4 % 2,02
Lactobacillus spp. 6e5 216|772 1.5° 6.5 1.8 {7042 1.4 [7.22% 1.1 5.3 2 ;;3 7.6 = 1;gc 7.4 i,o.s?
Clostridia: | D R
1ecithinasé—positive 3.3 2150422 1.8 [4.2%1.8 [2.7%1.9° i4.o * 1.9 |2.3.% 1.5 4.2 2 2,2 | 4.7 21,5
lecithinase-negative 5.4 1.4 5.6 £1.0 |5.72% 1.1 |5.42% 0.8 |5.1 % 1.4 4.7 20,52 | 5.7 £ 1.2 [ 5.6 % 0.8
Veillonella Sppe 3.521.8[3.821.9 |4.2%2,1 |4.8220 |5.321,57]2.221.1%]5s.8 = 1.9 4.6 111;4V
Bacillus spp. 3.6 20,7 3.320.7%13.720.8 |3.¢20.8 4.5 20,95 | 2.9 2 0.5P | 4.9 £ 1,0°| 4.4 £ 1,0°
Sarcina ventriculi | € - 41 2.5 :‘2p2' 542 * 2.2 ?f 4.6 ¥ 2,4 |1.6 :71;0'
Staphyloceccl and 232072042 0.5% 17202 |20 2004 |20 2 2.0 {22218 [2.8 % 1.5 1.7 %101
Fungi: yeasts 1.4 2 0.9 2.8 1.4 2.1 2 1.5 |3.0 21,78 3.4%3,7¢- | ~ 2.9 £ 1.6 |2.3% 1.1
(growin$°§id§7o) 1.1 20311203 [1.2% 0.5 [1.4 % 0.7 15208 | s= f21 %098 1.32 0.
(growin§°§td§2 y 1.220.5]1.82 1.1 1.6 % 0.7 |1.7 2 0.8 | 204 £ 0.9% - 2.2 % 0.8%| 2.0 20,7

P ¢0.05
P ¢0.01
P (0 00

ccunts (probably)rsignificantly differant from the English
C. ' : . 1 L " 1 . ” N
1l

" " . " ' L
counts of white persons only, taken from Table 12
‘organism isolated from one person only

,organism not isolated

oo
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Percenta es of persons in each country found to car:y

1?“"'“9"‘

8] groups of micro-orggniSms

Organism

Country and numbérjof‘perSQAs

studied

UaSeA.

white
22

black
12

‘Scotland

23

~ England

normal

- 68

18

| wegan

Ugandé 1

.

- India

51 |

Japan

17

Enterococci
Str. salivarius -
Clostridia:-‘

- lecithinase-pdsitive

.lecithinaSe-negative

Veillonella spp.

Sarcina ventriculi

Staphylococci
Fungi: Yeasté

: noulds
’(growing at 3?°C)

. IO Ltl ds&
(growinq at 22 C)

68

100

100

86
82

45
23

45 -

100

- 92

92
100

17

25

a2

61

.
100
87

61 .

.39

30> ..-

"o
59

100
84
o

22

;f 45:.,

20

50 ] s0

- 100

100
83

56
89
56"

86

22

100

- 85

90

9%

100
84
29

77

80®

100
94 j
80
98
94
o |
67

69

76

100
a4

100

100
100
28

39

72

. 72 :

28

a- only 30 persons. studied

E

L]

5 0 0n

R i ]
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}Btfidobaéteria. The Gramupositiva, nonwsporing anaerobes,
the bifidobacteria, were the most numerous orqanisms in faeces
from all populations (Table 13). The ;ounts were always
distributed closely abcut the means, The widest scatter
occurred in the counts from ‘theé Ugandans, where the ‘standard
‘deviﬁtioniwégvo.sz‘log unit (Fig. 12). | Faeéés from persons
.living on typical Western ﬁiﬁed_d1e£s 1§ England, Scotland and’
'the'U.s.A. éont#ined more bifidobacte:ia thgn‘fhéae ftom
-pgtsonsyliving 6n prihcipaliy vegetarian diets inlﬁganda,-indiav
or Japih. ‘ Tha mean count from the Ugandans was significantly '
louer (P(‘O 001) and that from ‘the Indians was probably
- significqntly lowe: (P_(0.0S) than that from English parsona'_ |
living on mix&d diata. English persona 1iving on strict vegun
-vdiets carried aimilar numbers of bifidobacteria to those living
on mixed dlets. . |

During the early ntagas of the work pure atrains of
bifidobacteria ware fbund difficult to keep alive and 80 their
identification hus been far from sntisfactary.: Methods-fbr;
freese~drying sif;ggbacterium bifidus described by Obayashz.fw
ota and Arai (1961) wmre not suitable for our 1solatas, nor
‘were those emplaying horse-serum and glucose broth deacribed
hy Cruikshank (1965). ° However, we have recently found that ]
culturas of bifidohactaria (and bacteroidas) survive wall “ 
‘1f they are frozqn at -55°C;;n Robertson's cookad meat broth .



Fige 12.

Legend &e
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Distribution of bifidobacteria in faeces
from persons living in different countries.

.One spot represents the count for one

person. A verticql line tepresents the

mean count (from Table 13). Where two

- distinct populations from one country have

been compared, two different spots are

uged, v

Counts for Ugandans are shown as black spots

and those for English immigrants as circles.

 The mean for Ugandans is given by a bold line

and that for immigrants'as a broken 1ine.  :

" De

Counts for persons 1iv1ng on mixed diets are
shown as black spots and those for persons

living on vegan diets as circles. Theilr

means are repreaented by bold and braken

lines :espactively.

Counts are shown as biack spots for black,

and circles for white, Americans. Means

are given by bold and unbroken lines

reaspectively.
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| 'COntainingllo%‘(v/v) glycerol (Drasar and Crowther, 1971),
| Therefbre, we hivé begun to re-isolate strains from all |
specimens of'faecea and'to 1dént1fy them as Bifidobacterium,
.Progidhbacterium and Eubacterium spﬁ; with the help of qaa#
1iquid chromatogkaphy as described in section 2.2. |

Our preliminary results are very promising and show that
whilst Bifidobacterium spp. were isolated more frequently
| thah‘PragionibaCtérium from Japanese and Indians, the converse
was found for Americans and Scots: Bi£idobacterium SPPe
formed 44 out of 721(61%) 6f\1so;atea from J@panese, and 19
out of 40 (48.5%) of isolates from Indians, but only 12 out of -
41 (29%) of isolates €rom Americans and 4 out of 21 (19%) from
Scots; conversely, Progidnibacterium species composed 22 out of
41 (54%) of isolates from Americans and 11 out of 21 (52%)
from scots, #nd ohly:ll out §f1va’(15%) ftoﬁﬂaapanesaﬂand
11 out of 40 (27.5%) from Indians. Eubacterium spp. formed a
~ similar proportion of isaiites from all pcpul#tions.v Although -
we isolated over 137 Ugandan and 57 English strains of
 pifidobacteria - whichlgera:tested for their abilities to
degrade bile salts,'see Aries, Crowther, Draaqr and 8111'(196§) -
enly 10 of them (4 Eﬂglihh and 6 Ugandan) su:vivad.fbr further
identification. We ara'noﬁfreuisolating’Bnglisﬁ‘and Ugahdan:
strains, together with mo:e'fram India, S:otland;and AmérLCa;_

=fbrvdeta11ad examination.
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| Bacterbidég ség.v' Gramaheggtive,1non-éb6fiﬁgfanéerébes,
. the Bacteroides group, were the sacond,host'dominant;brgahisma in
all pdpulation: (Table 13). '.Thé countsvwete'distributed”closely
"ahout the means, except for those for Uganda, where the standard
deviation was 1.1 log,4 unit (Fige 13)e ‘ .
Faeces frcm peraons living on mixed diets in England }

contalned significantly more Bacteroides spp. than those from '
"Ugandans, Indians, or Japanese living on vegetarian diets
(p (0.001).., However,.specimens of.faeces;from persons in
- England‘whg lived on sttict'vegah dlets contained the seme -
number as»those'ffomvpeoplé,livingbén‘mixed §1a€s¢7_Tha a
number Qflﬁacteroidesfaﬁp.infaécés{from p#ople living oh 
_mixed diets in.England,‘Scotland‘ind America were not
“significantly different. N T

Strains of hacteroides were also difficult to keep alive.

“Freaza~dry1ng waa unsatisfactory fbr our isolateu, althouqh it
13 satisfactory for species of Bactaroides isolatad from the
caeca of chickens (Barnes, Impey and Goldberg, 1966). Latterly,
" we have preserved atrains frozen at -55° 1n Robertson's :
cockeé meat ‘broth containing 10% (v/v) glycezol., Species of
: Bacteroides iaolatad frcm ‘the bavina rumen are known tu survive'
Hbatter fronen than when fraeze—dried (Latham and Sharpe, 971),
Eightynone of 85 atrains of Gram~negat1va, non-spcring

_anaerohes were identified as Bacteroides_spp., and four as
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Fige 13, Distribution of Bacteroides spps in
‘different populations.
Key: as Fige. 12.
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| ggsobacterium BPPe. Of the 81 strains of Bactexoides 52 (64%)
were further 1dent1fied as Bacteroides fragilig and fbur as
ather spacies; the remaining 25 strains (31%) ‘could not be
identified as spacies dasctibed by Cato et et al, (1970). ‘There
was no apparent distrihution_ofvtha known apecies/betwegn the .
?different countriea.".ﬁurther st;ainn are how being isolated

. and identified.

| Enterobacterin. sntefohactérig'wéré'found in all spéciﬁéhs-
"xof faaces but usually in much 1awar numhers than those of the
non-nporing anaerobau; also the diutributions about the
 .meana were much wider than thoae of the nonnsporing anaerabes
“:{Fig. 14). The . numhars 1n faeces from Uganda, India, Scotland
or America uera not vary different fram those from England,
but those from Japan were nignificnntly h&gher (P <0.001).
" The numbera of enterobacteria in fneces from Engliah persons
‘ 11ving an atrict vmgetarian diets were. XOwer than those from
"peraons 11v1ng on mixed dieta, but tha diffarance did not
attain atatintical significance._‘ o

Enterohacteria 1solated from hhu countahle plate of each
speciman were 1dent1fied as descrihed in section 2.2.
_Escgerichig coli comprined more than 90% of 1solates from
persons in 8cot1and, Amariaag Uganda and England (1nc1uding
those living on vegan diets), but only 69% and 78% of



Fig. 14. Distribution of enterobacteria in
' different populations. "
Key: as Fig. 12.



India I
Y ) NETY TP T

| [} | I | | 1 1 ! !
Japan
| o
England” |

,g S TR s!a.oLw.e!..he.!.s.
r T 1 T | | | T T 1
USA |

0 o3 &% koo&&ooo e 00
Ul 1 1 | 1 i 1 | | !
Scotland |
oo s 0800 ende o SN

I T I ! } | 1 | I L
2 3 4 5 6 7 8 9 10 N

Loglocount enterobacteria per g



- 129 =

isolates from,perscns in India and Japan réspectively-(rable 15).
”?Kiebsielii and Aerobacter spp. were oc¢asibna11y present in
‘larqe numbers and the former were found moré frequently in
}'specimens from Japan than in those from elsewhere. Ofganisms.
: tentatively identified as belonging to tha Hafhia group
fwere occasionally isolated from persons living on vegetarian
.diets in Uganda, India and England, but never from persons
‘ ,living on mixed diets. Arizona spp., Citrobacter spp. and
: ‘Broteus mirabilis were sometimes the dominant serobic organisms.,

"Aerobic tregtococc-'

e

Viridans stregtococci. | The seccnﬂ most numerous. group

of facultative organisms in faecas were usually ’viridans"
'Lstreptococci. In all populations the counts were
distributed about the means with approximutaly unit standnrd
deviation (Fig. 15)." FPaeces from persons 1iving on vagetarian
'diets in Uganda, India and Japan contained significantly more
 than thase living on mixed diets in England, Scotland or
 America (P<:0.001).' Persons living on vugan diets in England
‘containad fewer than those from persons living on mixed diats,

'but tha diffarence was not significant.

Enterococci.  The enterococcl were present in almost

'-all specimens of faeces.. Within any population the count#\
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Table 15, Distributions of the dominant entercbacteria in faeces
S - from persons ving in erent countries - .

No. strains identified as:

. . .
-4 | 8 41
o 4 o] & 2 Al s
country |, | o | s | 8| &
o | 5| E R Y| ALy 9l B H s
e VRl S g Y F || 2| o] 2
BELE IR IR IR IENE IR I
IR TR R
S8 A | A 2 | A8 g8 4| & 3§

U.S.As |

Scotland | 44| 40| = | « [ 2 | 1 | =« | = | = | 2
England | 50| 48| < | = | 2 | = | = | = | = | -
England | 33| 30|21 | <« | -2 | <] 21|~ ]| -
Uganda | 50| 47| =« | =« | 2 | = | = | 2 | = | =
Indla | 51| 40| - | 2 |3 | 3| 1|21 }|1]2
Japan. | 3| 25|~ | - |20 [ 1 | -] « | - | -

~ 4ndicates that the organism was never
BN found S
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T Fig, 15, Distribution of ‘viridans' streptococci
in diffarmt populations, |
~ Key: asPig. 12.
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 differed widely, and for the Americans and Ugandans the standard
- deviation was as high as 1'9 log units; . Pérsons living 1n‘v

Uganda, India and Japan contained siqnificantly more (P <0.001)
than thoae 11v1ng 1n Scatland, America and England (1nc1uding

| ‘ thcse living on vegan diets) (Fiq. 16). |

Enterococc1 1solated from the countable plate of each

. specimens vere identified as Strggtococcua faecalis, Str. fgecium,

| or as belonging to the Strs bovis/Str. equinus group, as

described in section 2.2, The proportions belonging to the -

tithree groups . differed between countrles (Table 16).
‘]Stregtocaccus faecg;is was found more frequently than other

' enterococci in faeces fram persons who 1lived on mixed diets‘in
: Aﬁerica and'ﬁﬁéland'ahh from péfaohs iﬁ UQuﬁdab | |
 :streptococcua faacium was found more fraquently than other

‘}enterococci 1n faeces from persons in India and Japan»

.sggegtococcua fgecalig and Str. gaecium uare 1solated with

approximately equal frequancy from personx in Scotland, and
from vegan persona in England." Enterococci tentativery

_ identified as Stre hovig or strg egginus uere isolated more

'frequently from Ugandan and Indian persons than fram others; ‘ ‘

this group was not differentiated further. ‘

Strggtococcus salivarius, This organism was not found

in all persona and the percentages of carriars ranged from 44
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Fige 16. Disﬁrihﬁtion of enterococci in
| different populationse.
" Key: as Flg. 12.
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Table 16,

‘Ho.strains identified as:

Country of No.persons No.strains | - T SR
- origin ~studied | . tested Str. faecalis | Stre. faecium | Str, bovis/equinus
TUeSeAe. (white) 17 17 15 2 -
~ (black) 12 20 18 2 -
Scotland 23 4a 22 18 4
England (normals) | . 68 A 49 25 3
" (vegans) | 18 27 12 14 1
vUgandal as ‘116 57 32 27
India . 50 82 18 53 11
| sapan 17 32 13 19 -

1 Rartive Ugandans only

= Organism not found
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for Japanese, to 94 for Indians (Table 14).  Within each

‘population the counts were widely distributed, and the standard

_ deviations oftan exceeded two log. units (Fig. 17 and Table 13).
‘The Indians contained uignificantly more (P <0.001), and

the U‘gandms probahly aignif:lcamtly more (P <0.,05) than did

English persons 11v1nq on mixed diats.< No consiatent

,vtelntionahip vas shown between the diet nnd the numbers of

R Str, salivggius in ‘the faeces.

‘ 'Qactohacillus ggg' These wereeféund iﬁ all persons,
'although the. counts varied ‘widely (Figs 18). Hbré were found
in. Ugandans, Indiane, Japanese and Scots than in English or -

| Americanse. English persons on vugan diets ccntainad more

i'than thoae ‘on mixed dieta.

| Clostridium spp.  Clostridia were divided into the
'vlecithinasempositive and lecithinaaennegative groups as
described in suction 2.2.

Lecithinase-ngggtivn clostridia. Theae organisﬁa praducedv
'”heat-reaistant apores and ware fbund in. almost a1l apecimens of
faeces. although in very much fewur numbars than ncn-sporing

| anaerobe;, The mean logarithmic count per g faecea was

appéeximately S¢5:with unit standa:d deviation for all
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, ?ig. 17. Distribution of-stregtocoécus sglifarius
o 1ﬁ differént populéﬁionsq .
Key: as in Fig. 12. The numbers in
parenthesis to the igft‘df any‘
distribution diagram-indicate thef
proportion of persons not found to carry
theoégahisma - : |
a. Tha'ﬁ:apottion of iﬁmigiénts not
cgrryihg the o:ganiém;
e. The.propoxtion:of vegans not carrying
the organiam§il | | |

f. The proportion of'whitefAmeriCQns not
carrying_theforganiSm. o
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Fig o 18, Distribution of Lactébaciuus spps in
| ‘different populat;icns. ‘
Kezz"; as Fige 12.
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“_,populﬁtions, gﬂd therefore seemed to be unrelated to the nature
_ of the dlet (Fig. 19). |

,Leciﬁhinase—gggitiv& clostridig were found in over 80%
-of f&pcil sﬁec#mcns}from Brit#in,=America, Uganda, Ihdia:uhd
..fJipaﬁ; ' The aean;éounts.wete ibi@:vthan those for the
|  1e¢ith1n§u9-ﬁégativa clostridia and were similar for all
"‘populhtiohs.(?ig. 20). iaoﬁeverg only 56% of ipecimens‘from the
 __Eng11ah vegans contained these orqaniama and the mean count.
1162'3 per g. was lower than that (10 2 per g) for persons living
| on mixed diets (P <O.01).‘H_} o

Vhillonalla Sppe uere found . in fa&ces from nost pexsuns.l_
' 'within any population the distribution of counts was very wide
| and had a standard deviation of upproximataly two log units |
(Piq. 21}. Thu Ugandun; and Indians containad more

o vuillonellae than did paraons in England living on mixed diets

‘,(P (0. Gl). ~ The ﬂnglish vegans and the Japanene also contained

' mare, but the differences were not significant.

ggcallug sppe All'beraénn were found to carry ggcgllﬁs .
app., but those 1n Uganda, India and Japan carried more than _
'::thase in Br&tuin and America (Pig. 22) e Enqlish vegans carried :
  tha same. number as did persons 1iving on mixed diets,
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' Fig. 18. Distribution of lecithinasesnegative
| cloa_tr:lfdia.' |
‘Kezft - as B‘ig. 17.
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' Fige 20. Distribution of 1eci£ﬁina’se-peaitive
| clostridia. | |
Key: as Fige. 17,
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Fige 21, ~l§istribution éf Veillonella spp.
‘in different populations.
Key: as Fige 17.
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Figs. 22. Distribution of Bacillus spp. in
different populations.
Key: as in Fig. 17.
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Sahcina ventriculiQ The obligate anaerobe Sarcina
ventriculi showed very utriking differences in distribution from
population to‘population (Table 17). It was carried by 84% of
Ugandans, 75% of Indians, 33% of English vegans and 28% of
Japanese (alxvof‘whom lived on végetnrian‘dletg), but it was
‘never carried by persons living on mixed diets in England or
Scotland. It was found in faeces from one white American
1iving on a mixed diet, ' The counts of sarcinae varied widely |
vwithin each populﬁtion; “counts of 106 organisms per g faeces
 fwar§ cémmon and the highest»coﬁnﬁ recordeduwas 108 per g
(Figs 33); ‘It was not found possible to.increuse the yield of
sarcinae from faeces by tha use of acid enrichment media
, deacribed by aanaleaparala and Wolfe (1966) for the 1solation
of Se ventriculi from the aoil.

Sarcinae were found difficult to keep alivn so that it was
impossible to exanine 1arge numbers of strains in detail. , |
Six strains (three fxam Ugnndan, two fnom Indian and one from :
English vegan persons) were found to be almost identical to a
known culture of S ventriculi. The tasts and results are
‘given in Appendix Ad. Since sarcinae from a1l carriers had
the same cultural and morphological characteristics during
primary isolation as thosa_of._agggggﬁzgggg;gg;g. it was
decided to record them all as S. ventriculd, |
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'Table 17 Distribution of Sarcina ventriculi in faeces of
~ persons 1iving in %I??ercng countries

Country of Diet of No. persons gg‘cfgggd
origin population studied sarcinae
‘Japan | Vegetarian 17 5
Uganda , " 37 k)
‘India " 51 38
England ~ Vegan 18 ‘ 6
England , | Western mixed 55 .0
Scotland e 23 0
. Uganda (English | " .16 ‘ ‘0 |
immigrants o ' ' o

(black) | “ - 12 0
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Fige 23. Distribution of Sarcina ventricull
in different populations.

- Key: as Fig. 17,



India

[.13] . . o o o “‘30‘30’& = YTy

5110 | T 1 | | 1 1 1
Japan

]F . | ..I' . i | | I I 1
Englcm'db

&8 —

USA

1 2 3 4 5 6 7 8 9

Loglocount sarcinae per g



- 155 =

Staphylococci and micrococci. Staphylococcl and micrococci
were considered together‘aa a single group., They were always
very minor components of the flora. The mean logarithmic count
per g faeces in all populations was approximataly two, with
unit standard deviation, Occnsﬁanal specimens from Uganda
and Ind;a contained more than 106 orqaniﬁmsvper g (Fig.‘24).

The fungal flora of faeces
The three very broad groups of fungil (described in

section 2.2) were all very minor components of thé flb:a. '

Yeasts. Yeasts were found in higher numbers in‘peraonsv
- living on vegan diets in England‘and banana‘diets in Uganda,

" than in persons 1iving on mixed diets in Britain and Anmericae.
Persons in India and Jepan contained similar nunbers to those
in persons in Britain (Fig. 25).

Filamentoua fungi were fOund more frequently and in
‘higher numbers in persons from Uganda, India and Japan than 1n
those from Btitain and America. Organisms growing at 22
were 1solated more frequently than those cnpable of growth at
37°C (Fig. 26).

o Dr. R.R. Davies kindly identified the isolateu from



w'155 -

© Fig. 24. Distribution of staphylococci in-
different populations.
- Key: as Pige 17.



A
s

India

(2] c et dBeel woedes 8
i T T T | T | T T —1
Japan
B — T
England

g st o .
| 1 |

14 8)
18 64J 1

..,.
N8

¢ &% oo © ©
T

(% &l

1 ] 1 | 1 | 1
| Scotland
(AL L —

1 2 3 4 5 6 7 8 9 10

Logm count staphylococci per g



o 158 =

Figs 25. Distribution of yeasts in different
populations,
Key: as in Fig. 17,
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 Fige 26. Distribution qf'£11aﬁan£aus fungl in
|  different populations. Org;hisms
vcapable of growth at 37°c‘are |
‘recorded separately. |

Key: as Fige 17.



LI
(fgleee o
[%1;4" — 4

["’45118. o o

b

England

USA
(8]
Scotland

[;—If] ﬁ. T I 1
2 3 4 5

LOQloviable count fungi per g



‘Ugandahs'and Indians and cnmparéd the results’with hiavprevious
| ‘étudy of the filameﬁtoua fungi'cdrhied‘bykﬁnglish porsons
(Davies and Leese, 1968). Table 18 shows that the fungal flora
differa qualitatively 1n all three populationa. '

Asgergillus species
Aspergillus spp. formed 60% of the 1«olates from Indians,

29.1% from Uqandans and only 15.6% of those from English persons,

- The species Aspergillus terreus and A flaxgs were isolated from

- Indians nnd Uq;ndans but never from Engliah persons, The apecies
A. re en ’ A, chevaiert, A. cl vatu ' Ao flgviges, Ae cgggg
and A, ochraceus were found in only Uqandans and Asgergillus

nidulans 1n only Indians.

ggggilgigg specieu K
Penicillium Spps compriaed 54% of the filamentaua fungi
isolated from English persons, 27.3% from Ugandana nnd only 10% |
, .'of those from. xndians. The species B, viridicatum |
T 1 vifcrm , P diversum, P, ®© um, Ps grggulagum, Ps. 1uteum,

U P tackii, P, aginulosum and P, simplicissimum, which Davies

"and Leese 1solatud frcm Engliah persons, were never found in
”Ugandans ‘and Indians. On the other hnnd, P purpurogenum,
fhmiculoggg,and P, digitgtgg were found in only Ugandana-
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‘Pable 18.  Frequency with which filamentous fungi were isolated
‘ ‘From faeces of persons living in EIf%erent countries

7 Countey of orlgin and
orgentem | g RSEEML At

4562 | 30 14
Asgergillus niger ‘ 3 - 8

« terreus _ ' - 1 2 |
-nidulans o - - 3
_flavus o ' - 3 1
A sxdowi - S 1 - 1
A, versicolor o 3 1 1
A._repens—ruber serles - 4 -
As chevalieri ' - 1 -
A._clavatus o “ - 1 -
A. flavipes L - 1 -
'A._candidus o o 1 1 -
A. ochraceus R - 1 -
| A._repens . o - 1 -
Aspergillus spp. not identified s - - 2
;Asgergillus SPpe« total carriage 32 16 18
Penicillium purpurogenum | = = "3 -
P. cyclopium - - - a 2 -
P, chrysogenum . I 6 2 -
P. brevicompactum . | .5 4 -
P. fumiculosum B e 2 1
P, digitatum =~ = e -

P, roguefortm | » 27 1

Penicillium spp. not identified 28 - 2

Periicillium total carriage ' 111 15 3.
Paecilomxcés'varioti S 2 1 2
Epicoccum sppe. ” - - 3 -
-Helminthosporium sppe _ ) - - 1
‘Absidia corxbifera_ IR - 1
A, lichtheium - 2 -
Ceghalosgorium Sppe 6 - 1
Rhizopus stolonifer - 1 1
Mucor racemosus 3 3 -
‘M. pusilus’ 1 5 -
M. plumbeus . , 1 1 -
Mucor sppe not identified _ - - 2
Claacsgorlum cladosgoriodes 1 - 1 1
| Co_herbarum - 1 -
Cladosporiunm sppe not identified 3>' 2 -
Curvularia lunata - - 1 -
Trichoderma viriale - 1 -
Scopulariopsis brevicatus - 1 -
oidiodendron fuscum = - - 1 -
Botrytis cinerea S S B 2 -
Geotrichum candidum 22 1 -
rPhdma Sppe not identified | - 2 -
Sterile mycelium N | 27 8 -

- organism not isoclated -
a from Davies and Leese (1968) -
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otherv gener’a;
 Geotrichum’ cgd:l.dum ‘which compr:iaed 22 out of 205 isolates
in Davies and Leese's study of English persens, waa found only
- once in Ugandan and never in Indian persons, Phoma spp.,
- _E_g icoccum SpPPe s sidia lichtheium, Cladosporium cladosgofiodcag |
»f¢1hdos'o:1um herbarum, Curvularis lunata, Trichoderma virale,
‘.‘ Scopulariopsis brevicatus and g;diodendron fugcum were found in
B Ugandans only. Absidia corybifera and | |
. Hélminthosgg' srdum spp. were found in Indians only.
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| 3.4.2 Persons living on sgecial diets
' Low fat diet |

A healthy volunteer lived on a diet containing less than
30 g fat per day, but which was otherwise normal (see section 2.1)
. The faecal flora changed as shown in ?ig. 27.  Counts of
;hacteria in three consecutive apecimens collected inmediately
before starting the diet were compared with those 1n the last
- three cbtained after one manth on the diet.
There were no apparent changes in the cuunts of
: bifidobacteria‘or Bacteroides spp. COunts of ‘viridans'
sfreptodoéci increakad'siqnificantly‘(P {0.01); those of
Strggtococcus sglivarius and enterococcl also increased but
neither change was significant. There were no consistent
‘_changea in counts of enterobacteria, Lactobacillus or

Velllonella spp.

. Chemically defined, liquid diets o
 Three vciunteers lived fbrylo days on a chemically defined,
‘liquid'diét, asraeacrihed in section 2.2. (Two sﬁeCimens of
fnecea collected from each parson 1mmed1ately before starting
'the diet, were accidantally frozen before being diluted in
‘glycerol broth., This probably caused a drop in the viable

counts and muaﬁ»ba remembered when interpreting the results,)
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Fig. 27. Changes in bacteria and sterolds in faeces
~ of a person living on a low fat diet,

Key: Bacterié {black lines)

A Dbifidobacteria
Bacteroideé 8PP
*viridans' streptococcl
Streptococcus nglivariug‘
enterohactéria |
enté:o:occi o

Lactobacillus spp.

T OQ =" m U Nw

Veillonella sppe.

'Steéo;da (red lines)
triangles, bille aclds

circ_leé , neutral steroids.
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. Counts of bifidobacteria and Becteroidea 8PP in faece3j££6m
~all thré@ persqns‘aftéégaalo days on the diet were the same as
tﬁcse in control specimens takén_ﬁhen Qﬁ normal ¢iats." One
~ person produced very fluid‘faaées as a result of stqrtiné the
diet (a common occurrence), and this muﬁu§d~a drop“in the total
‘éount; by the sixth ‘day the faeceg were again solid and the

| count returned to 101

per g (Fig. 29).

- In all three»persona the counts of enterococci fell
considerably during the'period on the.diet, and in one of them
the counts feil below 102 éér §, which is the 1owast'Ievélviw -
detectable with thesa techniquess when a normal diat was
’resumed the counts of entarococci :eturned to their fbrmer
levels (Fig. 28).\, Similarly, Strggtococgua galivariua
disappeared f#om the faeces of_one person during the liquid diet
 and reappeared later (Fig. 29). There were no consistent |
‘changea in counts. of the other orqaniams.

In all three aubjects the change from a mixed diet to a
liquid diet was accompanied by a marked reduction 1n the. mean
weight of faeces‘excratedlpar day. Tha mean daily output 1
fell from 116 to 54 g in one person; from 107 to 57 g 4in the

second and from 278 to 85 g 1n the third..
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Fig‘. 284 Changés in bacteria; and steroids in a
healthy person living on a chemically
defined liquid diet.

- Key: as Pig. 27.
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Fig. 29. Changes in bacteria and steroids in
| énothér heal thy person 11vin§ on a
chemically defined liquid diet.
Key: as Flg. 27.
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~ Starvation followed by a liggid dlet
Figs. 30 and 31 shdw the changes in faecal bacteria when two
female patienté, édffeping ::om”extreme,obeaity, lived on a |
starvatioh:diat for two weeks.'followed by chemically deflned,
| 11quid c}iets Coni:aining incrén#ing amounts of amino acides and
carbohydrates.

: In one patient a change from a ward diet to a liquld diet,
led to a fall in the numbers of.non-spo:ing anaerobes and
enterccodci§  thé‘numbersiﬁf énterobactézia, Clostridiﬁm and
Lgctobacillug Speéies_remained the same. During starvation
for two weeks the counts of anterobactarin 1ncreased, whilst
those of all other groups remained the sama, Introduction
‘of a liqu1¢ dietkcantainingronly amino aciQS‘and minerals led

to a alight increase in £he'counts of all groups of organisms,
except enterbcoaci, which were not found. When 1ncre§sing
- amounts of‘&oiubl& carbohydrates ware added to the diet, the
total count remained steédy,atfloe’s‘per g; enterococcl
were again found, but lactobacilli were notj counts of
enterobaéteria and ¢lbstridia fluctuated widely., - It was not
possibla to obtain further control specimcns after the patient
had rasumed a normal diet- _

The changea observed in the second patient were similar

(Fig. 31); : Thelliquid diet,ied to the disappearance of the
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. Pig. 30. Changes in faecal bacteria in an obesg'

| patient living on liquid dlets of |

},variqua formuiﬁe fcllowing-a'period‘of
starvation. L | .

H

E?

total anaerobes
entérobactexia
enterococci .
nactobacillus'sppﬁ “'
"c;ostridium‘spp. o

G 6 mom o>

The broken line shows the mean weight
of faeces excreted per day during the
fortnight on each diet.
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Figs 3l. Changes in faecal bacteria in an obese
‘patient living on liquld diets of
véricus fomulae ,following a périod of
starvation.

Ke!! as E‘igc 30. '



VIABLE COUNT PER G FAECES

LOG
10

9
70
8 (L)
—
%%
7 2
503
6 w
&
40,
54 g
30<ZI
4 3
20
3
10

E£468101214 ® 18 20 22 24
- ’1f T : LlOUID DIET CONTAINING: =+ ——————®—

DIET -DlET .ATION X .
' " , : :f ; 309 aa-— nISQQq




enterococci and a slight drop in the total count. During
‘starvation the counts of enterobacteria rose to 109 per g but
fell again to a steady level of approximately 10° per g when
the liquid diet was resumed. The counts of the anaercbes

remained steady at 107+3

per g3 counts of clostridia,
lactobacilli and enterococci fluctuated greatly and could not
be correlated with the changing proportions of amino acids and
ca?bohydratea in the diet.

In both patients a change from a ward dlet to a liquid
diet was accompanied by a fall in the mean welght of faeces

excreted per day.(rig; 30 and 31),
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3.4.3 The effect of the chgg%cal comgonents
. of faeces on ¢ faec croflora
(The chemical analyses in this part of the

work were done by Drs., M.Je. Hill and
V.C. Arics and the computer analyses by Mrs.

A | D, Irving)

Since persons living on vaty different diets were found
to carry the same qualitative faecal microflora (except that
Sarcina ventricull w&s carried only by some persons iivinglan
vegetarian diets), it seemed reasonable to consider all
>pergons from thé six countfies'aé bélcnging to one ﬁopulqtion,
“and to #tudy the relation#hips‘bétwaén the faecal bacteria‘and
‘faecal steroids within it. .The bac£er1oiog1ca1 results used
“fbr the calculations are ﬁhqée given in Figures 12-26j
D:; Hill?s'stéréid analyses of the same specimens of faeces
are those which contributed to the mean values given in Table 22
and have been reported in detall elsewhere (Hill and Aries,
'1971), A computer was used toAcalcuiata‘iinear correlation
 coéffi¢ient$ between the viahie counts of each of the 16 groups
. of organisms and the concentrations of each of the 10 chemical
<Tcunstituen£s in faeces from 267 persons. The significant
' correlations were identified as described 1n'sectién'2.4.‘

Only those correlations which were significant at a
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probability level of 1%,(or less) are di scussed here (Table_19).

Bacteroides spp. and bifidobacteria

Counts of Bacteroides spp. and hifidobacteria were eéch 
. correlated paaitivply with,tﬁa fnecaﬁ ¢oncentraticns'of total
‘ 511u ‘acids, total neutral steroids and wiﬁh thé urebilins,
Fig. 32 shows the relationship hetwewn the counts of
Bacteroldes spp. and the concentrntions of bile acids in faeces.'
Bifidobacteria, but not Bacteroides upp., were correlated with
cholanic acid. Bnctaroides spp.. but not bifidabacteria, were
correlated with 1ithocholic and the uihyaroxycholanic acids |
(deoxycholic nnd chanadeexycholic achds).

Btreptococci
| Counts of enterocacci and 'viridans' streptocacci were

~each eorraiuted negativuly with the faecal cnncentration- of

- lithochollc, cholanic and dihydrexynholanic acids, chalasterol,

\;¢opr¢stanal and urobilins. The relationships between the o
total cencentratians of bile acids and the counts of ’viridans'

‘stteptacaccl and the cpunta of enterocacai,fare shown_in | | N

" Figures 33 and 34 resp@ctiﬁaly; ¥ Streptococcus salivggius,f‘f"‘
‘showed no significant aorrnlstionb.,{ ,: e
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Téble 19, Linear correlation coefficients between counts of viable bacteria

and concentra ons of some chemical comgounds n aecesl;

_Compaund2 in faeces

Bile acid

Neutral'steroid
. ‘ |
wy » .
" organism® g 2 : | B -
L vy |y | v o ~ ¥ .
:Sii' P ’ - R 2 - W
08 O u i ] .3 [V o
£ £ K- + ol ol
V%E% gv ‘ §v ﬂ%  § '§‘  ﬁg'  §
gigl S3| ROl B3| Bl & 84| g
Avdl Ad | Vel He 5 o | B0} B
| Bacteroides spp. +0434 | 40,30 +0,51 | +0,44 *0-37 40,41 | 40,32
| Bifidobacteria. | 4031 | 40440 | 40,36 | 40,29 | +0.35 | +0.36
'Viridans' streptococcl | =0.44 | <0452 | =0.43 | -0.37 ~0430 | <0430 | -0.28
| Enterococct " 0,44 | =0,47 | =0.48 [~0,43 |  |-0.30 | =0.28 | -0.29
Bacillus spp. -0.42 =0452 | =044l | =0433 | =0,37 | =04 36
Veillonella sppe ~0437 | 0437 | =0,30 | =0,33 |
Sarcina ventricull o =04 35 s -0,56’ ~0.42 ;#0.26' 0o 31 | =0.33
Enterobacteria w0440 | 20,36 | ~0.37 | =0.34 o '
Lactobacillus spp. | =0.45 | -0.33 -0.23 |
Yeasts | ~0.38 | =0.35 |=0.25 | <0,29 | 0,40
Moulds (growing at 37°) | -0.26 - | ,
Moulds ( " v 22°) ~0,34 | =0,25 | 0,22

-1 Only those correlations significant" at P (0.01 have been included.

~ 2 The pH, moisture content and concentrations of cholic. acid in .
_faeces showed no significant correlations with any of the organisms :

.tested and have been omitted from the table.

'3 . Streptococcus salivarius, Clostridium ‘spp. and
) '"—-E_—__—?T—‘-I"—'_"' Hetlon oTh

showed no significant correlation

th any of
tested-and-have been-omitted-from-the-table.-

Staghxlococcus spp. |
e compounds . :




Fig . 324 .,
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Relaticnﬂhip between counts of

Bacteroides spp. and the total

concentrations of bile acids in faeces.
Counts from seven populations are
included. The calculated line shows
a significant regression (r = 0.41j

P (0,001). The broken lines show the
95% ¢onfidence limits.
Key:

® England

o Scbtiand

- UQS;A- (white and black perscns)

o Japan |
4 India

4 Uganda

v England (vegan peksons)
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Figae 33. Relationship between the counts of
| *viridans' streptococci and the total
concentrations of bile acids in faeces,

‘KQXE as Fig. 32.
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Fige 34. ' Relationships between the counts of
enterococci and the total
concentrations of bile acids in faeces.

Kez: as Fig. 32.
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Enterobacteria »

' Enterobacteria were éorrelated.negatively with each of the
bile acids (litho;holit, cholanic and'dihydroxycholanic hcids);
but not with cholesterol, coprostanol or the urcbilins.

Veillonella, Bacillus, Sarcina spp. and yeasts

These organisms were all correlatad negatively with the
total ;oncentration of bile acids and with»choiesterol and
coprostunol.' Only Bacillue spp. was correlated (negatively)
with dihydroxycholanic acids, and only Sarcina Sppe was
correlated (negatively) with lithocholic acid. Bacillus spp..
Sarcinn spp. and yeasts, but" not Veillonella spp., were
correlated (negatively) with the urobilins,

ggctobacillus 8DPDe

These were correlated (negatively) with cholanic acid,

cholesturol and with the total neutral steroids.

Filamentoua fungi |
Those filamantous fungl qrowing at 22°% uere correlated

negativaly with cholesterol, with the total neutral steroids
and with the total bile acids. Those fungi growing at 37%

were correlated with only cholestarol.
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Clqstridia'ggd staphylococci
Thésg showed no significant cbrralationu with any of the

components tested,

None of the 16 groups of microworganisms showed a
significant correlation with the concentration of cholic acid,

or with the water content or pH of the faeces.
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Discussion

The study described here appears to he the first survey
in which the faecal flora of healthy persons iiving on very
different traditional diets in different parts of the world have
been examined under controlled conditions. The validity of the
‘results depends very much bn the reliability of our method
for transporting specimens to the laboratory. All previous
workers have studied freshly volded faeces (Floch et al., 19683
Drasar et al., 1969; Mata et al., 19693 Levinson and Kaye,
19693 Winitz et al., 1970) or faeces stored for a few hours
in refrigaratoraﬂnt about 3°C {Zubrzycki and Spaulding, 1962;
Gorbach, Nahas, Lerner and Weinstein, 1967). Ciearly these
methods coﬁld not bé used for the present'surVey where there
were large distances between the laboratory and the persons
studied and s0 a preservution technique had to be devised,
Extensive tests (described 1n Appendix B4) showed that all groups
of bacteria, including the delicate non-sparing anaerobes,
survived without significant losses when faeces were N
suspended in broth containing 10% v/v glycetol and frozen at
~78°C or below. Other delicate organisms such as Neisseria
‘gonorrhoeég {(ward and Watt, 1971) and Str. pneumoniae
(Hollander and Nell, 19545 Smith, 1961) also survive without

significant losses ﬁhén frozen in the same way.
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" In a survey of this kind it is difficult to isolate the
effects due to diet from those due tb‘environmental, racialv
or other fictors, since each factor may influence e&ch other,
| It has already been shown that neither race, sex nor age may
themselves greatly influence the,faecal'bﬁcteria. although
accumulative effects of these and other factors are pbssible;
50 that it seems likely that the greatest influences will be
dietary and-en?ironmentals B |
The results of the‘study agteelwith the amall—schle'studies
. of Haenel, Muller-Beuthow and Scheunert (1957), Hoffmann (1954),
Gorbach, Nahas, Lerner and Weinstein {1967) and Moore, Cato and
Holdeman (1969) and show that even with extreme diets the |
predominant components are tha same. However,‘thercﬁwere
differances'in the numbers of severa1 of the ba¢ter1al'g:ou§s.
Faeces from ail pbpulationﬁ 11vinq on traditional mixed diets
containing 1arge amounts of protein and fat, had more of tha
strictly anaerobic Bacteroldes spp.. than those from persons
living on vegetable diets ontaining low amcunts,of<protein
~and fat, ConvérSQly, faeces froﬁ‘ail‘the vegetarian o
populations, other than the English vegans, contained more
aercbic atreptococci (especially enterococci). | | -
" Lactobacillus sppe, Bacillus 8PP yeasts and filamentous fungi,
than did those from papulations 1iving on mixed diets. These
results agree in part with those of Hoffmann (1964) who foﬁnd
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that when one'petson lived on a diet‘rich in fat,'the‘numbérs
of Bactéroides 8pp. in the faeces 1ncreaaéd, whilst the numbérs
of enterococci and bifidobacteria dacreased. Torrey and Montu |
(1931) had also shown that persons living on all meat diets
had lower cognts of antarococci and othgr streptococci and
"Lgctobacillus spp. than during controi‘periods on mixed diets.

| PeaSihlé reasons for the differences in counts of the
Vneéohic components of the flora are discussed below, but the
reasons for the lower counts of the totni anaserobic bacteria in
faéces from vegetarian populations, in particular the Ugandans,
are not known. The diet of the Ugandan Bantu iz mainly cooked
bananaa and vegetables, and contains large amounts of
1ndigestib1e fibre (Burgess, Morton and Burgess, 1962). ‘The
- dist éf the South African Bantu is simi;ar,Aexcept that other
fruits, such as gu#vas,,are used in place of bananas, and its
 fibre content varies considerably depending on the varietyygf
| fruit in season (Walket, walker ahdvaichardson, 19705.‘ The
' mean dally output of faeces by Ugandana in 452 g per day compnred
 w1th approximately 150 g for English peraons (Dr. D.P. Burkitt.
peraonal communication, 1971, and Burkitt, in p::ess) and ‘
apprcximgtely 300 g for Indians in Vellore (Professor s.v. aaker,'
personal communication). "Hence, the tétal numhers‘of ba¢tai;a,
excreted each day in the faeces of Ugandan, Indian and English’
persons is calculated (fkgm Table 13)vto be 9,5 x 10115
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1.7 x 102 and 2.0 x 1012 za;pecuwxg}. Although these figures
are very appfoximate (because the excretion rates and baCterial
counts were not measured on the same persona), ‘they are similar,
and suggest that the Icwer numbers of viable bacteria in faeces.
of Ugandans and Indians may, in effect, be due to dilution

of the intestinal contents, prabahly by unabsarbed components ;
of the diet.

Identification of all-ihe anaerobic bacteria in faeces
' would be a very complex procedure. Moore, Cato and Holdeman
(1969) have shown that over 100 colonies have to ba‘piéked'from
" the countable aﬁaeroﬁié piate dt'eadh specimen‘and'identifiédjin
‘arder to define the predominant hactazial flora. Durinq the
present survey the non~sporing anaercbes were found very
‘kdifficult to preserve in pure culture and so it has been
impossible to identify the moat numerous organisms in detail.
Accordingly,- many subtla diffarences hetween the different |
countries may have been lost. | ‘ |
- of the surviving Gram-negative anaesobes Bactgroides ‘

fgngilis was the most frequent isalatn. | This could mean eitﬁer'
' that B, fragilis is indeed the most common species ofi_gggggg;ggg
‘in human faeces, as claimed (for American pernons} by Smith and |
Holdeman (1968) and Moore et al. (1969), or that Ba‘frngilig~

is more robust and survives better than other'specias."
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Nor has it been possiblé'£o d1ﬁ1de the vaidusly
'hetérogeneous gfoup, bifidobaéteria; into its seveiél components,
Bifidobacterium,,Progioﬁibactérium.and Eubacterium, and with |
confidence present comparable counts for each of the dletary
groups. Most of the surviving strains from Japan and India
were 1dentified as Bifidobacterium SPPe those from America and
.Scotland were id&ntified as‘Progionibgcterium'spp. Agalin this
- could indicéte eitherra trﬁe‘&iffefénce'in the predominant
fiqra of the different bopulations, or a difference in‘fhe.
 ability Of'different iaolaﬁas td'survive under our culture .
1conditions;  strains of Bifidobacterium bifidua are known to
vary greatly 1n their ahility to survive in pure’ culture .
| - (de vriea and SOuthamer, 1968). Whether Bifidobacterium SPPs

or Progionibacterium app. is the predominant organism in the
'gut is important, since the twn organisms are metabolically
: distinctxv in pute culture tha former producea_a:atic and lactic
acids frdm‘glucoae,»ihd the iat:er‘propiohic néid;(éafb et al.,
1970). ﬁhese three acids-ihhibitidifferent bﬁcée;i& to 
.different axtenta (Upton, 1929; Bergheim, 19403 Bergheim‘et et al.
1941). ~1f all species have the same matabolic pathways in
the gut as they do‘ég;zgggg, then which of the two genera
were numerically daminant might be expected to have a _
.considerahle impact on the physiology of the gut, and 1n ,v-
particular, on the ralative numbers. of the less numerous

mig:obes.
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‘The faecal flora of English persons living on strict
vogeﬁarign (vegan) diets containing no animal matter at all was
(with the excaptidn of Sarcina'vggtriculi) almost identical to
that of persons living on mixed diets, and this supports the
work of Haenel &t al. (1957) in Germany and Hoare,g;hg;, (1969)
_in the U.S.A. - At first these observations appear to be at
variance with: the studies on vagatnrian persons in Uganda, India
and Japnn. However, the vagan diet contains the same amounts
- of protein and carbohydrate and mcre than half the amount of fat
consumed by}pecple on a mixed diet (31115 and Humford, 1967).

On the othe:'hgnd, th§ vggétariah persons we studiadiin Uﬁand&
and India consumed diﬁtsryhich'cohtiined very low amounts of
proteih"and fat and high amount: of carbohydrate (Burgess, 1962
 Burgess, Morton and Burgesa, 1962)3 auch diets produce
kwashiorkorr, which is very common amongst childxan in Kampnla.

Thus,vit seens posaibla that the differences in the faecal
flora cf‘peraans in Uganda and Asia on the one hand, and |
Amﬁricn‘and Britaind(inéludinq thané'living on strict vﬁgan '
diats) on the other, are not due to the vegetarinn nature of
the diets as ‘such, but may be due to differences in the ralatlve'}
proportions of protein, carhohydrata and fat, regardless of
their animsl or vaqetable origins. . The general cleanliness
of the envirnnment may alsc be 1mpartant and will be discussed

7“ later,



A diet low in fat, but otherwise typically 'Western’

~led to an increase in the numbers of streptococci and a fall in
 the'qoncengrttibhaAof;bile acids and neutral steroids in the

" faeces, whilst the numbe;é of otheé organisms, including
Bacteroides spp., remained the same (Fig. 27). These
obsarvhtions.suggest that changes in the concentration of
steroids (of cther'as#OCiated factof35>1n the faeces, brought
nbout by cotrespondinq changek in the amounts of fat in the
dlet (Hill, 1971b), might be one factor controlling the

numbers of streptococci, but not the numbers of bacteroides, in
. the faeces. '

' To test this hypothesis the ralationahipz batween the
‘different faecal organi sms nnd the faecal concentrations of
degradad and undeqraded bile acids and neutral ste:oida
have baen assesned. \ The total pile acids and the total
ncutral uteroida were each correluted pesitively with the counts
of Bacteroides spp. and bifidobacteria and negatively with the
streptaéocqi,'ngciiiug spp., Veillonella spp. and yeasts.

- Purther, Lactbhgcilgus Spp. were correlated negatively with

- cholanic acid but not with deoxycholic or lithocholic acids;
Bacillus spp. were cortelated‘nqqativeiy with deoxycholic
_acid but not with lithocholic and cholanic acid, and Sarcina
 ventricull was correlated with lithocholic acid but not with
dgoxycholié»or‘cholunic acids.
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’Noy; a positive carreiafion between‘ihe concentration of a
' deqraded stero;d and the counts of a chosén organism could mean
_that’the'degraded stercid was ptdduced by the organism, or
convéraely, that the ataroid”atimulgtcd growth of the organism,
ory that both organism and sterold were correlated merely
because of their comabn associhtién uith other factors, which
remain unidentified. On the other hand, a negative correlation
~ could mean that the organism was inhibited by the steroid, or |
- that both‘weru agalﬁ aséociated with unknown parameters.
'The bile acidn have long been known to inhibit growth of
~ some aerobic bactorin, especially *viridans® streptococci,

© bacilli and lactobacilli (Stacey and wab,.1947; Floch et al,.,

1970) and to stimulate growth of some species of Bacteroides
‘(Beerens et al., 19633 Barnen3and Goldberg, 1968; Shimada
gﬁ_g;,, '1970) in vitro, und it seems 11kaly that similar growth
| patterns cculd also occur in vivo., In shortuterm experiments
" 4n which healthy English volunteers changed from normal diets
to diets lew in fat (whether all liquid diets or low fat mixed
B diats), the nnmbnrn of Bacteroides spp. remained unchanged

‘ even though the concantrutions of acid and neutral steroids fell,f
ahurply. This suggests ‘that high levels of bile acids are |
not essential for the maintenanca of a typicaZIy 'Western'
anaerobic flora.

Tharefbre, it seems reasonable to suggest that the high



- 198 -

éoncentraticns of‘bile steroids in the intestines of Western
persons, brought Ahout by high levels of dietary fat, may

* suppress growth of aerobic bacteria - the differant bile acids
naleétively inhibiting different organisms, .cOnversely,

the low concentrations of relatively ﬁndegraded bile acids in
'thd intestines of Ugéndans and Aslans, brought about by low |

- intakes of‘dieﬁary‘fat, would allow a more luxurient aerobic
fipra to develop, It has beén'ahownvthatrwhen deoxycholic

acid 1s added”to mixed populations of faecpl'bacéeria growlng

in continuous-:iqw culture, the numbers of streptococci and
5taphylococci ﬁacreasg?whilst the nﬁmbers of bactergides}and

| bifibacteria remain unchanged (Collard and Gasling;‘1969),\'

| In general the same groups of Qrganisma were carraiafgd with
. neutral steroids (mainly cholestercl and coproﬁtanol),and‘
urobilins as with bile acids. ~Diets rich in fat twh1¢h a;1mu1At¢
secretion of bile acids) also contain high levels of |

' cholestercl, and so lead to high levels in the gut (411, 1971b).
The influence of choloseerol and its’ dagradation product
coprostancl, on the growth of orgaﬁiams-in V. v6 or in vitro are
unknown. However, the negative correlation between coprostanol
and the‘straptocac&i, and in particular theventerbco¢ci,
ky’buggests that,caprostanol~fér again, ahher compounds, such as
urobiline, associated with it but which we have not sought in
this study) cauld‘inhibiﬁ these organisms. |
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- However, not all the evidencé is compatible with the
 thesis that the numbers of some groups of bactaeria are related
“to the concentrations of bile acids in the faeces. Engllsh
persons 11vinq on vegan diets contained on average only
3.50 mg/g faeces bile acids pgr gram of,faecas compared with
613 mg/g in persons living on mixed diéti.(Arias et al., |
AiQ?i) and so might have been expscted to contain more
enterobhctéria,'enterocqcci. ‘viridans' streptococci,
’- Bacillus spp. yeasts and filamentous fungi than persons living
on mixed diets. In fact, the numbers of these bacteria
" carried by the two graups were not significantly different.
The reasons why the vegan floru is the nama as that of persons
‘1iving on mixed dieta and yat shows some diffexences between
‘persons living on vagetarian diets in Ugandn and Asia are not
clear, but it is possible that environmentalffactors may be
involved, | v; ; o o

" In the prasant survey it was not possible to atudy
systematically how qeography, climate, season or the general
“hygtanic conditians of man's daily 1life effect his 1ntestina1
flora, but some polnts are strikinq. |

wn were. able to _compare the hactariology of faeces fram ,

. eight healthy Engliah immiqranta living and woxking in xampala,
‘with ‘that of the native Ugundans and with that of English

'persons living in London. The Ugandans were found to cpr:y
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fewer Bacteroides spp. but more streptococci, 1a¢tobac111£§
veillonellae, bacilli and fungi than English persons in London -
or in Kampala; only the Ugandans were found to contain
Sarcina ventriculi. These results show that the difference§
in the flora between Ugandan and English persons cannot be
explaihed by climate or geography alone and suggest that other
factors, such}as diet or hygiene, ﬁay also be important. Diet
ray expiain why Ugahdans and. English vegans carried
Sarcin triculi, but it may not be the anly explanation why
Ugandans (or Indinns or Japanese) carried more facultative
organisms than did vngana or persons living on Western diets.
The persons in India, Japan and Ugnnda (except the -
immigrants) lived in poorly developed coﬁmunitieu with'A’
inadequate hygiene in comparison with those in Britain and
America. This might be expected to increase the nnmbers of
bacteria from the enviranment likely to colonise the gut and so
lead to a flora which 1is typical of the community.  Even in : |
Western cauntries with relatively high standards of living, z
"eommunity specific" types of. flora have been claimed. Bendig,
Haenel and Braun (1968) compared the faecal flora of childran :
in 13 diffarent classes in one school and found avidance for
"class~specific” types of flora: the pupils}invqnevclass gll‘
had high counts of the Klébsielluwmnterobactek group of
crganisms compared‘with thoge in other classes; ﬁﬁﬁils in a.
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second class had an anaerobic flora in which Bacteroides
:hxgermgggs was the prédo@inant organism, thlst in all other
ciaa#ea the‘sphgercphoruS'grbup‘was dominant, It is known
‘ thgt‘1n healthy‘perspns‘(Sears, Brownlee and Uchiyama, 1950%
Branche et al., 1963) and in hospitai patients (Cooke, Ewins and
shooter, 1969) the dominant serotjpes of E. coli in the faeces
: chanQe from time to time. The new invading strains may be
1ngested as contaminants on food (Cooke et al., 1970).
. Patients may also ncquire strains of Ps. aeruginosa from the
hospital food and anvironment and exc:ate them in the facces
'(Shaoter et al., 1966, 1969). |
_ Thus it is possible thnt the different distributians of

»'bacteria in parsona living in differant countries may be
\influenced by environmental and hygienic factors in addition to

any. brought about by diets The frequent carriage of
Klebsialla Sppe by Japanase hut not hy other persons may be

'_ analagous to the "community specific" Klebsiallanflora found

famongst German schoolechildren by Bendig, Haenel and Braun (1968).
‘Similarly, Stregtococcua faacalis was found more frequently than g
Str, faecium in faeces from Americans and Britons, whilst thek ’
reverse was shown in thqua from Indians. It l1s known that
Streptococcus faecalis is more common than other enterococci

in faeces from persons in Britain (Cooper and Ramadaﬁ,‘lQSS)

- and the U.S;A§ (Bartley and sianetzg 19605, whilst Str, faecium |
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is more common in persons from cantinental Europe (Deibel, 1964).
Different species of enterococci are found in faeces from |
different wild and domestic animals (Mundt, 19633 Ceoper ‘and
Ramadan, 1955), on some plants (Mundt, Coggin and Johnson, 1962)
and in the soil (Deibel, 1964). Hence, it seens possihle that
the relative frequencies of Str. faecalis and Str. fgecinm in
faeces from persons in Uganda, India. Japan, Britain and the
UsSeAey may reflect ﬁheir differeht frequencies in the
- respective environments. |
Envircnment might be expected to change the nature of :

,thosa transient componnnts of the flara such as spores of |
'hacilli, clostridia and fungi, which are inevitably ingested
as contaminants on food and may, or may not colonise the gut.'
In Englan¢ perscns excrete mére filamentéus.fungi in thé:fancas
in summer than in wintervand thié»may ve attributed to the more
widespread use of uncooked salads and fruits in summer (D&?ﬁﬁs‘

and Laese, 1968). | In the presént study'different species of
-.fUngi were found iﬁ Ugandans and 1n Indians and these were
different again from those found in English peraans by Bavies and
Leese. It therefore seens reasonable to attribute the different
distrihutions of the zungi in faeces from Ugandan, Indian and
English persons, to the different distrihutians of fungi in the

respectivu environments.
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 The reasons for theigeneral ovptail similarity in the faecal
flora of persons living on vary different diets may be
attributed to highly efficient absorption of nutrients from the
'small intestine, which to some extent buffers the bacterial
-‘flora of the large intestine from‘diet;ry influence, Only 4f
somefcomponant of the diet saturates Ehia-absérptive‘capacity;
‘or 1like the synthetic carbohydrate lactulose, cannot be
:.absoébed at all, wili‘diat‘directly influence the flora. 1In
| heﬁltﬁy man, the principal nﬁtriehéa.ramaining for the |
microbial flora of thellérge gut, wiil be intestinal 4
secretiéns.nnd‘inaoluble dietary residﬁes,vauch aa‘vegatable‘
fibres, Cellulosge is the main substrate for the anserobic
bacteria in the heQiﬁe rumen (Hungaﬁe,'lﬂsc) and in the
horse caécum (Davies, 1971) and can he‘degraded by strains of
Aerobacter agggganeﬁ 1solated from the soil (Clarke and Tracey,
| 1956), but I have seen no reports that it can be utilised by
human intestinal bacteria, Wwhen radiocactively labelled |
cellulose is fed to volunteers, a small quantity of labelled
carbon dioxlde is axhaled, showing that the celluloue haa
been degradad (Dr:. = m:.ton-'mampaan, 1970, personal
communication). ‘ Thus, it sppears likely that human 1ntest1na1
| bactaria can degrade cellulose in vivo, but the energy provided '
may be only a small contributian to the totai energy |

xequirement.
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1f, ih healthy‘man; only small amounts 6£_ﬁnabgorhed
nﬁtrients escape into the caécu@, other nutrients must be
-available to aupport the 1uxurieht microbiﬁl population. Our
x_atudy showed that if the human hody was deprived food |
‘(nxcept water, containing essential minerals and vitamins) for
v}two waeks and then givan a liquid diet containing only 20 g
soluble amlno ncids per day (which is claimed to be absorbed
 -comp1ete1y), faeces were atill praduced in which the bacterial
- counts never feli balow 107 viable organlsms per g, although
“the daily autput of faeces was low. Adding up to 70 g per day
'of saluble carbohydrate to the dlet increased neither the
bncterial cnunts, nor . the faecal mass. This squests that
there exists a truly 1ndigmnous bacterial population which thrives
on endogenous nutrienta, The origins of these nutrients are |
not knownj saliva, micus and gpithelial cells of the gut
nlmncosa”which‘:re'ahed;intovthe gut iumen, are likely to be
‘ major aources. *‘Howevar, when;an'nll liquid diet was fed
. ad libitum to healthy voluntears, the numbers of bacteria in
tha faeces remained at the normal level of approximntely 1010
‘per g and the faecal mass increased from a stazvution level to
_appraximntaly-half the normal level, It is possihla that an
gd libitgg diet night exceed the absorptive capacity of the
‘small ‘gute Nutr:l.enta passing into the caecum would supplement

endogenous nutrients and 80 enable the numbers of bacteria
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to increase above indigencus levels.

Other workers have also found evidence for microbial
populations in the human gut thriving on endoganous substrates,
winitz et al.A(iQTO)'found that healthy persons living on
chamically defined 1iquid dietx producad approximately SO g :

faeces per day containing up to 1010

viable bacteria per gram,
These authors claimad that the diet was completely absorbed
and that the faecal bacteria represented an intestinal flora
_which survived on endogenous uubétratéa; .~ This appehrs’to be
,Qnglagéua"tb the aiiuation in human babies and suckling young
animals, where the miik diets muy'also be almost completely
‘.abSOrhed, and the developing intestinal flbra (as described by
Smith and Crabb, 1961) thrivas on enéogenous nutrients.
Rubinstein (1968) found that the concentrations of volatile
fatty acids in faeces of patients,;iving on starvation diets .
contaihing only meﬁhylcéliulose, ﬁera about 25% of the levels
for healthy adulta, and Rubinstein concluded that these aaids
‘wera derived either from cellulolytic bacteria or from
bacterial metabalism of endoqenous substrates. |

Thus, it is possible to visualise the 1ntestinnl flora as
}, a basal population living on endogenoua aubstrates and ‘which,
| in the limit when absorption is complete, 1s independent of the
nature oflthe_diet., When excess nutxients reach the bowel

there wil;'be an increase in the total numbers of bacteria and
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the total ‘amount of faeces.  The relative proportions of tﬁe
different microbes may also change depanding on the nature of the
| nutrient. A principally vegetarinn diet may 1ncrease the
nunbers of the facultative anaerobes, but whether bile acids
or other factors are responsible for this, 1s not yat proven.‘
‘Superimposed on this indigenous flora ian a transient flora of

oral organxsma and contaminants from the external environment.

. which under favourable conditions may be able to colonise the
qut. - ” |

- -'#&rticﬁlag; ‘at’tezitiop was pald to Sarcina #entricuu; a
‘,strict1y anaeruhic coccus which previously has never been found
in the faeces of‘héalthy adults. - Our aukvcy ahow# ﬁhat,Sggéigg
'vantriculgioccurs frequenfly‘in'the faeces of\healthy‘human
adults 1iving in the tropics but only rarely in faeces of people
' in”ﬁemperate‘cauntriea (Thblé 17).‘ Howeiét, in Kampnla none

. of the English 1mmigranta, who ate diets ccntaining animal
fccds, carried sarcinae, whereas they were carried by many of
- the Ugandans, wh@se principal diet wau boiled bananau; | :
vfurthermore, in London, narcinae were found only in those persona
eating strictly vngetarian diets. This suggests, therefbra, that
*,diet and not environmenh 15 a major facto: contralling the
distribution of S, ventriculi in man,

~ Sarcina ventriculi 1s,widaa§réad in the soil (5mit, LQSSS
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- and it’sgems inevitab1a1that it is ingested as a contaminant
on food. Since in the Ugandans and Indians it occurs in faeces
‘in numbers equal to those reported for coliforms, it seems likely
that 1tvmuitiplies, presumably in the large integtine,'since the
u‘étomach and gmali 1ntést1ne contain only a very sparse bacterial
flora (Drasar, Shiner and McCleod, 1969; Gorhach, Plaut,
Nahasvand‘Weinstein, 1957). The precise factors which control
. its growth are not éléar. Lithocholic acid may be
:eapecially important, since the faecal concentrations were
'negatively correlated with the numbers of sarcinae. The nature -
and concentrations of the volatile fatty acids produced by the
intestinal bgcteria may also be important; acetic and lactic
acids are known to iﬁhibit‘gggg;gg,gggggyggggg;ngggg (smit,
1933). : | |

It is interesting to note that Dr. Prema Bhat (personal
'communication. 1971) werking in southern India with the
bacteriological techniques developed during the present survey,
- has cohfi:med that-sa:cinae occur frequently in counts up to
107 per g in faeces from healthy Indians and Indians with
 gastro~intestina1 disordars-‘ | |

‘I have proposed (Crowther, 1971a) that.§g£g;gg_ggggg;gglg

should now be considered as part of the normal intestinal flora
of man. However, its significance in the intestine is not yet

known.
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Our survey suggests that the n;tnre and concentrations
of the intestinai stéroids,'hrought about bf the dietary fat,
- may be 1mportant factors controlling the intestinal
microflora. = A search for other factors falled ~ probably
'because it was not possible to measure more compounds in the
faeces. It might have been rewarding, for example, to
measure the cancehtrations of long-chain unsaturated fatty
acids which are present in faeces (Gompertz and Samﬁons; 1963;
 Rubinstein, 1968) and in bile (Kozlowski, 1925; Haslewood, 1967)
and are known to inhibit bacteria on the skin and in vitro
. (Ricketts, Squire and Topley, 1951)s In our study the
urobilin concentration, moisture;aontent and pH of the faeces -
' were not found to be impoxtanﬁ., Gorbach, Nahas, Weinstein,
‘.’Lavitan,and Patterson (1967) could find no relationships
| hetweanlthe number of viable organisms and the water content
of 11eoa£amf fluid,\évtn thbngh both varied considerably.
' The pH is important 1n\determin;ng the numbers of organisms
in the stomach (Gorbach, Plaut, Nahas and Weinstein, 1967;
Drasar et al., 1969) but it does not appear to be 50 in the
”'ftecaa. Neither Haenel;‘mnllerﬂﬂeuthow and Scheunert (1957)
nor Hbffmann (1964) could find relatianuhips between the pH
anﬂ the numbers of faeaal bacteria when healthy persons
chanqad from normal to extreme diets, and Gyllenberq and Roine
€1957) found that. counts of bifidebacterin, enterobacteria
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and §nteroc0cci'ygralindependent‘of the pH in faeces from
breast-fed or bottle-fad babies, |

| Reasons for fallure to demonstrate relationships between
the bacteria and the intestinal acidity may be twofold:
‘fitstlﬁ; had it been possible in this study, or in those of
 ‘Haenel et al. and Hoffmann, to examine the numerically dominant
non-sporing anaerobes at thévkbaciesAluvul, rather than by very
‘hroad‘qruups, then some diffnréndes mi§h£ have emerged,
Secondly, analysis of the'ahortnchain fatty'acids. which
contribute ta~£ha»acidlty of the faeces, might also have been

rewarding,
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3.5 MICROBIAL IRTERACTIONS IN THE GUT =

) o) E_
~COUNTS. OF DIFPERENT ORGANIGHS

The computer analyaié'also provided'linear,éorrelation ;

coefficients between thevviable counts of every ﬁoasible pair
of the 16 groups of micro~organisms, The significapt
correlations are shown in Table 20. Bacteroides Spp. were
correlated positively with ﬁifidobicteria and nethively'with
‘viridans' streptococci, enteroéocéi; Bgcilius Sppey Sarcina
vengricul and filamentous fungi. Lecithinase-pasiﬁiva un& -
| 1ac1th1nase—negativa clostridia were correlated with each other .
‘ but with no other arganisms. Staphylococci were correlated with
only Sarcina vanfriculi.“'.rbasta, £ilamentous fungi, Bacillus
spp., Veillonella spp. and Sarcina ventriculi were all |
'pcbitiVuly correlated with each other. The Only nignifid#nt/
'negative correlation was between Stregtococcua sg;ivggius and
enterabacteria. | |

~ Since counts of two arganiamn may have haen correlated
because of their common associahion with the 1ntestina1 stercids
(orvsome_relatgd factor), the calcqlatiana‘wqre repeated with
only the ﬁeven‘mbst numareps Qrouyb:cf Qgganiams,and kaepipg_’
the concentrations of neutral and acid sterolds constgntiaa”
‘described in section 2.4.~'fBifidqh§cteria were then aarralaﬁed
with Bacteroides spp. #nd ‘viridané' st:eptococci,'but'nOt ﬁith
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vTabie-ZO. Matrix of linear ccrrelation coefficient between counts of viable organisns in faeces1
- O:ganism 1;:‘w2“. 3 4|55 6" 7;* 8  9. 10 {11 |12 {13 |14 |15 |16
1 Bacteroides sppe ,“'+Q;SG 00170421 -0 244 0428 (o 2200 » 46
2 Bifidobacteria B | -0, 21 L0.26
3 Enterbbacteria T [+0e35+40438-0420 ) | '
4 'Virldans' streps © 10,79 0.3 0a2s0.19 40, 294041740, 29
' 5 Enterococci 10,33 50,1840, 2640, 32 +0. 2340, 2940, 32
6 Str. salivariusi.  Losad k0423 40443 1+0.23
7 Lactobacillué sppg‘ | , +0.28’“
8 Staphylococci . ‘, p0.21
| o Yeasts . 40, 16/+0. 25[+04 20
: 10'Filameﬁtous fungi“(37°)» © +0;49 +0.27+0.34+Q.21
1o "o (32°) “ 10,1940, 24k0. 24
E 12 Clostridium spp.zl | .+ [0.24 | +0423
13 Closﬁridium spp;3 . ‘
14 Veillonella Sppe ..‘p0;35p0.24‘
| 15 Bactllus spp. B 1+ ho.22
16 Sarcina ventriculi L

1. Only those ccrrelations signif;cant at P <D.01 have

bem* 1"!“1!}{!9@1

- 2e LecithinasefpositiVe.

x3. Lecithinasennegatives
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any of the other'étqaniams. ‘gctobgcillus‘spp-, 'vikidans"v
atreptococci and enterococci were all positively corxalated
- with one another. Neither enterobacteria nor |

~ Yeillonells spp. showed a aignificant correlation uith any other
organism (Table 21). '



‘Tahle glo

Matrix of pa

neutral steroids

Organism 1

l.

4.
5a
6
k2

2.,
.3.

Enterococci

Bacteroides spp. |-
Bifidobacteria
Enterobacteria'

Viridans streps

Luctobadillus 8pPPe
Veillonella spp.

+0.33

,+0;36'

+0,33

40.38
+0.68

+0,23
+04 26

1 Only those correlations significant at .

P< 0.01 have been included.
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Discussion |
-Many workers have attempted to show interference or
camcperation between two or more species of intestinal bacteria
.on agar plates (Rosebury, Gale and Taqu;, 19543 Sabine, 1963),
in‘fluid media (Upton, 19293 Freter, 1962b; Collard and Gosling,
1969; Hentges and Maler, 1970) or in specifically contaminated
gnotobiotic animsls (Miller, 19593 Tﬁnami, 19663 - Wagner and
Starr, 1969). The work presented here attempts to show
relationships in vivo. | |
Countﬁ of the two most numerous organisms in faeces,
‘Bgct'eroidgg spp. and mﬂdoha'cteﬁa‘ were correlated with each
ather and it is suggested that ‘the same, oOr related factors,
control tham both. These factors are not known. Low counts
of both organisms could be attributéd to dilution of the‘faeces"
by dietary residues, or they could be influenced by some of the
many cdmpounds present in faeces which were not studied in this
mwww.~
counts of Lactobgcilgus app., ‘viridans' streptococci and
entarococci vere correlated with each other and it seems likely
that the same factnrs control them all. Xrieg and Pelzcar
(1961) have shown that|§§£gg§gsgggggmgggsg;15,andiggggggggggggg
ggh_Jggggg grow tagethar, but not alone, 1n a medium lacking
txyptophane and folic acidy the lactobncillus synthesises
folic acid, which is required by the'streptococcus, whilgt the
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latter synthesis phenylalanine required by the lactdhaciilus.

fIt seems posuible that a similar mechanism, albeit much more
complex, may exiat amcngst the streptococci and lactobacilli in
‘gute. It also seems possible that bile acids could be

| cont:olling factors. The negative cerrelntions hetween the bile
acids and the 1actobnc1111 or the ‘viridans® streptecocci seem
reasonable since both organisms are inhibited by bile acids
“in vitro (Stacey and Webb, 1947 Ploch.gg_gi., 1970). ,rhe.
‘negative cerrelation found between bile ncida and

enteracocci (which have 1onq been known to;ba,bile tolerant)

‘can be gxpla;hed if the enterococci are dependent on growth

| facto?n sup?liad by h11e~sen31§1vn bréani#mz.v‘ Héwevér, the , 

| negative correlation between the counts of enterococci ‘and the ,
faecal concentrations of ceprostanol suggests that the latter

. may also be a factor centrolling the entaracccci.;‘

| Filnmentous ‘fungl which. develop at 22° but not at 37°c are
‘, presumably. unnble to colonise tha howel, and may be ragarded _;
as tranaiant components of the flora. - It is therefore' L
interesting that tbesa organisms werevcorraxated with th@agf»

» filaménﬁoﬁs fungi growing:at 37°C xnd;wiih'twn‘gena:a,bf apofg«"
‘férmers, Bacillus and Sarcina spp;i and ii'seema ptéhabldvthat .
these groups are also transient compbhentk and reach the gut‘aa. |
‘contamin&nts on foods Under favourahla conditions some may

coloniae the bowel ~ such as the possible cclonisation of
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vegetarian pérebns by Sarcina ventrlculi, , Co::‘r.ela.ted“ with
these *transient’ oxévganisms were yeasts and 'Ves.nonéllg SPPey
suggastinjé that these are transient ﬁoo; Both group:‘:’ are
commensals in the mouth and are carried into the intestine with
: fbodv (Drasar et al., 1969). Both wgre correlated negktiirely
with coprostanol and with the bile acids ,_équeéting that these
(or factors related to them but not evaluated in this study) may
- be involved, - | o
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3.6 FAECAL %ﬂETERIA %%DrTHE INCIDENCE
‘ E ‘ ‘

, Tﬁé populations in £he'six ¢ouﬁtr1eg'were chosen because
thgﬁ aré reported to have ﬁuky'diffe;ent incidence rates of
. cancer of the large bowel. The hactgrioiogicalfresuits
présentad in section 3 were therefore'related ﬁo the‘published
: incidences of the cancer. | The paraons Iiving on strict vegan
diets in London and the Engliah 1mmiqrants 1n Uganda were
excluded from the study because thelr: cancar inaidencea are ﬁat
known.  The mean countvof“aach group of faecaliﬁicroorganismd
found in each population was platt¢d aguinatvthe‘tespectivn
cancer incidence. Linear regression linea,and‘ﬁoafficients_"
of linear correlation wnre'éalcnzatedfby computer.
311 the results could be expresséd as linear relationships,
1except thosa fbr ggcteroides 8pPs and Sggc;gg ventriculg, which
,_appeared to be hyperbolic (Figs. 35 and 36).“ Bacteroides SpPPe
were present &n significantly higher counts in faeces from |
Britain and America. than in those from Uganda, India ar Japan.
:Convarsely, Sarcina ventriculi was found only. once in faaces |
from Britain and America but frequently in those from Uganda\
and India. »Countn,of bifidobacteria increased siqnifigantly"
| withlincradaing cancer 1n¢1den¢e (cotraiutibn‘écefficient |

r = 0.89; P 0.01), but counts of all other organisms



Fig, 35. Relationships between the counts of
faecal bacteriﬁ‘and the incidences of
cancer of,thé large bowel,

In this Figuﬁa and in the‘nexty the

counts of bacterla are taken from

Table 13 and the cancer incidences ffom

Table S,

Key: black spots, Bacteroldes spp.
circles, Sarcina ventriculi,
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Fig; 36. Relatlonships between the‘couhtd of

faecal bacteria and the 1nc1déncgs of

cancer of the large bowele

Kex:

A = bifidobacteria

B -_5viridans’ stréptococci,

c
D
E

enterococci

Bacillus spp.

filamentous fungl , ‘

ccefficient of linear co:rélatIOn |

significant correlation (P (0.0l)
" " (P <0,05).
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. decreased. The counts of 'viridans‘sﬁreptoéoédi, enterococcd

~ and B&cillux~$pp. decreased significantly (P (0.01)3 thé
idgcreasing‘count’of filamentous fungl was on‘therbordeiliné

of signifi;ance (P (0.05)s Counts of entercbacteria, |

| 'Laéggbaciiiﬁs'app., vaii;oncllg SPPe s C1os£ridium 8pPPey

staphylococcl and yeasts also decreased with increasing cancer'

incidence, but the correlations were not significant.

lyniacuas;on ,;
' The work described here was part of a wider survey
designed to test the hypothesis thaﬁvthé~geographica1

‘ var1ations in the incidence of 1axge~b0ue1 cancer might he due

-to differences in composition and activity of the intmstinal
flora, brouqht about hy differences in the dieta.’ Before _
| any conclusionx can be drawn, the bactariological réaulﬁs must
~ be discussed in the light of the wa:k of my’ calleaquaa - |
| ‘ura. Hill and Aries who estimated the concentratiuns of
undeqraded and dagraded steroids in tha same speeimans of faecesr
 studled hacterialagically here.. |

. Drsa. Hill and Aries found that faeces from Britain and
America contained significantly higher concentrations of bile
acids and neutral sterolds than those from Ugnnd#,;xndia.or |
Japan (Table éZ). The steroids in fn&céa from the Vestern



Table 22. Steroid concentrations in faeces
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1l

‘Unitédlstﬁtesf

cholanic {(unsubstituted)

0.15

England | Scotland \  Uganda | Japan .| India
o | white | Black | B o
No. samples examined 26 18 24 {12 a1 |18
Total steroids 116486 | 16428 | 16,73 | 16464 | 2437 | 6.40 2.02
| Heutral steroids - 10.81 | 10,10 | 10.73 | 10,37 1.82 | 4.52 1.51
Cholesterol 3.32 2.89 | 3.83 | 2,93 | 0.81 2.59 | 0.57
Coprostanol 6477 6.68 619 | 679 0490 1.89 | 0,73
Coprostanone 0,72 0.53 0.71 0465 | 0,11 0,04 | 0,21
Acid steroids 6415 6.18 6400 627 | 045 0.88 0,51
Cholic acid (tri~ 1 N . B -
s 0.48 0,31 | 0.60 - 0.10 0.22 | 0.05
Deoxycholic and cheno- o ) ‘ o
deoxycholic (Di- 1,47 2,47 2,22 - 0.13 0.50 0.29
substituted) ‘ : :
Disubstituted keto acids | 1.02 0.37 0.42 - 0407 0,05 0,06
Lithocholic (mono- ' . : S , R
: SUbStituteé) and 3,08 3.03 2.74 - ’ 0,11 - Qell .

| Modified from Hill et al. (1971)




countries were also con?icerably more degraded than those in
faeces from"Uganda.and Asia. When pure strains of the different
groups of hacteria were tested for their ability to degrade bile-
ateroids in viggg thoae from Britain and the U.S.A. showed much
more steroidase activity than those from Uganda or Asias
Bacteroides spp. and bifidobacteria, which were present in
significantly higher numbers 1n faeces fram Britain and America,
were«particularly active in degrading bile steroids, and a

' higher proportion of strains from Britain and America showed
degrading gctivity than did those from India or Uganda.
Table 23 shows the prop&ttipn of strains from each country able
to ccnﬁé:t cholic acid to deoxycholic acid. These resulﬁs

have been presented in detall elsewhere (Aries et al., 1969;
Hill et al., 1971).

‘keréona IiViﬁg in areas with a high incidence of large-
bowel cancer tend to live on diets rich in fat and animal
protein, whiistAthogg who live in areas with a low incidence
» are principally vﬁgaﬁarians and eat 1itt1e qnimal fat or
 protein. It is possible that a high fat diet may increase the
anaerobic and_decraase the aerobic 1ntestin§1Abacteria‘in the
umhnnar_deﬁcribed previously (section 3.4)s In general the
anserobic bacteria were able to degrade bile steroids much

more actively than the aercbes, Consequently, higher
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ngie 23; Conversion of cholic acid to deégxcholic aggd by

Aintestinal bacteri o

Ozigin'of strain

4 Unlted
England IScotland] ooy o0

Al B{ A{ B! Al B| A| B| A| B

Uganda | India

Bacteroides spp. | 50 | 44| 24 | 56 |10 | 50 | 42 |33} 20

5
Bifidobacterium |57 | 40| 24|56 [10f50 137 | 4| 20| 5
Clostridium spp. | 70 | 34| 38 |45 |10 60|60 | 6{14| O
Enterocaéci' ” 90 | 11 ‘30'740, 0| -162| 3{24| O

o032 o

‘Entercbacteria [87| 0|30 o| o| -fso

A = no. of strains tested
B = % of strains performing this conversion.

1. From Hill et al., 1971.
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; §¢oncen£rah1ons of degraded sterolds were excreted in faeées'f#bm
. persons 11ving in high risk areas. | |
We still do not know whether intestinnl bacteria cauld
‘:canvart bile salts into carcinogans.‘ Houuver, deoxycholic f ‘
acld has been considared to hc carcinogenic (¢o¢k‘3;~g&y, 1940; )
 1Badqex,g__3;,. 1940) and in our studies it was produced from o
'Acholic acid by pure strains af 8aateroides SPPey bifidohactaria -
’and‘g;ggggggggg_spp. ggcteroiggs and hifidobacteria isolated
from faeces of persons in Britain and America, not only were
fhettar proéucara of deoxycholic ncid than those from Uqanda,
”‘India or Japan, but wnre alao prasent 1n much ‘higher numbers;.~
‘clostridia were equally prcvalent in ail populationn, but thona.;”
}strains from Weatarn parsonn were much more activa producars of:
daoxycholic acid (Table 23). As a rggult, dihydroxjcholanic,
¢ic1ds (of which the“main compon@nt was doaxycholic acid) were .
‘_found in much higher concentratianx in faucaa from Waatern
‘populations than 1n those from UQandn or Aaia. Furthermore,
vtha ccncentrations of dihyd:oxychalanie aciﬂs appear to |
correlate highly with tha incidence of laxge bowel cancer in the
- 8ix ccuntries and we suspect that deaxycholic acidAmight itself
be a carcinogen, or a p:acnrcinogen (Fiq. 37).- Therefore, we
‘-have poatulated that the int«stinal bactezia. by degrading ;i‘
:“steraid secretions of the hady, may be aetialogically related
“to cancer of the large bowel (Hill e _3;__;._;_., 1971). vork is
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Fige 37, Relationsﬁip between faecal |
concentration of (a) dihydroxycholanic
acid (most of which is‘deoxyéholic ac1d);
(b) total neutral steroids; (df total
bile acids and incidence of cancer of
large bowel in different countries.
U = Uganda; J = Japan; I = Indiaj
. E = England; U.S. = Unitad Statesy
'S = Scotland. The sterold
concentrations are shown as mean =

standard deviation.

- Prom Hill et al, (1971). .
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continuing to find ways in ﬁhich‘intastina1~bacteria can
~unsaturate the ateroid'nuc;eus to praduce polycyclic aromatic

hydrocarbon carcinogens.

The work so far in this laboratory hasrbeen directed
| towards finding ways in which bacteria ﬁight p:qduée carcinogens
‘within the human intestine. However, 1t seens worthwhile
consideting the possibility that some bacteria could also
"prevent carcinogenesis. There are several wnyn in which
| the ‘intestinal bacteria could do thia. S |
F&rstly, the bacteria could excrete compaunds which would
4nhibit the growth of tumour cells. ’Some streptocogci.
especially strains of Streptococcus gxcgenes ndq str;/faecglis’
. are known to produce such agents - albeit uhder very different
"conditians to those inside the human gut (Havas, Donnelly and |
Porraca, 1963). | Althaugh Stre gxggangz 13 never found in
faeces of‘haaithy persons, large nnmbers of other streptococci
are, and it is possible that some of them could also show
antineoplastic a#tivity. It is noteworthy that fneces fram the
three areas with a lowerisk of colon cancer contuinad on
‘-average‘abaut aight times more st:eptococci and sbout 43 timés,
more enterococci than those from the three highurisk areas.
5econd1y, it is not unreasonabla to canaider the possibility

‘that an incipient carcinoma cell in the human intestine could be
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invaded and 1yse¢ by one of the many bacteria in intimate
contact with it, in the same way that tumour cells in mice aﬁe‘
selectivélj invaded by Clostridium sporogenes, ¢i, butyricum &nd »
Cl, tetani (Mdse and MSse, 1964). All three species are found
1nlhﬁman fae&éa.‘but in the wﬁrk dezcribed here no attempt was
made to idéntify them, Moreover, faeces from persons in highe
and low=risk araas,'kére found tg_conﬁain'the same numbar'gf
clostridia.’ |
!1na11y, if some compongnts of the 1ntast1nu1 flora, singly

or Ln concert, can ¢onvert naturally accurring or dietary
stercids 1nto potent carcinoqans, there exists the possibility
that other components could further degrade the resultant
‘carcinogens, or the carcinogen precuxserég-to producelless toxic .

molecules. Many spacies of soll bacteriu and fungl can degrade ;
| the staroid nucl&us {Capek, Hanc and Tadra, 1966) and it seems
posaihla that some inteatinal bacteria could do so too.
The:efore, the quanhitiea of any &axninagan, pre«c&rcinogan or
coucarcinogen producad by the intestinal bacteria, would then

depend on the intricate balance of thesé two opposing‘forcés.'

"..Q.. cancer miqht be :egarded, in a final

analysis, as a symptom of sterol poisoning."

Aldous Huxley (1939),
"After Many a Summer"
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APPENDIX A

" THE CULTURE MEDIA AND METHODS

FOR IDENTIFYING AND PRESERVING ORGANISMS
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1. Fbrmulaevcf the culture media, the glycerol
~ transport broth and the iigﬁiﬁ gfet

Reinforced clostridial agar (RCA) (for strict anaerobas)

was prepared as described in section 2.2.

wWillis and Hobbs' agarh(for Clostridium hnd Sarcing Eppe) was
ﬁrepared as descrihed by Cruikshank (1965). SO pg/mli
neomycin sulphate was added to isolate Clostridium>5pp.'
The medium was also used without antibiotica.to isolate
. spores.of clostridia and sarcinae from suspensions of

faeces heated at 70° for 10 min.

Tomato juice agar (fof Sarciha'vansgiculi) was obtained from
Oxold and constituted as directed, ‘the pH was adjusted to

7.0 before autoclaving.

Rogosa 8 _agar (for veillonellg spp.) (Rogosa et al., 1958),
This medium contained:v tryptone {(Oxoid), 5.0 gs Yyeast

_ extract powder (Oxoid), 3.0 g; sodium thioglycollate,
0.75 g; Tween '80? 1.0_93 ‘sodium lactate (70% w/v aqneous'
solution), 18.0 ml;} basic fuchsin (1% w/v aqueous solution)
0.2 mlj ,aga:. 20 g aﬁd-diﬁtilled water 1 litres~' The,pH‘,7
‘was adjusted to 7.5 and the medium autoclaved at 115°C for
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‘zo‘min. 7+5 pg/ml vancomycin were added befdre the plates

were poureds

Rogosa's agar (for Lactobacillus spp.) (Rogosa et al., 1951).
This medium contginede tryptone (Oxoid, 10 g; yeast
extract powdeb (Oxn;d), 5 g3 potassium dihydrogen phosphate,
6 g3 ammonium citrate, 2 g3 glucose, 20 g3 tween '80',
1.0 g3 sodium acetate,(ahhydrous), 15,1 g3 acetic acid
(glacial), 1,32 mlj MgSO,.7H,0, 0.575 gj MnSO,.2H,0,
0.12 gs Feso4.7nzo, 0.034 g; agar, 20 g and distilled
water 1 litre., The pH was adjusted to 5.4 and the medium
autoclaved at 115°C for 20 mine

Blood agar (for aerobic organisms) was prepared by adding 10%
(v/v) herse-blood to molten blood agar base (Oxoid)

constituted as directed.

Azide agar (for enterococci) (Schaedler et al., 1965). The
. medium contained: proteose peﬁton@ftbxoid), 10 g; tryptose
’ (0xoid),’10 g;' glucose, 5 .93 suérosg, 10 g3 K HPO,, 4 g3
KH2P64, 1.5 g; NaCl, 5 g; sodiun azide (1% w/v aquéoué
éolutimn),,s mly glycerol, 2.5 ml, methylene blue sblution,
4 ml; agar, 20 g and distilled water, 1 litre., The pH

was adjusted to 6.9 and the medium autoclaved at 115% for
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20 min. The methylene blue solution was prepared by
dissolving lg methylene blue in 100 ml acetone and 100 ml
95% alcohols it was kept at +3°C,

| ,Sucrogehgggg (for Streptococcus spp.) (wllliams and Hirach, 1950).
50 g sucrose were added to one litre of nutrient agar
(Oxoid, Number 2) and constituted as‘directed. " Before

| pdurinq'p;atea‘5% (w/v) horse~serum, 0.25 ﬁq;% crystal
violet and 1.0 mg % potassium tellurite were added.

sggguragd’s‘ggsg (for fungi).‘ This medium ¢onta1ned: mycologidal
,peptong‘(Oxoidi. 10.914 glucqsé,,dc'gy ggaﬁ§‘}8 g\and’\< 
distilled water, one litre. The hK-was adjusted to'6;5~ 
~and the agar autoclavad at 115° for 20 min.‘ Before pouring
~the platea 40 pg/ml chloramphenicol was added. |

uaccOnkex's agar (for enterobacteria and enterococci), |
mannitol salt gg (for staphylococci and micrococci) and

. nutrient agar (Number 2) (for Bacillus Spp.) were 311 obtained
a from Oxoid Ltd., and reconstitutad as directed.v

Glycerol transport broth (Drasar, Shiner and ucc1¢qa. 1969).
| This was preparéd by'd18101v1ng‘iofq tah~1emc6~powder
(Ox01d) and 100 ml glycerol in 900 ml distilled water;
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thé bro#h was adjusted to pH 7.3, dispensed‘in 4;5 ml

-amounts and autoclaved at}115° for 20 min, For some’
“expetiments &escribed in Appendix B4, the élycerdi was
replaced with distilled water.

' Enrichment cultures for 15o1ating Sarcina ventriculi

Enrichment medium, designed to isolate Sgrciag ventricgli
from the soil (Canale-Parocla and Wolfe, 1960), was prepared by
dis;olving 10 g malt extract and 2 q‘maltoae in 100 ml water;
thejmedium was adjusted to several pH values from 2.3 to 6.0 |
and autoclaved at 115°C for 20 min. |

Formula of the chemically defined dist |

| “ ’A.chemically ﬁéfinad dlet 'Vivasorb' was supplied as a

~ powder by the Vivonex Corporation, Mountain View, Califbrnia. :
It was 1dentical to that described by winitz et al. (1970) except
that 64.5% of the glucose was replaced by maltose and some hlgher
molecular weight oligosacchnrides (Dr. S. ‘Orford, personal |
communication, 1970). When dissolved in water as éirected,'

 } 1,800 ml diet contained: 38 g Leamino acids‘(isolehcine,'1eucin¢; 
1ysiha, methionine, phenyialanine,.thréonine, tryptophane, valine,
alanine, arginine, aspartic acid, glutamine, glycine, histidine,
~'prolina, serine and tyrosine), vitamina (A, By,y Cy D, and E,

p -aminobenzoic acid, biotin, p;ntothenate, choline, folic acid,
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1nouit:oi, réenadione. niacin, pyridoxine, riboflavine and |
thiamine) and minerals (sodium, potassium, calcium, ‘magnesium,
manganese, 1rbn;.coppérg sinc, cobalt and‘moiyhdenuﬁ as phosphate,
ﬁcetate,sulphate, 1odide, gluconate, soxbate or benzoatg). The
only fat was éﬁhyl'iinoléate'(1Q36 g)s The carbohydrates were
.g;gcésé,‘134‘g; maltose, 15 gj other ciidbqaccharides, 224 gs

2. Preservation of organisms .

During the study strains of intestinal bacteria were
’f“preuerved fbr further identification and for invnstigat&ons by
_Drs. Hill and Aries inho the hacterial metabolism of bile salts:
and other steroids. The methads of preservutian are shown in
Table 24 and were chosen to give ready access to all-stralnao'
Since satisfactory methods for preserving fastidious anaerobes ’
: 'wera lacking, the following methads were devised. :

;gPraserv!tion of nannsggring anaerobes
Two ml sterile glyceral were thc:authy mixed 1nto a two—day

culture in Robertson's cooked meat broth {RCMB) (Southern Group
‘Laboratories) and frozen at -55°C in a refrigerator. . When
 required for use the cultureu were thawed at room temparature.‘

Over 80% of our cultures remained viable for at least nine
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- Zable 24. Methods of preserving organiams,

Organism

Medlum and growth
conditions before

Storage %gnﬁerature
I Ot =

Bacterolides SPPe
Bifidobacteria

Enterobacteria _
1 and enterococci -

Veillonella spp.

Bacillgs’#pp.

Clostridium spp.
' Sarcina spp.

| Lactobacillus spp.-

storage

2 day culture in
Robertson's cooked -
meat broth (RCM)1l, Two
ml sterlle glycerocl

mixed into culture

before freezing.

overnight culture - 4
on Dorset's egg slopes

3 day culture on slopes
of tomato Jjuice agar
(Oxoid)

|3 day culture on slopes

of tryptone yeast
extract agar (Oxoid)

Ovurnight cultures on
nutrient agar slopes

2 daf,culture in ReM*

afnight culture in
RCM eantuininq 1% -
glucosa

-55

Room temperature

Room temperature,

'Room temperature

3

1. Supplied by Southern Group Laboratories
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months when frozen in‘this way (Drasar and Crowther. 1971). -

Preservation of Sﬁﬁcinﬁ ventriculi
It is well established that pure cultures'of S, ventricull

readily die (Smit, 1933; Canale-ParOIn.‘1970). Techniques

~claimed to preserve soil isclates of the organism (Canale~Parola
ahd Wolfe, 1960) were found to be unsatisfactory for faecal
isolates, A simplgr‘techhiqué was fheréfore used (Crowther, -
{1971a). | -

| 1% glucose was added to Robertson's cooked meat broth (RCMB)
© and autoclaved at 115°C for 20 min.  The medium did not require
deaxyqenatihg béf@re use. Cultures were grown overnight at 37°% ;
and stored at +3°C. With this technique strains have remained
viable for over a year without subculture. | | | |

3. [ZTests and media for the 1den§§f1cg§§an'
of organisms ,

. The methods used to identify nonesporing anaerobes were
those of Cato et al. (1970), unless\@taﬁed otherw;be.- |
whilst thg anaerobic cabinaﬁ was necessary for the quantit&tiQe-"
isolation of these organiams, conventional procedures on the -

open bench were usually adequate for their identification,
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Culture media were not deaxyqenated before use, but immediately
after 1nocu1ation, cultures were incubated anaerobically in milk
churns fitted with freshly activated catalysts (see Section 2g2).
The inoculum used for all tests was a two=day culture in
- Robertson's cooked m&nt_b&oth (RCMB). | Methods for datecﬁing,the
acla pxaduqts of glucose metabolism are‘deacribed in section 2.3.

Other organisms were 1dant1f1ed using tests described by
;Cowan and Steel (1965), unless atated otherwiae. All cultures
were incubated at 37%., |

Aesculin hydrolysis

For strict anaerobes ,

10 ¢g aesculin was diasolvad in 100 ml basal redium (aee

| ‘fermentation tests'), adjusted to pH 7.3 and autoclaved at 115 c
for 20 min. The medium was inoculated and incubated
nnaarobically for four days. Two drops 1% ferric chloridc

solution were added: a black colour was recorded as positive.

ginine hxdrolzsig (Ni.ven, Smiley and Sherman, 1942)
~ The medium contalned: yeast extract powder (Oxoid) 5.0 g3
tryptone (Oxold) 5.0 gj K,HPO,, 2.0 g5 glucose 0.05 gj
L«argxnina'momchmrma, 3.0 g and distilled water, one litre.
The medi.um was adjusted to pH 7.0 and autoclaved at 115 Oc for
20 min.‘ After 1noculation cultures were incubated for 7 days.
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0.5 ml culture was added to 4.5 ml distilled water and 0.5 ml
Nessler's reagent added. If the organism had split arginine to
form free ammonia, the solution turned orange, Uninoculated

broth was usad as a control.-

Cgtaiase
- For anaerobea

A 2-day culture on oither RCA {Oxoid) or Willis and Hobbs'
agar, was exposed to the air fbr at least 30 min. When 3%
hydregenAperoxide was dropped onto the growth, bubbling was

' recorded as péaitive‘aud'no bubbles as negati?e.

.~ For geréﬁaa
| “Organisms were grown aerobically on nutriént agar
;(except for Lactobacilliug sppe which were grown
' microaerophilically on Rogoaa’s ‘agar)s hydrogen peroxide Was

added and reactions recorded as above.

- ‘Celiuicsé production " 

. sarcina ventriculi is one of the few bacteria known to
pzoduce an adherent layer of extracellular cellulose (Canale-
 Parola, 1970). Two methods were used to detect this.
Sarcinae from an overnight culture in basal medium

'cohtainingjz% glucose (see 'fermentation tests') were boiled in -
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1% NaOH, washed with water and suspended in Schultze's stain f‘ 
for cellulose (Canale~Parola, Borasky and Wolfe, 1961). The
cellulose stailned reddish purple,. stgghxlococcus aureus -
contains no celluloae and was used as a negutivn control; ‘the
cells remained colcurless.‘v _ ' _ ) |

Cells grown overnight as above were suspended in buffer at
pH 4.0 containing cellulasa (British Druq Houses) and 1ncubated
ovarniqht. 1 The cultures were examined microscopically for, .
disruption of the packeta into smaller clusters and single cella.,'

Suspensions without cellulase were used as contruls.

Citrate utiigéatiog |
| Organisms were grown in Kaser‘s citrate (Southern Group L
‘Lahoratories) and aexanined daily for up to seven days for growth.
Turbidity was racorded as citrate utilized, and no turbidity aa‘
citrate not utilized. | | o
Controlss positive Kleb#iellagerbgches;vneﬁati§a¥zscherichi§'
_g_q_;_gwp'ss, | | -

Fermentation teag‘
' For non-sggring ggaerobas (Cato et 31., 1970)
1.0 g of each carbohydrate (but only 0.5 g arabinose or

0.8 ml glycerol) was added to 100 ml baaal medium containinqs-
2.0 g peptone; 1.0 g yeast extract; 0.05 g cysteine |
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hydrochloride; 0,001 g CaCly; 0,001 g MgSO; 0,005 g K
04005 g KH,P Oy} 0.05 g NaHCOy
adjusted to pH 7.3 and autoclaved at 115°c for 20 min. The

2HPO4;

and 0.01 g NaCl, The media were

media were inoculated and 1ncubatad nnnerohically for 4"daya;.“
Acid production was tasted using 0.04% aqueous bromocresol purple;
uninoculated medfium was used as a control. The glucose culturea
were retained for analysis of vulatile acids (see section 2.3).

. For Sarcina spp. | | |
12.0% of each carbohydrata{wure added to tﬁe.above basal
medium, the pH adjuatad to 7.0 and,autoclavud as ahove. Two
‘drops of an overnlght culture in RCMB (containing 1% glucasa) wnre
- used as the insculum¢ Cultures were 1ncubatad anaerobically ’

at 37°C and examinad for acid production as described abave.‘

Fbr enterobgcgggig
Orqaniams were grcwn 1n peptone water augars containing

B phenol red as indicatox of acid production and - Durham tubes for

gas producticn.(SQutharn Graup Laboratcries)q Nagativ& teats ,
were examinad up to 30 days.

,;Gelgtin iiggefgptgon
‘ Charcoal qelatin diacs (Oxaid) ‘were addad to Robertson's

cooked meat broth (for aerohes) or peptona water (for other
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organisms) and incubated for up to 14 days. Liquefaction was
'1ndica£ed by the’appearance of free‘charcoal partiéles»in the
medium, - | :

“Cohtrola;‘ positive, Bacillus cereus; negative, E, coli WF 96.

. Gram stain _

The method used was Prastoh and Morrell's m§dif1cation of
Liile'é Qethod, as described by Cowan and Steel (1965).
. Some stains of Gramnpaaitivi anaercbes readily lose their
Gram~pcait1v1ty. Hence, 1f any Gram-positive cells were
:‘vpresent. the organism.was-radorded as Gram;positive. If only
Gramenegative cells were present the organism was :ecoﬁded as

Gramenegative (Cato et al., 1970).

~Indole production

'Pbr‘ anaercbes

2 ml xylene were added to a 2-day culture in RCMB and shaken
welle 045 ml Ehrlich’a reagent was added down the side of the
bottle., After 15 min. n‘pink ring in the xylene was recorded as
positive, a yellow ring nn§$£ivé. |

For other organisms ‘ |
1 ml ether was added to an overnight culture in peptone
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water and proceeded as ahova. »
Controls: positive, Escheriahig colg WF 96; negative,
' Klebsiella serogenes.

KCN resistancgl
’ Organisms were innculated into broth containing 0.0075%

KCN and control hrcth without KCN (both - supplied by Southern
'Group Laho:atmrias). the caps screwed down well,and incubated for
'two'daya. Growth in both broths*uns~re¢@rded as bdaitiva;. |

‘growth in the control only was recorded as negntive.

Controls: pcsitiva, Klebsgella aarogeneg;- negative Egcher;chig
2}1. WE 96, ' '

- Litmus milk test -
Litmua milk (SQutharn Group Lahoratoriea) was naauiited “.

and,incub&tad anaerebically. Cultuxcs uare uxanined daily for}

clotting nnd for acid prodnction (a pink cazour in the medium).

c@ntrolz CInggidigg garfgingang.

MR (me A xe d VP Voges=Pro suer) re ctio |

MR nnd VLP madium QSQuthnrn Group Laboratoriaa) was 1nacu1atad
'and incubated for two days. . Two drops mathyl rad solution | ‘
vere added and the culture shaken. - A red colour was recorded

as MR po&itivn, a yellow colour MR ncgativu. After completing
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' the methyl red 'tést 0.6 ml 5% ethanolic amnaphthol solution and

.“'0.2 ml 40% aqueaus KOH solution were added, shaken and examined
‘after 15 min. and 1 hre A red colour was recorded as VP
positive. [Escherichia coli WF 96 and Klebsiella aerogenes Qere

used as controls.

' Nitrgﬁa rgguctioﬁ_ |

 por non-sporing anaercbes

0.5 ml 0,8% suiphanilic acid (in 5M acetic acid} and

045 ml 0.6% unnaphthylamine (4n .5M acetic acid) wara added to

a. %wday culture in Indola-ﬂitrnte medium (Baltimore Bioloqical

Laboratories). A red colour was recorded as poaitive.' After

5 min. a. pinch of zinc dust was added to each negative culture; -
' a red colour indicated no reduction of nitrate; no colour

vréaction indicated complete reduction of-hitrataq-~

% qlncose wta added to nitrate broth (Difco) and
autoclavad at 115% tar 20 min. Cultures ware incubated .
ananrebically ovarnight. Nitrnte nnd nitrite were detected as jt
described above. o | N o

gggerichig 501; WF 96 was useﬂ as a pasitive contralu
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Te;;ur&te rasistggce ’ .
The organisms were streaked onto Hayle's medium, prepared

~ as described by Cruikshank (1965), and incubated for 2 days.

The plates were viewed with’a handuléns and if any'coloniea

Weke séen the organism was recorded as tellurite resistantg

no growth was recorded as tellurite sensitlvu. Each culture

plate was always straakcd with‘§§552§ggggggg‘£§ggggggrCEIZ and
Stre fnecium NCTC 7379 as aantroll. '

Tuk;gzglium reduction }

Reduction of tatrtzéliﬁm (21315 triphenylthtrazolium
chloride) was tested by tha method desczihed by Barnes (1956),
~ RCA (Oxoid) uaa constitutsd as directed, ndjusted to pH 6.0 and
: autociavad at 115° C fbr 20 min. A aolution af 2:13:5
triphenyltetrazolium ahloride (sterilized by filtration) was
added to the agar to give a {inal concentration of 0,02%,
Freshly poured plates were driad, 1nocu1ntud and 1ncubated for
2 days. Reductian of tetrasolium was 1nd1cated by the
formation of red or pink colonies; colonies of nonormducing'
strains remainud white. _ As controls, each culture plate was e
also inoculated with Streptococcus fgpcalis cslz and |
Str. fmecium NCTC 7379, |
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Urease activity
| A sl«:pe of Christensen's urea medi.um (Scuthern Gmup

Labaratories) was inoculat&d and examined daily for 7 days. ‘A

red colour indicated hydrolysis of urea. -

- Cant:ro:lrst- positive, Proteus vulgaris; negative, Edcherichig

coli WF 96.

4. Identiﬂcation of Sarci.n ventriculi

~ Sarcinae are now defined as obligately anaerobic, Grame

~ positive cocci , forming cubical packets of eight (Kocur and |
mrtlm, 1965: (:malwmln, Mandel anad Kupfer, 1967). -Only
two speci.ns capable of utiuainq sugars are recmrded, gg;c_:!_.m

. m and Sucing ventriculd (m:aad, Murray and Smith, 1957),
Thﬁ, main ‘dl.ffergnc:es between them are that S, maxima has no

| axtracénulnr cellulose and produces butyric acid ftom’ glucose,
whnut: s_ventriculi hu extracellular cellulose and produces
ethml nnd mt butyri.c acid from glucosq. ' |
A known strain of Saccina ventricull (HU1) originally
isolated fram soil (Stephenson and Dawos, 1970) was c:btained
'from vmunor EeAe Dawes, Dopartment of Bicchmstry, uniwrsity
' of Hull, and maintained as dcscribed above.  No type c.ul‘ﬁéra '
of w was available, | |
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Six strains of sarcinae, three from Ugandan, two from

Indian and one from Engliah faeces, ﬁere compared with a known
strain of Sarcina ventricu1i using media and tests described in

. Appendix A3, Mo tyﬁe.culture of 5. maxima was available. All
the strains were obligate anaercbes, contained cellulose and
required a carbohydrate for growth; all produced ethanol but not
butyric acid from‘glucose"(rgblé 25).  All strains produced
acid and gas from glucose, fructose, sucrose, maltose, lactose,
galactaée and raffinnse;' none could utilise arab;noée, dulcitol,
glycergl or starchj salicin, mannitol, inulin and xylose were
utilised by some strains although grbwthigus‘usually late. All
strains, includin§ the known culture of s.‘vehggiggi§,‘reéﬁced
nitrate to nitrite, which was'than'fnrther reducedQ | ‘

Although some strain to strain varintbons in biochemical
reactions were found, the results show that the sarcinae
isolated from human faeces wara'ggggggguggaggggg;;

Most strains of sarcinae isalated fxam faeces could not be
preserved for detailed invustiqation. All Gram~positivu,
-anaeroblc cocci,ahpwing the same culturalrappearanges as those

of Sarcina venggiauiglwera therefore presumptively identified
as S, ventricull, | ‘ |
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 Table 25,

S. ventricull HUl isolated from soil

Comparison of six faecal strains of Sarcina ventriculi with

Rcsults of test with strains of sarcinae

.Regults

Test Tganda (D) | U andadeﬁiged - Hos docived
' gndia 1idia (1) %ndia (1) | Uganda ‘1) England»(l) _from soil
Aerobic growth - - v - / _; -

Growth without _ -1 . -

carbohydrate _ e : '

Fermentations at 30 days: ‘ |
‘glucose ’ ‘ + + + * +
fructose + + o+ i+l +
sucrose + B + o +
‘maltose L+ T+ + + +
lactose + + 4 4 +

. galactose + + 4 e +
raffinose + + + + +
arabinose - - - - -
dulcitol - - - - -
glycorO1 - - - - -
starch - - - - -

' salicin ; - + (+) (+) -
mannitol - - - (+) -
inulin - - + - (+)
xylose - - - - (+) -

Production of: | - .
ethanol from glucose -+ + + ‘f‘ +

‘butyric acid from 'ﬁf - - .n -
gluecose : . K
extracellular cellulose Vfl' + + + + o+

| Hitrate reduction Rt + + v+‘
| Litmus milk (ac) (AC) (AC) (aC) AC
Gelatin liquefaction- - - - - -

l+’=vposit1vé
~ = negative

~ (+) = positive after 7 days‘

AC = acid clot

" (AC) = acid eclot after 7 da.s -
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METHODS
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1. Simgligication of Drasar's
‘ anaercbic medium

Culture‘piataa and diluent freghly prepared using Drasar's
original mefhod'(descrihoﬁlin section 2.,2) were compared with
- those preparéd’mote 51mp1y~fram reheated materials. Freshly
fprepared and reheated Oxoid RCA (containing 1% liver digest) were
uimilarly compared; Oxodid brain heart infusion was used as the
V“dilgcnt. Ona'apacimén of faeces (already diluted invglycerol
broth) ﬁas serially dilnted in each of the diluents and plated
| ;n-ﬁriplicaté‘on agar prepared in the same way as the |
hﬁpropriatp diluent. All manipnlﬁtidns'ware carriad out in
’ the.gnaerobic cabinet, | B | | o
| ‘Thblg 26 shows;thatythe counts of anaercbes recovered from
‘faecés uainq-ieh&ated‘diluent and'QQar_were the same as those
usinq freshly prepnred materials. Fhrther; the anaerobes grew
“‘a: well on commercially pzepared RcA as on Drasar's original

‘g;ch.agar.' The<£o:mer.igsknown tq aupport good growth of |
<g‘B§gtgroidaulsppa fiam theicieca of chickens (Barnes, Impey and
Goldverg, 1966). o | | -
Faatidious anaeroben were therefbre counted in the

nnaerdbic cabinet on Oxoid RCA_containing 1% liver digest;
 1 16% (v/v) hérse;hiaod wu$ n1so added to increase the aukvival
_of the bacteria. | o



Table 26. Recover:
: : nocula
(Tog,,

Agar

Method of decxygenation

™ Drasar’s method:

Diluent

agar and diluent

freshly prepared;
deoxygenated before

autoclaxggg

sterile agar and
diluent from stockj

. steamed before use

Conventional method: |

Drasar's Rich Agar,
with 1% liver digest

Reinforced .
Clostridium Agar
(RCA) with 1% liver
digest :

‘Rich Agﬁr Medium

without the agar

Brain Heart Infusion

with 0.05% cysteine

| hydrochloride

9.929

10.037

10,064

10.097

None of the differences was statistically

significant

- Zs¢ -



- 253 -

2. Reproducibility of the media

Fresh batches of each medium had to be prepared from time
to‘tiﬁe tﬁroughout the survey. As minor changes from batch
to batch could readily lead to differences in the recovery of
viable bacteria, the reproducibility of the media waa tested,

SQmples from three different batches of each medium were
‘collected, and culture plates poured in the usual ways
Triplicate plates of each batch of medium were inoculated with
the same suapension of faeces,~incubated and counted. All
mnnipulations were carried out by the same person.

with one axception, none of the madia tested produced
5igh1£1cap§ batch to batch differences in the counts of viable
bacteris recovered from faeces (Table 27).'. Whilst the three
batchas of RCA gave~cenniatent counts of Bifidobacterii, the
‘counts of Bacteraidas sppe showed nmail, but signifiéant
differencea- | |

The reasons for these differances is not known. (Hawnvar;'

fastidious anaerobic bacteria are knaun to be very susceptible o

'to traces of inhibitors, such asg organic peroxides, produced in;"
the medium from proteins. raducing agents or even agar, during E

steaming or autoclaving {Smith and Holdeman, 1968), It is 1
~ probable that occasianal batches of mediun receivad maéginally‘ ”

'»mata‘heat'than othersy this could result in thé inhibition



‘; Table 27. Re%rbducibiliti of viable counts of bacteria on different
" o ches of media 0g;q viable count per g faeces mean of

plicate plates)

, . - : ' Batch
’.Hedium Crganism counted .
’ : 1 2 3
’;gg ;ﬁ;&g ;glgige‘ "’-ges" and Bifidobacteria 10.04 | 10.09 | 10.09
\ " | Bacteroides spp. 10.11 | 10.10 | 9.89%
MacConkey's agarr Enterobacteria 7.85| 7.86{ 7.79
Blood agar 'Viridans' streptococci | 6.36 | 6.41 | 6.62 |
Dubos azide agar Enterococci | se31] 5,17 s5.41
Sucrose agar | Streptococcus salivarius 4.95] 4.96| 4.87
Rogosa's (lactobacillns) agar | Lactobacillus sppe : 5.08 | 5.01] 4.99
willis and Hobbs' agar Clostridia (lecithinase- 6.53 | 6.54| 6.50
' - positive) ] , '
Rogosa’sf(yéillcneila) agar | Veillonella spp._ 3,64 | 3.67| 3.61

1 Significant difference between batches, P{0.01 (obtained by

ona-way analysis of variance on the 3 sets of triplicate caunts).

*ﬁzﬁ
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fdf sensitive Strains of Bncteroides'spp;,

3, Reproducibility of diluting and
» a tec @ o

Suspension ofﬂfaecés are often difficult to homogenise
and this could readily éantrihuta to céﬁhting errors. ‘Since a1l
‘the counta shown in Fig. 38 (a and b) were obtalned from the -
same original suspension of faeces. and since none changed ‘
significantly on keeping, it seemed reasonable to use them to
| assess the errors. The eight sets of threa counts (in
logarithmg) were suhmitted to a onmnwny analysis of variance
and the residual terms used to calculate errors (Table 28).

The counts of Bacteroides spp. showed thefgreatest vmrihhillty'
and could be estimated within only 0,46 log. unit of the aean,
with 95% confidenca. Counts of enterobacteria and entercaocci |

were tha most reproducible,



of bacteria in 24 replicate dilutions .
he data in Fig. 38 a and b)

iDilution

counted

Mean cglony
count -~ S.D.

53% Con?fdence Limits of |
viable counts

)b

10‘7

| |
10~7

10™°

103

10~3

1074

10_31

10-;

10™2

66 % 34

i+

103 ¥ 39

136

t+

70
29
64

150
186

+ 1+

1 52

385 =170

169 % 76
13

75

i+ I+

i+

45

(log,, mean) = (2 S.D.

9.82 ¥ 0.46

10.01
8.13
6020
6427
7.59
623
3.10
4.88

t+ 1+ 1+ 1+ I+ 14+

i+ 1+

032

0436
0012
012
0.18
0.28
0e32
0430

Crowther (1971)

isidual term in varlance analysis
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4.nvg;idagion of the methods for
transporting faeces

When faeces have to be transported considerable distances
for quahtitative bacteriology, it is necessary to have a method
that permits neither growth nor death of any bacteria present,
Stuart (1959) designed a low-nutrient, soft-agar medium for
transporting delicate pathégenic bacteria at ambient
temperatures; Cary and Blair (1964) modified this medium &o
improve the snfvival‘of énteric pathogens in faecal specimens
without the grawth‘of.nonpathogans. Alﬁhaugh the Cary=-Blalr
ﬁedium and further modificatiana of Stuart's medi.um giva good
recoveries of Eschggich&g coll, Clastridium erfrin ens, FProteus
vulgaris, Salmongilavtzghgmurium,‘Shi lla sonnei, |
Staph lccoccus"ureus,vPaeudomonds aeruginosa and Klebsiella spp.
(GHstrin, Kallingé'énd'Marcetic. 1968), a transport mediﬁm has
never been designed to recovér 511 groups of bactexia
quantitatively from faeces, Fbt transpdrt by post moreover,
fluid meﬁia are unsatisfactory,bsince it is ofieh difficult to
avoid ccntamination. | |

Drasar; Shiner and MclLeod {1969) reported no appatent
reduction ih viéble counés of Baéﬁéroideé‘melahinegenicuu and
Escherichia coll when pure cultures were suspended in broth
containing 10% (v/v}) glycerol and frozen on dry ice, and they




used this fgchniquexta transport specimené of intestinal juico
for qunntitctive bacterficlogical examination. Their technique

was . therefore teated as a method for prsservinq faeces,

The survival of faecal bacteria was tested both in 10%
(w/v) au#pensidﬁkiof'faecéa in glycerol broth (prepared as
described in Appendix A)‘and‘in undiluted faeces. The
suspensions were stored at -196° (in sealed ampoules immersed in
liquid‘nitrééén), ~789 {in screw-capped bottles in solid carbon

dioxide) and at «25° and -12°C in rafrige:ators. | Whole faeces
 were sﬁbrgé‘at];196°; ~78°%, +3°%, +15°, +32° ana +37°%. |
© Further samples of faeces were examined after 24 or 48 hr in
the postg ; Several replicate samples of each specimen were
kept at eacbltomﬁerature, one being examined on each day‘éffi
testing. ~ All samples of fasces were from one individual.

The specimens were cultivated as deacrihed in ‘section 2.2,;
| using the cabinet to raccvar faatidious anaarobea. To minimiaa =
minor.fluctugti¢ns in media, each medium was pcurcd on}each-_l
day of testinglfkaﬁ,stacks pfepaﬁed onqué:giﬁgia-occasidn. -
| AL dlutions #ndiinocg{';$ionszwata cgr:ié& 6&# by the same

Person.
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Results

Stgrggg of faeces gt subozero gggggrgtureg
The total viable count for undiluted faeces stored

6vern1ght at -78° was only 94% of the initial count (Table 29)j
theipercentgge survival for fgecea'iuspended in glycerol broth
was 99%, which is notvaignificantly'different from 100%, ‘The
glycerol and not the dilution in the broth appeared to be the
protective factor. '

Further teuts showed thnt many different bacterial species
survived wmllluhen the faeces were suspendad in glycerol broth
and held at a wide range of sub-zero temperatures (Figs. 38
and 39). with two exnepticﬁs, all qrouﬁa of bacteria" |
survived at «196° , -78 and «25° with no significant losses
after one month. Lactohacizli ahownd a reduction in count .
immediately on freezing at ;95°. but once frozen, showed no
furtheriléésea. Vblllonéllae, altﬁough,stable ét‘~196° and
~78% showed slight but.significnnt‘iougaa when stared'at’;‘
higher temperatures. | | o - ”

The survival of &acteria in faecal suapensions held at
-12° was not ns good as at the 1owar temperaturess |
enterobacteria and veillonellae showed significant losaes, but
all other groups survivaé welx. -
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Table 29, Survival of anaerobic bacteria in faeces frozen -
at - 78°C (mean log,, viable bacteria per g.
wet faeces) o ‘

After freezing
Faeces diluted (1:10) in broth
Before : -y
freezing cogtaining:
Undiluted No 110% (v/v)
faeces addition |glycerol
Viable count | 9.8 | 9.2 | sa 947
% viability 100 KTy 930 99

* Significant loss: P 0.01 (obtained
from Student t-test) E
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Filge 38. Survival of bacteria in faeces
sugspended in glycercl broth,
Key: (a) suspensions frozen at =196°
(b) " woon .78
bifidobacteria

= Bacteroldes spp.

w fviridans' streptococci
= Streptococcus salivarius
enterobacteria

= enterococci

= Lactobacillus sppe.

= Veillonella sppe.

O X e M M u 0w »
[

w Clostridium spp.

The vertical bars show the range of

triplicate counts.

1 = significant reduction in viable
count (P {0.05)
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Fige 39.

(b)
1.

2.

w 263

Survival of bacieria in faeces

- suspended in glycerol broth.
Key: (a)

suspensions frozen at ~25°

suspensions frozen at ~12°

»significant reduction in viable
 count (P <0.05)

significant reduction in viable

‘count (P ¢0.01)

For description of other signs see

Fig. 38,
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Storage of faeces at temparatures above zero

‘Survival curves for bacteria in undiluted faegesistored in
air at temperatures above zero are shown in Fig. 40. No
organism showed a significant change in viable count after
storage at +3° for 24 hr, and even after 8 days the counts of
bifidobacteria, enterobacteria, lactobacilli and clostridia had
,.not changed significantly.

At 15° counts of bifidobacteria, bacterocides, 'viridans',
streptococci, veillonellae and clostridia remained unchanged
after 48 hr. At 32° there was an increase in the counts of
enterobacteria and lactobacilli, and a decrease in the counts
of veillonellae and sgg,“sggggatiuu.' These changes were even
more pronounced when the specimens were stored at 37°C, |
.The viable counts of the dominant anaerobes, bacteroides and
bifidobacteria, were reducad aignificantly only after storagn
at 37° for 48 hr.

When faeces were examined after spending 24 hr in the post,
the counts of only enterobacteria and lactobacilli, both minor
componahtt}nf the bacterial flora, had changed significantly;
after 48 hr, howuvnr, counts of only bactercides, |

bifidobacteria, veillonellae and clostridia remained unchanged.

Discussion

 These results support the work of Hollander and Nell (1954)
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: ;Surfival of bacteria in undiluted faeces

‘stored in air.

stored at 3

storad at 15

‘storad at 32

specimens sent by post |

‘significant change in viable

count (P <0. 05)
significant change 1n‘viab1é

~ count (P 0. 01)

 For description of other signs see

significant change in viable"

count (P <0.001)

Figq 38,



viable count per g

Log'o

11y

104

(o
2

7-
' *\—-1\;* If2
61 . I:_;:i;ow
N s ¢t
; £ |
5 - -
I/x\I*E:;
4 5 4 o -
M—_I‘J
34 -
I TJ 1
[ I
B L] 1 1. T Lo T T 1 Y Y 1 -1 1
O 1 2 3 4 5 6 7 8 0 1 2 0 1 2 O 1 2

Storage period (days)



.;.268-

and Drasar, Shiner and McLeod (1969) and show that even dclicate
‘anaerobic bacteria can be recovered from susponaions of faeces |
~frozen in broth without significant losses, 1f. glycerol is nsed .
as a protective agent. In this work no toxic effects of '
glycerol on tha bacteria were found, even after contact !cr
one month. |
| These‘expeximents ware carried out on diffnrent specimens ‘j‘
of faacas from the same person, but it seems unlikely that there
would be more differences fram perton to person.

Fram these results it is apparent that 1t uill be 1

- satisfactory to transport faeces undiluted, if the transit time

18 less than 24 hr;  for tranaport requirinq longer pariods of
time, a 10% snspenaian of facces in 10% Av/v) qucerol frozen

" at -25° or below, has proved satisfactoryh
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Cancer of the large bowel shows marked variations
in geographical distribution (Doll, 1967; Doll,
Payne, and Waterhouse, 1966; Davis, Knowelden,
and Wilson, 1965) and, with the exception of Japan,
the disease is more prevalent in developed than in
underdeveloped countries. The reason for this
variation is not known but epidemiological evidence
suggests that environmental factors may be involved.
It is claimed that immigrants from areas with a low
incidence of cancer of the large bowel tend to show
the same high incidence of this cancer as the local
population (Haenszel and Dawson, 1965; Buell and
Dunn, 1965). Changes in dietary habit may be
especially important (Wynder and Shigematsu, 1967;
Buell and Dunn, 1965) and diet is known to affect
the nature and distribution of bacteria in the faeces
(Hoffmann, 1964; Dubos, 1965).

Among the important metabolic activities of
intestinal bacteria is the degradation of bile salts
(Hill and Drasar, 1968). It seems possible that some
of the bacteria in the bowel could convert bile salts,
or steroids in the diet, into carcinogens; Haddow
(1958) has reviewed the ways in which it is possible,
in the laboratory, to convert deoxycholate into
20-methylcholanthrene, a potent carcinogen.

We have, therefore, compared the bacterial flora
of the faeces from people in England, an area with
a high incidence of cancer of the large bowel, with
that from people in Uganda, where the incidence is
low. We have also compared the abilities of English
and Ugandan strains of faecal bacteria to degrade
bile salts and have examined the products of bile
degradation in English and Ugandan faeces.

MATERIALS AND METHODS

Samples of freshly voided faeces from 48 healthy Ugandan
adults living in and around Kampala and from 40 healthy
English adults living in London were examined.
Specimens were preserved for transport and storage as a
109 suspension in meat infusion broth containing 10 3,
glycerol frozen on solid carbon dioxide (Drasar, Shiner,

and McLeod, 1969); the bacteria have been found to
survive well under these conditions. Specimens were
cultivated by the methods described previously (Drasar,
1967) with minor modifications. Approximately equal
numbers of English and Ugandan specimens were
examined on each day of testing in order to compensate
for minor fluctuations in culture media, incubation tem-
peratures, and operational techniques.

Methods for investigating the degradation of bile salts
are described elsewhere (Hill and Drasar, 1968; Aries,
Crowther, Drasar, and Hill, 1969).

RESULTS AND DISCUSSION

Our findings are summarized in the Table. The same

TABLE

BACTERIAL COUNTS OF FAECES FROM 40 ENGLISH AND
48 UGANDAN ADULTS!

Organism English Ugandan p?
Bacteroides 97 4 0-6 82411 <0-001
Bifidobacteria 99 + 03 9-3 406 <0001
Aerobic streptococei 70+ 0-8 7-8 £ 9 001
Enterococci 57413 70412 0-01
Lactobacilli 60 4 1-6 72+£1°1 0-01
Yeasts 1-3+18 31420 0-01
Enterobacteria 75+12 80408 >(-05
Clostridia 44 4 1-8 40 4 19 >0-05
Veillonellae 4-4 4 2-1 5-34 14 >0-05
Filamentous fungi 14412 22412 >0-05%

!Arithmetic mean of log,, organisms per g wet weight 4 standard
error.

2Agreed values obtained from both the student ¢ test and the x*® test.
sAgreed value obtained from both a rank test and the x* test.

groups of bacteria occurred in both populations but
there were significant quantitative differences.
Although the dominant bacteria in both populations
were non-sporing anaerobes (bacteroides and
bifidobacteria), the English specimens contained
30 times more bacteroides than did the Ugandan.
Streptococci, enterococci, lactobacilli, and yeasts
occurred in significantly greater numbers in the
Ugandan specimens. No significant differences were
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found in the numbers of clostridia, enterobacteria,
veillonellae, or filamentous fungi.

The observed differences in the faecal flora of the
two populations may be attributable to the radical
differences in the diets. The English people we
studied lived on diets containing mixed animal and
vegetable foods. The Ugandans lived on a high
carbohydrate vegetarian diet containing very little
fat and almost no animal protein.

As reported elsewhere (Aries ef al, 1969), English
and Ugandan strains of the same group of bacteria
were equally active in degrading bile salts, the
bacteroides and clostridia being by far the most
active in both deconjugation and further degradation
of bile salts. Preliminary results, however, indicate
that the bile salts present in English faeces are much
more degraded than those in Ugandan and this
presumably reflects the much higher numbers of
bacteroides; clostridia, though equally active and
equally prevalent in both populations, are present in
much smaller numbers. The more degraded bile
salts are presumably more likely to be converted into
carcinogens.

The results presented here are compatible with the
hypothesis that differences in the bacterial flora of
the bowel, by leading to different degrees of degrad-
ation of bile salts, might be one cause of the varying
geographical incidence of carcinoma of the large
bowel. We hope to extend this survey to study the
faeces of other populations with a high or low
incidence of large bowel cancer.

SUMMARY

In a study designed to discover whether the frequency
of large bowel cancer could be related to the bacterial
flora of the bowel, the faeces of healthy English and
Ugandan adults were compared bacteriologically.
The faeces from the English subjects contained
significantly more bacteroides and bifidobacteria but
fewer streptococci and lactobacilli than those from
the Ugandans. Bacteroides are very active in the
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degradation of bile salts and it is suggested that they
might produce carcinogens.
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We have previously reported that many strains of
enterococcl and the strictly anaerobic bacteria of the
intestine (Bacteroides, Bifidobacteria, Clostridia, and
Veillonella) hydrolyse bile acid conjugates (Drasar,
Hill, and Shiner, 1966; Hill and Drasar, 1968). More
detailed studies on the deconjugating enzyme,
cholanylglyeine hydrolase, obtained from Bacteroides
spp, Bifidobacterium spp, Clostridiim spp, and
Strep. faccalis (two strains of each) are reported
clsewhere (Aries and Hill, 1969). Here we report our
studics on the metabolism of cholate and deoxy-
cholate, and further studies on deconjugation.

METHODS

Samples of faeces from normal persons living on a mixed
dict in England, and from normal persons living on a
vegetarian diet in Uganda were examined baeteriologie-
ally using the methods deseribed previously (Drasar,
1967), modified to facilitate the isolation and identification
of Bacillus spp, Pseudomonas spp and anacrobie Sarcina.
Tju: differences between the faecal flora of Ugandans
and English people are discussed elsewhere (Aries,
Crowther, Drasar, Hill and Williams, 1969). :
_ The bacteria were grown at 37°C under the conditions
lisied in Table I. Bacteria from 50 'ml of broth culture
were harvested by centrifugation and resuspended in
0-5 ml of supernatant. This suspension was mixed with
05 ml of a 0-1% solution of substrate (taurocholate,
holic acid, or deoxycholic acid) in 0-02 M phosphate
buffer solution pH 7 and incubated at 37°C for 48 hours.
Degradation products wcre separated by thin layer
hromatography on silica gel G (Merck) using the
olvents described by Eneroth (1963). Standard solutions
#¢re included on all plates; these contained sodium
laumcho]alc (Maybridge Research Chemicals Ltd,
Emnccston, Cornwall), cholic acid, deoxycholie acid,

mnodeoxycholic acid, lithocholic acid (all from Koch-
ght Laboratorics), cholanic acid (Steraloid Ltd), 7
ff"dcqucholic acid, 12 keto lithocholic acid, and 7,12
’-':«;m lithocholic acid, all prepared by oxidation methods
ot 1 ”‘C( parent hydroxyl compound (Fieser and Rajago-
N, 1949; Bergstrom and Haslewood, 1939).

[}
H

575

,5‘," /v
i
TABLE /I
GROWTH MEDIA AND CONDITIONS OF TH_E VARIOUS
ORGANISMS STPDTED

Bacteria Median Pcriartf of Armosphere  Other :
Growr(l Conditions
(hr) f
B

Enterobacteria Glucose broth 24] Air !
Enterococci Glucose broth 24 Air !
Str. salivarius  Reinforced 4 Air

clostridial

medium
Lactobacilli Reinforced 48 902, CO, +

clostridial 10%; air !

medium : !
Clostridia Reinforced 48 10% CO,

clostridial in H,

medium
Veillonclla " Reinforced 72 10% CO,

clostridial in H,

medium
Bacteroides Reinforced 72 10% CO,

clostridial inH,

medium .
Bifidobacteria Reinforced 72 10% CO,

clostridial in H,

medium
Bacillus spp Glucose broth 24 Air Shaking
Anaerobic Reinforced 24 0%, CO.
Sarcina clostridial in Hy

medium

RESULTS

Groups of organisms unable to deconjugate sodium
taurocholate in the more concentrated solutions
used in our previous studies were unable to do so in
the dilute solutions used herc.

Many strains of Bacteroides spp, Bifidobacterium
spp, Clostridium spp, Veillonella spp and entero-
cocci were able to degrade cholate and deoxycholate
yielding one or more products (Table I1). Strains of
these genera also deconjugated bile salts. In ad-
dition, many entcrobactcria, none of which were
able to deconjugate bile salts, were able to meta-
bolize the bile acids. The reaction was subject to
substrate inhibition and very little reaction with 0-5%
cholate was detected (Hill and Drasar, 1968).
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TABLE II -

ORGANISMS ABLE TO DEGRADE TAUROC)fOLATE, CHOLATE,
. AND DEOXYCHOLATE

Organism Source No. Percentage Able to Degrade Bile
’ of Tested
Facces Taurocholate Cholute Dcoxycholute
Enterobacteria Uganda 180 0 53 32
England 87 0 78 39
Enterococei  Uganda 162 90 68 18
England 90 93 8t 29
Str. salivarlus Uganda 37 0 [} [}
England 45 [} 0 [
Lactobacilli  Uganda
and 48 [} 0 [}
England ’
Clostridia Uganda 60 * 96 91 43
England 70 94 87 47
Bifidobacteria Uganda 137 86 47 18
England 57 74 56 21
Bacteroides Uganda 17 n 48 18
: England 37 82 9 3o
Bacilli Uganda 36 11 25 0
England - 45 49 9 0
Veitlonella Uganda 72 36 19 1
England 20 95 90 30
Anaerobic Uganda 12 67 58 [1]
Sarcina

(It is possible that a higher proportion of strains
would prove to be active at still lower substrate
concentrations.)

A numbcr of strains of each of the active genera
are under more extensive investigation. In general
the enterobactcria produce only a single degradation
product from cholic acid, usually 7 ketodecoxycholate.
The Bactcroides and Clostridia are much more
aciive, producing a number of products, some of
which have been identified as deoxycholic acid, litho-
cholic acid, and possibly cholanic acid together
with 7 kctodcoxycholate. In addition, a number of
products in which the o hydroxy! groups have been
inverted to the B form (presumably by way of keto
intcrmediates) have been tentatively identified.

DISCUSSION

The conversion of cholate to deoxycholate (Mid-
tvedt, 1967; Coccucci, and Ferrari, 1963) and other
products by bacteria is now well documented.
Midtvedt and Norman (1967) have screcned a

Vivieune Aries, J. S. Crowrh‘eﬂr: B. S. Drasar, and M. J. Hill - -

number of anaerobic bacteria and” identified the
products of cholate metabolism as 3x 12« dihydroxy
7 keto cholanate, 3z hydroxy 7,12 diketo cholanate,
and 3, 7, 12 triketo cholanate. We have not detected
the two latier metabolites but this may be a result
of the reaction conditions; Midtvedt used a much
lower substrate concentration and incorporated it
in thc growth medium, The concentration used in
our work (0-05 ) is the lowest that can conveniently
be uscd with our detection methods.

In conclusion, our results demonstrate that, in the
metabolism of bile salts and acids by intestinal
bacteria, the strictly anaerobic bacteria are of major
importance. Our investigations on human faecal
steroids indicate that this is probably true iz vivo
as well as in the situation in vitro described here.

We would like to acknowledge the financial support of
the Medical Research Council (M.J.H. and B.S.D.) and
the British Empire Cancer Campaign (V.C.A. and 1.5.C.).
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Professor R. Blowers for obtaining the Ugandan faecal
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CANCER of the colon is primarily a disease of developed countries; the incidence is highest
in Europe and North America and low among the indigenous natives of Asia, Africa and
South America (Doll, Payne and Waterhouse, 1966). This variation in incidence, supported
as it is by other observations (e.g., Wynder et al., 1969), suggests that diet may be among the
most important factors involved. The effect of diet might be mediated by the action of in-
testinal bacteria if, for example, some strains have the capacity to produce carcinogens from
dietary components or from intestinal secretions (Aries ef al., 19695b).

As part of our study of this hypothesis we have investigated the faecal flora and faecal
steroids in a group of strict vegetarians who do not eat animal products of any kind, and
compared the findings with those in English people living on a normal mixed diet. Though
there was no gross difference in the faecal bacterial florain the two groups, there were interest-
ing differences in the concentration and composition of the faecal acid steroids and in the
ability of the gut bacteria to degrade bile acids.

MATERIALS AND METHODS

Faeces were collected according to the method of Aries ez al. (19695); bacterial specimens
were cultivated by the methods described by Drasar (1967) and Drasar and Crowther (1970);
faecal steroid extractions and analyses were performed by the technique of Hill and Aries
(unpublished), and the activity of bacteria in degrading bile salts was investigated by the
method of Aries ez al. (1969a). The results are presented in tables I and IL.

DISCUSSION

The one striking difference between the faecal bacterial flora in the two groups was the
occurrence of anaerobic sarcinae in faeces from the strict vegetarians (table I); these organ-
isms have not previously been reported as being present in faeces from healthy adults, though
we have isolated them in large numbers from faeces of a high proportion of people living on
substantially vegetarian diets in Uganda and South India. Apart from this finding, there
was no highly significant difference in the numbers of the major groups of bacteria in faeces
from the two groups of people.

Although the faecal flora of the strict vegetarians was similar to that of people on a mixed
diet, the strains of bacteria isolated from them were less active in degrading bile salts and
acids in vitro. Only 20 per cent. of the cultures of Bacteroides spp. isolated from faeces of
strict vegetarians had the enzyme 7-dehydroxylase (Aries and Hill, 1970) compared with
44 per cent. of those isolated from people on a mixed diet. The dehydroxylase enzyme pro-
duces mono- and un-substituted bile acids from the di- and tri-substituted cholanic acids
secreted in the bile. Only 30 per cent. by weight of the faecal bile acids of the strict vegetarjans
are mono- or un-substituted compared with 49 per cent. of the faecal bile acids of people
on a mixed diet (table II). Further, the total concentration of acid steroids is much lower
in the faeces of strict vegetarians than in the faeces of people on a mixed diet. It has been
shown that the faecal bile acid concentration depends on the amount of dietary fat (Hill,

Received 17 Apr. 1970; accepted 15 July 1970.
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in press), and that strict vegetarians consume a smaller amount of fat than do people on a
mixed diet (Ellis and Mumford, 1967).

TABLE I

Viable counts of bacteria in facces from 40 adults living on mixed diets and

18 adults living on strict vegetarian diets

Mean log;p organism count (stan-
dard error) per g s;vet weight faeces in
adults on
. P for difference
Organism between A and B
. . ok a strict vegetarian
a mixed diet diet
) ®)
Bacteroides 9-740:6 9-740-3 >0-05%
Bifidobacteria 9:9.1-0-3 96--0-4 >0-05F
Enterobacteria 7-541-2 7:0+£1-8 >0-051
Aerobic streptococci 7-0--0-8 6612 >0-051
Enterococci 57413 4-841-3 >0-051
Lactobacilli 60116 7-44-1-4 >0-05%
Clostridia 4-541-7 27419 >0-051
Veillonellae 45419 48120 >0-05%
Yeasts 1-9+1-3 30417 >0-051
Filamentous fungi 1-8--0-7- 1-7-£0:8 >0-051
Sarcinae Not found 2:41-2-2§ .

* — Data from Aries et al. (1969a).
+ = Values obtained from Student’s # test and the x2 test.
1 == Values obtained from the rank test and the x2 test.

§ = Organisms isolated from only six of 18 specimens.

TasLE IT

The faecal aczd and neutral steroids of strict vegetarians and of people

ona normal mixed diet

Neutral steroids Percentage composition of the
(mg per g dry weight faeces) acid steroids thg.l
No. of stgcc;' ds
Diet people | roids,
tested . . mono- (mg per g
chol- copro- total tri-sub- | di-sub- Sib- un-sub- weight
esterol stanol stituted | stituted | o0 ioq | stituted faeces
Mixed 20 3-32 677 10-81 8 43 44 5 613
Strict 15 1-91 5-88 891 18 52 28 2 3-50
vegetarian

A number of bile acids have been shown to be carcinogenic (Druckrey, Richter and Vier-
thaler, 1941; Lacassagne, Buu-Hoi and Zajdela, 1961, 1966). The bile acid, deoxycholic acid,
can be chemically converted into the potent carcinogen, 20-methylcholanthrene (Haddow,
1958), and it is possible that bacteria can perform the same conversion, Such reactions would
be more likely to occur in the intestine of people on a mixed diet since their gut bacteria are
more active against bile acids, and the reaction could be more important in these people
since the substrate concentration in their intestine is higher,
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SUMMARY

As part of a study of the aetiology of cancer of the large bowel the faecal bacterial and
fungal flora and the faecal steroids of English people living on a strict vegetarian diet have
been compared with those of Enghsh people living on a mixed diet, There was no gross
difference in the number or the species of organisms present in the two groups, but fewer
of the species of Bacteroides in the faeces of strict vegetarians could dehydroxylate di- and tri-
substituted cholanic acids, and the faeces of strict vegetarians contained relatively smaller
quantities of mono- and un-substituted acid steroids, and lower concentrations of total bile
acids, than those of persons on a mixed diet.

We would like to thank the strict vegetarians for their helpful co-operation in this
study and to acknowledge the excellent technical assistance of Miss Deirdre Blann and Miss

Rosalind Steward. This work was supported by the British Empire Cancer Campaign
for Research.
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The Cultivation of Human Intestinal Bacteria

B\.S?‘~DRASAR AND J. S. CROWTHER

Bacterzalagy Department Wright-Fleming Institute, St. Mary’s Hospital
Medical Sckool London, England

The bacterial flora of the intestine is very complex. The aerobic bacteria, .

such as enterobacteria and enterococci, are easy to grow and attention has|

in the past focused upon them. However, non-sporing anaerobes were first
isolated from facces many years ago (Disato, 1914) and their numerlcal

[

l

dominance was demonstrated over thirty years ago (Sanborn, 1931; }3

Eggerth and Gagnon, 1933). Since anaerobic bacteria appear to be o
great importance we have tried to develop methods for their quantitative
recovery.

-Although the aerobic bacteria in faeces probably protect the anaerobic
bacteria by the production of an anaerobic micro-environment, preservation
of specimens is essential if the relative numbers are to be maintained for
any time.

The cultivation of oxygen-sensitive bacteria presents difficulties: using
conventional techniques anaerobic bacteria are exposed to oxygen dissolved
in diluents and culture media. The spreading of specimens on plates
(solates single bacterial cells in the presence of oxygen and this maximizes
" its lethal effects. Even in an anaerobic jar diffusion of dissolved gas from

‘ ; agar plates is slow and the exposure of anaerobic bacteria to oxygen is

" prolonged.
~ The preparation, dispensing and inoculation of media under a stream
of oxygen-free gas, as suggested by Hungate (1950), has considerable
_advantages, but the manipulatory difficulties of the technique are con-
- . siderable and, furthermore, plates cannot be used. We have used an
anaerobic cabinet to overcome the manipulatory difficulties of the Hungate
technique while preventing access of oxygen to the culture media during
" the preparation of culture plates, inoculation and incubation.
In addition to the preservation and cultivation of specimens the mainten-
ance of pure cultures of non-sporing anacrobes is important.
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The Preservation and Transport of Specimens

We have routinely preserved specimens of faeces and intestinal juice
frozen as a 1:10 dilution in a glycerol broth containing 19, Lab Lemco
(Oxoid) and 109 glycerol (Drasar, Shiner and McLeod, 1969). Detailed
bacteriological analysis of replicate samples of faeces taken before freezing
and at periods of up to one month after freezing showed no significant
change in the viable counts of the various organisms present in the sample
(Crowther, 1971, in preparation for ¥. appl. Bact.)

The Anaerobic Cabinet and its use
The cabinet (F 1g 1) consisted of an alrtlght Perspex glove box fitted w1th

I eyt
I

A g e et e —_—

B e . o
Fic. 1. The anaeroblc cabmet Wlthm the body of the cabinet can be seen 2
photographic warming plates for drying plates. A converted milking machine pail

is in the air-lock. The body of the cabinet (excluding the air-lock) is 3 ft long.

gas-tight doors. The bulk of the oxygen was removed from the cabinet by
burning a spirit lamp within it; at the same time the cabinet was flushed at
" approximately 20 I/min with nitrogen containing 109 carbon dioxide;
the final traces of oxygen were removed by recirculating the cabinet’s
atmosphere through a hot, copper-packed deoxygenating column* (Moore,

1966) at 27 1/min. During culture of bacteria a slight positive pressure was ..

maintained in the cabinet; the gas flow was reduced to 5 /min.

Stainless steel milking-machine pails with vacuum tight lids (Fullwood
_Bland and Co.) fitted with vacuum taps and cold catalysts (“D” catalyst,
" Engelhard Industries) were used in' place of conventional anaerobic jars

- * See also p. 134,
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as suggested by Schaedler, Dubos and Costello (1965). When used in
conjunction with the cabinet the pails were evacuated before being placed
in the airlock. '
‘Preparation of media for use in the cabinet
Reinforced Clostridial Agar (Oxoid) fortified with 19 liver digest (Oxoid)
was used for the culture of the strict anaerobes. The pH was adjusted to
7-5 giving a final pH of 7-3 after autoclaving at 121°/15 min. The medium
was prepared in bulk and stored until required. The agar was steamed
~ with the cap loose, the cap being retightened on removal from the steamer.
The molten agar was passed into the cabinet, the blood added, and the
plates poured; they were dried on a warming plate.

TasLE 1. Media for the isolation of intestinal bacteria

Medium : Incubation Organism Notes, sources and
. - Atmos- Days references
phere
Reinforced An 4 Total anaerobes Oxoid with 19 liver

Clostridial Agar : - digest and 10% horse
o blood. pH adjusted to

. 7-54:-0-1 before auto-

- o . ) _claving. Plates poured,

' ‘ ’ dried and inoculated in

: S : . _ cabinet,
Rogosa’s Agar (V) An 4 Veillonella Rogosa (1956), Rogosa
\ . etal. (1958)
Tomato Jutce Agar i 1 Anaerobic sarcinae  Oxoid; pH adjusted to
70
Willis & Hobbs’ 4 Clostridia \;IVillis an_d Hobbs(1959)
Agar - eomycin 40 pgfml
An 1 Clostridia, . Inoculum heated for 10
B Anaerobic sarcinae min at 70°. No anti-
;o ‘ biotics
Azidp agar 0 1 Enterococci Schaedler et al. (1965)
i Blood agar 1 1 Total aerobes
+ MacConkey’s Agar 0 1  Enterobacteria, Oxoid
, : Enterococci
Mannitol Salt Agar 0 3 Staphyloccus aureus, Oxoid, incubate 30°
' Bacillus spp :
Rogosa’s Agar (L) 90%CO, 3 Lactobacilli Rogosa et al. (1951)
Sabouraud’s Agar 0 5 Yeasts, filamentous Chloramphenicol 40
. fungi pgfml duplicates incu-
: : . bated 37° and 22°
S, Agar ) 0 2 Streptococcus Williams and Hirsch
- .  salivarius (1950)
- Nutrient agar 0 1 Bacillus spp Inoculum heated for 10
' min at 70°

O, aerobic; An, anaerobic (90 % (v/v) H, and 10 % (v/v) CO,). Incubation, 370,
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Brain- heart infusion broth (Oxoid) with L-cysteine HCI (0-05%;) was
used as a diluent. The broth was steamed before use.

Inoculation of media

Table 1 gives details of the media routinely employed. Specimens were
inoculated on to Reinforced Clostridial Agar into the cabinet; the other
media were inoculated on the open bench.

Tenfold dilutions of the specimens were prepared in the cabinet. An
0-1 ml sample of each dilution was spread on to the prepared plates; these
were then packed into an anacrobic jar in the airlock. The jar was removed
and its atmosphere twice replaced by a mixture of 909 hydrogen and 10%
carbon dioxide before incubation at 37°.

‘To count anaerobic sarcinae and spore formers serial dilutions of the
specimen were heated for 10 min at 70° before plating out. After anaerobic
incubation sarcinae could be readily distinguished (Crowther, 1971).

The Preservation of Strains of Strictly Anaerobic Bacteria

Strains of strictly anaerobic bacteria were preserved by the addition of
sterile glycerol to a final concentration of 109 to a 4-day culture of the
organism in Robertson’s meat broth (Southern Group Labs.). The cultures
were stored frozen at —20° or below. Over 809 of the cultures remain viable
for at least 9 months. Cooked meat broth prepared from tablets (Oxoid)
does not support the growth of non-5pormg anaerobes and therefore should
not be used

Discussion .
The media and methods described here enable us to count the major
broad groups of bacteria present in the intestine. The methods are similar
to those described previously (Drasar, 1967) but the usc of reheated media
in the cabinet simplifies the procedure for the cultivation of oxygen-
sensitive bacteria.

Oxygen cannot dissolve in  the media or dlluents thhm the cabmet and
this reduces the exposure of oxygen sensitive bacteria to its influence, The
use of an anaerobic cabinet enables one to isolate numerous oxygen-
sensitive bacteria not readily cultivated by conventional techniques
{(Drasar 1967, Lee, Gordon and Dubos, 1968; Aranki et'al., 1969).
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The geographical variations in the in-
cidence of carcinoma of the colon seem
to be correlated with variation in the fat content of the
diet. It was postulated that intestinal bacteria might be
able to produce carcinogens from dietary fats or from
bile steroids, and that the variations in the incidence
of colon cancer might depend partly on differences in
the composition of the intestinal bacterial flora brought
‘about by the differences in diet. Samples of feces
from six areas were examined for their content of
bacteria and steroids. Fzces from people in Britain
and the U.S.A., where the incidence of colon cancer
is high, had higher counts of Bacteroides and lower
counts of enterococci and other aerobic bacteria than
fzces from people in Uganda, South India, or Japan,
where the incidence of the disease is low. Feaces from
people in the “ Western ”’ countries contained higher
concentrations of steroids than those from the African
and Eastern countries, and the steroids were also more
degraded. The results are consonant with the thesis
that the intestinal bacteria may be ztiologically related
to cancer of the colon.

Summary

Introduction

CANCER of the large bowel is much commoner in
North-West Europe and in North America than it is in
East Africa, Asia, and South America.’~* The areas
with a low incidence of the disease, with the exception
of Japan, have a low standard of living and the high-
incidence areas have a high standard. These geographi-
cal differences do not seem to be explicable on a racial
basis, since Japanese who migrate to California retain
their low-incidence experience provided they retain
their original cultural habits ; the process of * westerni-
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sation », either in California * or in Japan,’ seems to
be associated with a trend towards a higher incidence
of colon cancer. Nor can geography alone explain the
difference: the three racial groups in Hawaii differ in
their incidence of colon cancer as do the different
racial groups in South Africa.®

On the other hand, several studies have indicated a
possible relation of colon cancer to diet—either fat ®
or protein.” Although the existence of carcinogenic
compounds in cooked food has been postulated (e.g.,
benzpyrenes derived from cooking-oils, aflatoxins
formed by moulds), none of these could explain the
geographical distribution of colon cancer.

Dietary differences might, however, explain the
observed differences in the disease if the diet deter-
mined the composition of the bacterial flora of the gut
and if bacteria were able to produce carcinogenic (or
cocarcinogenic) substances from food or from the
intestinal secretions. Such a hypothesis has the added
attraction that diet might have its effect both by
altering the supply of the substrate for carcinogen
production and by altering the numbers and nature of
the bacteria available to act on it.

Although there are a few reports of the production
of carcinogens by microorganisms, such as aflatoxin by
Aspergillus and the release of the aglycone methoxyazo-
methanol from cycasin, there do not seem to be any
reported studies of the possible production of carcino-
gens by gut bacteria from foodstuffs or secretions.
However, some bile-acids have been shown to be
carcinogenic—e.g., deoxycholic acid,*~!° bis nor- A5-
cholenic acid,!! and apocholic acid.l? Inhoffen !*
reviewed the structural similarity between steroids and
the polycyclic aromatic carcinogens, and deoxycholic
acid can be converted chemically into the very potent
carcinogen 20-methyl-cholanthrene 14 via dehydro-
norcholene (fig. 1). Possibly bacteria can perform a
similar conversion. Dehydronorcholene, which is not
carcinogenic, can be converted into a carcinogenic

CooH

0H
Deoxycholic acid Oehydronorcholene  -20-methyl cholanthrene

Fig. 1 —Chemical conversion of deoxycholic acid to 20-methyl-
cholanthrené via dehydronorcholene.



TABLE J—POPULATIONS STUDIED

Coux_:tr.y of *Incidence of Population studied Diet
origin colon cancer
England .. .. 18-2 People working at St. Mary’s Hospital Medical School Normal Western mixed
Scotland .. .. 312 People working at Edinburgh University Medical School » » »
U.8.A. .. .. 281 People working at Center for Disease Control, Atlanta » » »
India .. e 57 Villagers living close to Vellore, South India: controls Rice diet, no meat and
in a study of tropical sprue little fat
Uganda .. . 06 Villagers living in Kyandondo region: parents accom- Matoke (boiled mashed
panying children to kwashiorker clinic bananas)
Japan .. 49 Villagers living near Yonaga: mostly farmers and house- Fruits and vegetables.
Little meat and fat

wives

* Mean values for men and women, age-adjusted (R. Doll, personal communication).
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metabolite by the action of intestinal bacteria, 15

Evidence that diet can alter the composition of the
intestinal bacterial flora was presented by Hoffmann,¢
but large-scale studies are lacking.

We have demonstrated that the change from a
normal mixed diet to one low in fat is followed by a
fall in the fzcal concentration of acid steroids,!? pre-
sumably by reducing the rate of secretion of bile.

We report here a study in which we have examined
the faecal bacterial flora in groups of normal people
living in six areas—three with a high incidence and
three with a low incidence of colon cancer. We have
also determined the composition and concentration of
the acid steroids in the fzeces of the same subjects and
have investigated the ability of bacteria isolated from
their faeces to degrade steroids or dietary fats. The
results are consonant with the hypothesis that diet
might influence the incidence of colon cancer and that
the gut bacteria might play an important part in the
wztiology of the disease.

Methods
Populations Studied

The characteristics of the groups of people included in
this study are set out in table 1. They were healthy indi-
viduals of each sex, mostly aged 20~50. The English were
all staff, students, or nurses at St. Mary’s Hospital and
Medical School, London, and were mostly aged 20-30. The
Scots were staff and students at Edinburgh University
Maedical School. The Americans wete staff members at the
Center for Disease Control, Atlanta, Georgia. All the
people in these three groups lived on diets containing
animal and vegetable matter and rich in animal fat and
protein. The Ugandans were parents of children attending
a malnutrition clinic in Kampala and all lived on a diet
consisting largely of matoke (boiled mashed bananas) and
containing very little animal matter and very little fat. The
Indians were from a village close to Vellore in South India
and were ‘“ healthy controls ” in a study of tropical sprue.
‘They lived on a rice-based diet containing little, if any,
animal matter and very little fat. The Japanese were from
a small village near Yonaga and were mostly from farming
families. Their diet consisted largely of fruit and vegetables
with very little fat or animal matter.

Completely reliable statistics for the incidence of carci-
noma of the colon, or its mortality, in various countries are
not available; in particular mortality statistics are likely to be
very misleading in developing countries. However, Doll 2
has collected figures for the incidence of this disease from
a number of special surveys (table 1). The figures for the
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United States refer to white individuals, whereas our results
are from black and white; and the Indian figures are for
Bombay, which is remote from thé Southern Indian area in
which our subjects lived, but there is no reason to think
that there would be a substantial difference between the
two areas,

Bacteriological Methods

Fresh samples of fzeces were diluted 1/10 in 109, glycerol
broth and immediately frozen in solid carbon dioxide or in
liquid nitrogen for transport to London. We have not been
able to detect any significant loss of living bacteria from
samples of faeces stored in this way for over 1 month.1®

The methods used for isolating and counting the bacteria
have been described in detail by Drasar 1? and by Drasar and
Crowther 2°; the definition of the bacterial groups are as
described by Drasar,!® except that, in accordance with
current usage, the term “ anaerobic lactobacillus » has been
replaced by *“ Bifidobacterium >. The standard error of the
means of groups of 24 replicate samples has been found to
be of the order of 0:05 log,, counts. In order to provide
some control on the bacteriological methods, samples of
feeces from English subjects were included among each
batch of specimens from other countries.

Preliminary investigations showed that, among adults,
age and sex had no effect on the feecal bacterial flora.

Biochemical Methods

Fresh samples of whole faces were frozen in solid
carbon dioxide or liquid nitrogen for transport and storage.
The methods used for measuring and characterising the
feecal steroids are described in detail by Hill and Aries.?!

Results

Fecal Bacteria

The same broad groups of bacteria were found in
feeces from all the populations studied, except that
. Sarcina ventriculi was present only in the fzces of the
vegetarian people.?? There were, however, substantial
differences in relative numbers of several of the bac-
terial groups. The British and American subjects
yielded many more of the gram-negative non-sporing
anaerobes (Bacteroides spp.) than did the Ugandans,
Indians, or Japanese. Conversely the Indians and
Japanese had many more aerobic bacteria (streptococci
and enterobacteria), so that the ratio anaerobes/aerobes
was much higher in the people living on a Western
diet than in those on the largely vegetarian diets
(table 11).

More detailed bacteriological studies revealed further
differences. For example, the numbers of enterococci



TABLE II—BACTERIAL FLORA OF FRCES

Mean log,, colonies per g. wet weight

— United States
England Scotland Uganda Japan India
White Black :

No. of samples examined . 68 23 22 12 48 17 51
Bacteroides spp. .. .. . 98 9-8 9-7 9-8 8-2 94 9-2
Bifidobacterium spp. .. .. 938 9:9 101 9-9 93 97 9-6
Clostridium spp. lccnhmase+ 4-2 42 34 36 40 46 42
Clostridium spp. lecithinase — . . 57 56 55 49 5-1 55 57
Veillonella spp. .. .. . 42 38 34 5-2 53 47 58
Sarcina ventriculi . .. — — - — 52 + 4-6
Lactobacillus spp. 65 . 77 65 80 72 7-4 7-6
Bacillus spp. .. 37 33 36 39 45 44 49
Escherichia spp. and other enterobactena 79 7-6 7-4 7-3 - 8-0 93 79
Streptococcus spp. .. 7-1 68 7-0 71 7-8 85 79

Enterococei .. 5-8 5-3 59 50 70 81 7-3
Total anaerobes. . - .. . 10-1 10-2 102 102 9-3 9-9 9-7
Total acrobes .. .. . .. 80 77 75 75 B2 9-4 82

total anaerobes
Log,y, —— 21 25 27 27 11 05 1-5
total acrobes

+ =Colonies found but not quantitated.

— =None found in 0-1 g. feeces.
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per gramme were 10%°8 in feces from English subjects
and 1072 in fzces from the Indians, but preliminary
investigations indicate that, whereas 649 of the
English enterococci were Streptococcus fecalis and
339, Str. feecium, only 22%, of the enterococci from the
Indians were Str. fecalis and 659 were Str. fecium.
Thus, although the difference in the total count of
enterococci was 30-fold, the difference in the count of
Str. fectum was 60-fold,

In an attempt to elucidate the factors leading to
these differences we examined frces from a small
group of English people living in Uganda on a normal
Western diet. These had a fecal flora virtually the
same as that of English people living in England on a
mixed diet. Further,  black Americans living in
Atlanta had a fecal bacterial flora qualitatively and
quantitatively the same as white Americans in Atlanta,
These results suggest that neither race nor climate is a
major determinant of the facal bacterial flora. A
small group of strict vegans living in London had a
faecal bacterial flora indistinguishable, except for the
presence of Sarcina ventriculi, from-that of the London
people living on a mixed diet. The vegans, although
living on a strictly vegetarian diet containing no animal
matter whatever, nevertheless consumed as much
protein and more than half the amount of fat consumed
by people on a mixed diet.?®* The striking difference,
therefore, between the diet of the British (including
the vegans) and Americans and that of the remaining
groups is the low fat intake of the latter.

Fecal Steroids

Steroids were present in much lower concentration
in feces from the Ugandan, Indian, and Japanese
than in the faeces of the British and Americans (table
111); possibly the low cholesterol content of the diet
of the former group resulted in a reduced rate of loss
of steroids in feeces.®*

The neutral-steroid concentration in feeces was very
low in Ugandans and Indians, intermediate in Japanese,
and high in British and Americans. Coprostanol and
coprostanone, which are the bacterial metabolites of
cholesterol and are formed in the large bowel,?> consti-
tuted a much smaller proportion of the total neutral
steroids in the Ugandans (55%,), Indians (62%), and
Japanese (439%) than in the Western group (English
69%, Scottish 719%, white Americans 649, black
Americans 729%,). Except for the Indians, these
differences are statistically significant and suggest that



TABLE II—STEROID CONCENTRATIONS IN FRCES

United States

England Scotland Uganda Japan India
White Black
No. of samples examined .. 26 18 24 12 11 18 18
(a) Total steroids . .. .. 16-86 16'28 1673 16-64 2:37 640 2:02
(&) Neurral steroids: .. . 10-81 10-10 10-73 1037 1-82 4-52 1-51
{¢) Cholesterol . . 332 2-89 3-83 2:93 0-81 2:59 057
(d) Coprostanol . .. .- 677 6-68 619 679 0-90 1-89 073
{¢) Coprostanone .. . . 072 053 0-71 0-65 0-11 0-04 0-21
d+te :
% —— .. .. .. . 69 71 64 72 55 43 62
b
(f) Acid steroids: .. - 615 618 6:00 6-27 045 0-88 051
(g) Trisubstituted .. .. 0-48 0-31 0-60 —_ 0-10 022 005
(k) Disubstituted Total .. .. 2-49 2:84 2:64 —_— 0-20 0-55 035
Dihydroxy .. 1-47 247 2:22 — 0-13 050 029
(f) Monosubstituted and unsubstituted 3.08 303 2-74 - 0-15 011 011
i
% — .. . .. .. 51 49 46 33 13 21
f
Ratio ifg .. .. . .. 64 98 46 — 15 05 22
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the people living in Britain and North America, with
a high incidence of colon carcinoma, have an intestinal
bacterial flora that is much more active at degrading
cholesterol than that in those from Uganda and Japan.

There are even larger differences in the fecal
concentration of acid steroids derived from bile-salts;
the concentration of these was 11 times greater in the
British and Americans than in the Ugandans and
Indians and almost 7 times greater than in the Japanese.
Moreover, there were corresponding differences in the
degree of degradation. Dehydroxylation is one of the
principal ways in which bile-acids are degraded by
intestinal bacteria, and the ratio of monosubstituted
and unsubstituted to trisubstituted cholanate gives
a crude measure of the amount of dehydroxylation
occurring during a single transit of the gut. This
ratio was 9-8 for the Scots, 6-4 for the English, and
4-6 for the Americans, compared with only 1-5 for the
Upgandans, 2-2 for the Indians, and 0-5 for the Japanese.

Ability of Pure Cultures of Bacteria to Degrade Bile-salits
The ability of pure cultures of various intestinal
bacteria from the different countries studied' were
tested for their ability to degrade bile-salts. The bile
degradative enzymes studied (fig. 2) were:

(a) Cholanoyl hydrolase, which deconjugates bile-salts,
releasing the free bile-acid.

(¥) Hydroxycholanoyl dehydrogenases, active on the
3a, 70, and 12« hydroxyl groups.

(¢) Hydroxycholanoyl dehydroxylase, which removes the
7« hydroxyl group from cholic acid (giving deoxycholate)
and from chenodeoxycholate (releasing lithocholate).

Tests for these enzymes were performed on strains
of a wide range of bacterial species and genera isolated

14
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Fig. 2—Action of bile degradative enzymes studied.
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from fzces of English and Ugandan people.?® Lacto-
bacilli, streptococci other than those of Lancefield’s
group D, Bacillus spp., yeasts, and fungi were virtually
inactive, whilst the Sarcina ventriculi strains and the
veillonelle had enzymes of only low activity.

Many of the strains of Bacteroides spp., Bifidobac~
terium spp., group-D streptococci, and Clostridium spp.,
but no strain of Escherichia coli, possessed the chol-
anoyl hydrolase, whilst a large proportion of all the
species just mentioned (including Esch. coli) were able
to dehydrogenate the 7« hydroxyl group; a smaller
number were able to dehydrogenate the 3« and 12«
groups. There were no great differences in the pro-
portion of English and Ugandan strains producing
hydrolases and dehydrogenases. However, whereas
very few Ugandan strains had 7« dehydroxylase, about
409, of the English Bacteroides spp., Clostridium spp.,
and Bifidobacterium spp. were able to perform this
reaction, as were 119 of the enterococci (table 1v).

In the examination of strains of bacteria from other
countries only the Escherichia coli, group-D strepto-
cocci, Bacteroides spp., Bifidobacterium spp., and
Clostridium spp. were tested (since English and Ugan-
dan strains of the other genera had little or no sterpid-
ase activity) and only the 7a-dehydroxylase was
examined (since high proportions of strains from both
England and Uganda were able to perform the other
reactions). Again, although very few Indian strains
were able to 7a-dehydroxylate, 40-509%, of the anaer-
obic bacteria of American and Scottish people were
able to perform this reaction. Thus not only are there
many more of the non-sporing anaerobic bacteria in the
feces of people from the areas in which the incidence
of colon carcinoma is high, but a much higher pro-
portion of their strains are able to perform this very
important bile-degradation reaction.

Discussion

The conclusion from these investigations can be no
more than tentative because of the small numbers of
subjects whom we have been able to study and the
considerable element of doubt surrounding the real
incidence of colon carcinoma in various countries.
Nevertheless the results strongly support the postulate
that the geographical differences in the incidence of
colon carcinoma may be related to dietary habits, and
that these could operate through their influence on the
nature and numbers of the intestinal bacteria.



TABLE 1V—-7 ¢-DEHYDROXYLASE PRODUCTION BY INTESTINAL BACTERIA

England Scotland United States Uganda India
A B A B A B A B A B
Bacteroides spp. .. . 50 44 24 56 10 50 42 33 20 5
Bifidobacterium spp. . 57 40 24 56 10 50 137 4 20 5
Clostridium spp. - . .. 70 34 38 45 10 60 60 6 14 0
Enterococci . . 90 11 30 40 0 _ 162 3 24 0
Enterobacteria .. 87 0 30 0 0 — 180 0 32 [V}

A=no. of strains tested.

=9 of strains with this activity.

IT
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People living in the areas with a high recorded
incidence of carcinoma of the colon tend to live on
diets containing large amounts of fat and animal protein,
whereas those who live in areas with a low incidence
live on largely vegetarian diets with little fat or animal
matter. The latter group have a feecal flora containing
relatively larger numbers of streptococci (especially of
group D) and enterobacteria than the former and
somewhat smaller numbers of bacteroides; the
relation between the counts of these groups, and also
between the ratio, total anaerobes/total aerobes, and
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Fig. 3—Relationship between (a) ratio of anacrobes/aerobes in
fzeces; (b) log count of bacteroides per gramme wet weight of
fces; (¢) log count of enterococci per gramme wet weight of
faces, and incidence of cancer of colon in countries studied.
U=Uganda, J=Japan, I=India, E =England, U.S. =United

States, S=_Scotland.
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;ihe incidence of cancer of the colon are shown in
g. 3.

In general, the anaerobic bacteria metabolise steroids
more actively than the aerobes. The high-fat diet which
is associated with the outgrowth of the steroid-
degrading organisms also results in a high feecal con-
centration of acid steroids. On average the people living
in high-risk areas have about 5 x 10® bacteria per g. of
feces able to dehydroxylate cholic acid at the 7«
position, compared with only about 5 x 107 per g. of
feces in people from the low-risk areas. It is therefore
hardly surprising that the feecal steroids are much more
extensively dehydroxylated in people from high-risk
areas than in those from low-risk areas. - )

It has been suggested that deoxycholic acid, which
is recognised to be produced by bacterial degradation
of bile-salts, is in certain circumstances a carcinogen;
in the light of this it is striking how closely the inci-
dence of colon carcinoma in the six countries appears
to correlate with the feecal concentration of dihydroxy-
cholanic acids (most of which is almost certainly
deoxycholic acid) in our subjects (fig. 4a). This cor-
relation might be fortuitous, but in view of the previous
work it makes one suspect that deoxycholate may
indeed be a carcinogen, or a pre-carcinogen or co-
carcinogen. One can calculate that the total cumulative
dose of deoxycholate passing through the colon in
fifty years might be some 1300 g., so that it need not be a
very active agent to account for the incidence of the
disease in Londoners of about 18 per 100,000 (in the
age-group 45-64). The correlation of the cancer
incidence with the fecal concentration of dihydroxy
acid is closer than that with total acid, or total neutral
steroids, but the magnitude of the differences is
actually greater for the total steroids than for the
dihydroxy acids. ’

We have started an investigation of the possibility
that bacteria might modify the steroid nucleus of the
bile-salts to produce recognisable polycyclic aromatic
hydrocarbon carcinogens. This requires the insertion
into the nucleus of double bonds. We have already
shown that two double bonds can be inserted in con-
jugation with a keto group.?” There are several
alternative routes by which bacteria can unsaturate the
steroid nucleus,®® some of which have been demonstra-
ted with soil bacteria, and it is now necessary to deter-
mine the extent to which intestinal bacteria can
aromatise the nucleus in vitro so that we can seek the
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partially or fully aromatised molecules in faces.

We have also demonstrated that intestinal bacteria
can produce nitrosamines from nitrate and secondary
amines.* Nitrosamines are well known to be potent
carcinogens, and both nitrate and secondary amines
are present in the gut. However, it is likely that most
of the dietary nitrate is absorbed from the upper small
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intestine undegraded, so that opportunities for nitros-
amine formation in the area of the gut with a high
bacterial population may be small; indeed, the pro-
duction of nitrosamines is more likely to take place in
the urine of people with bladder infections. Present
evidence suggests that nitrosamines rarely produce
tumours at the site of application.®®

There is clearly much work to be done before we
can pretend to understand the =ztiology of carcinoma
of the colon, but we believe that the results of our
present survey indicate that further exploration of the
part played by bacteria may well be very rewarding.

This work was supported financially by the Cancer Research
Campaign (M. ]J. H,, V. C. A., and ]J. S. C.), the Wellcome
Foundation (B. S. D.), and the British Nutrition Foundation
(G. M. H.). We are greatly indebted to colleagues who arranged
for the collection and dispatch of the fecal samples: Dr. R.
Blowers (Uganda), Dr. P. Brachman (Atlanta), Dr. T. Shige-
matsu (Yonaga), Prof, S. Baker (Vellore), and Dr. G. Collee
(Edinburgh); and to Prof. Richard Doll for much helpful advice.

REFERENCES

. 1. Doli, R., Payne, P., Waterhouse, J. (editors). Cancer Incidence in
Five Continents. Berlin, 1966.
2. Doll, R. Natn. Cancer Inst. Monogr. 1967, 25, 173,
3. Doll, R. Br. J. Cancer, 1969, 23, 1.
4. Buell, P., Dunn, J. E. Cancer, 1965, 18, 656,
5. Wynder, E. L., Kajitani, T., Ushikawa, S., Dodo, H., Jakano, A.
1bid. 1969, 23, 1210.
6. Wynder, E. L., Shigematsu, T. ibid. 1967, 20, 1520.
7. Gregor, O., Toman, R., Prusova, F, Gut, 1969, 10, 1031.
8. Ghiron, V. Int. Cancer Congr., 1939, p. 116.
9. Badger, G. M., Cook, J. W., Hewett, C. L., Kennaway, E. L.,
Kennaway, N. M., Martin, R. H., Robinson, A. M. Proc. R. Soc.
B, 1940, 129, 439.
10. Cook, J. W., Kennaway, E. L., Kennaway, N. M. Nature, 1940,
145, 627.
11. Lacassagne, A., Buu-Hoi, N. P., Zajdela, F. id/d. 1966, 209, 1026,
12. Lacassagne, A., Buu-Hoi, N. P., Zajdela, F. rbid. 1961, 180, 1007.
13, Inhoffen, H. H. Prog. org. Chem. 1953, 2, 131,
14. Cook, J. W., Haselwood, G. D. A. Chemy Ind. Rev. 1933, 11, 758.
15. Druckrey, H., Richter, R., Vierthaler, R. Klin. Wschr. 1941, 26, 781.
16. Hoffmann, K. Zbl. Bakt. 1 Abt. Orig. 1964, 182, 500.
17. Hill, M. J. ¥. Path. (in the press).
18. Crowther, I. S. %. appl. Bact. (in the press).
19, Drasar, B. S. J. Path. Bact. 1967, 94, 417.
20. Drasar, B. S., Crowther, J. S. Tech. Ser. Soc. appl. Bact. 1970, no. 5,
21. Hill, M. J., Aries, V. C. ¥. Path. (in the press).
22. Crowther, J. S. ¥. med. Microbiol. (in the press),
23. Ellis, F. R., Mumford, P. Proc. Nutr. Soc. 1967, 26, 205.
24. Dietschy, J. M. Gastroenterology, 1969, 57, 461.
25, Danielsson, H. Acta physiol. scand. 1960, 48, 364.
26. Aries, V. C., Crowther, ]. S., Drasar, B. S., Hill, M. J. Gut, 1969,
10, 575.
27. Aries, V. C., Hill, M. J. Biochem. J. 1970, 119, 37p.
28, Hill, M. J. Marie Curie Foundation workshop conference on
Some Implication of Steroid Hormones in Cancer (in the press).
29. Hawksworth, G. M., Hill, M. ]J. Biochem. ¥. (in the press).
30, Magee, P. N., Barnes, J. M. Adv. Cancer Res. 1967, 10, 163.



The Lancet Office,
7, Adam Street, Adelphi, London, W.C.2



RR 193
22--MICROBIOLOGY

SARCINA VENTRICULI IN HUMAN FAECES

" J. S. CROWTHER

Bacteriology Department, Wright-Fleming Institute,
St Mary's Hospital Medical School, London, W.2

Received 29 July 1970; accepted 10 Sept. 1970,

SARCINA VENTRICULI Was first obscrved by Goodsir (1842) in the stomach
contents of a patient with gastric fermentation. The organism was subsequently
reported in similar cases, but it was not isolated in pure culture from the human
stomach until 1911, when Beijerinck showed that S. ventriculi could be grown
only by usmg strictly anaerobic techmques he had previously shown that the
same organism occurred widely in the soil (Beijerinck, 1905)

Although S. ventriculi has been found frequently in the gastric contents
and faeces of patients with gastro-intestinal disorders (Smit, 1933), it has never
been reported as present in the faeces of healthy human adults. However,
during a survey in which faeces from healthy adults in Britain, the United
States, Uganda and South India were examined (Aries et al., 1969), S. ventr:culz
has been found in the faeces of some persons.

This paper describes the techmques used to isolate sarcmae and reports |
the distribution of the organism in human faeces.

/,

MATERIALS -AND METHODS

Source of faeces. Specimens of freshly voided faeces were collected from 106 people
living on principally vegetarian diets and from 123 people living on mixed diets containing
.. animal and vegetable foods, Each group contained men and women and all except one

8-yr-old Sudanese girl were adults.

’ Transport of faeces. Specimens of freshly voided faeces were transported to the Wright-
Fleming Institute frozen in glycerol broth (Drasar, Shiner and Mcleod, 1969) from all
 sources except the London vegetarians in which case the faeces were sent-by post and frozen
in glycerol broth immediately on arrival.

Isolation of sarcinae. Sarcini ventriculi is difficult to maintain alive in pure culture.
However, it is known to form heat-resistant spores (Kn&ll, 1965; Canale-Parola, 1970) and
" on primary isolation from soil and mud it is relatively resistant to acid and to heat at 60°C
(Smit); these properties provided the basis for selective isolation methods.

The faecal suspensions were thawed, serially diluted in Brain Heart Infusion (Oxoid)
and heated for 10 min. in a waterbath at 70°C; 0-1 ml of each dilution was spread on freshly
poured meat infusion agar containing lactose, neutral red and egg-yolk (Willis and Hobbs’.
Medium without neomycin), as described by Willis and Hobbs (1958), and incubated over-
night at 37°C in an atmosphere of 90 per cent. hydrogen and 10 per cent. carbon dioxide.
Stainless steel milking-machine pails with vacuum-tight lids (Fullwood Bland and Co.)
fitted with vacuum taps and cold catalysts (** D * catalyst, Engelhard Industries) as described
by Schaedler, Dubos and Costello (1965) were used in place of conventional anaerobic jars.
The heating destroyed all non-sporing organisms. Colonies of sarcinae could readily be
distinguished from those of clostridia and aerobic spore-bearing bacilli. Sarcinae formed
pale yellow colonies 2-4 mm in diameter, and were usually surrounded by a yellow halo -
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in the medium. Colonies were examined microscopically and subcultured aerobically and -

anaerobicaily.

Sarcinae were also isolated by plating either unheated or heated dilutions on freshly
poured Tomato Juice Agar (Oxoid) adjusted to pH 7:0 and incubated anaerobically (Crecelius
and Rettger, 1943).

Malt extract enrichment cultures designed to isolate S. vensriculi from the soil (Canale,
Parola and Wolfe, 1960) were adjusted to several pH values over the range 2-3 to 60, inocu-
lated with faeces and incubated anaerobically. Cultures were examined daily for sarcinae
by plating on Willis and Hobbs’ medium and incubating anaerobically.

Maintenance of strains for biochemical tests. Cultures of sarcinae isolated from faeces
were maintained at +3°C in Robertson’s cooked meat broth (Southern Group Laboratories)
to which 1 per cent. of glucose has been added before they were autoclaved at 115°C for
20 min. The medium did not require deoxygenation before inoculation. Cuiltures were
grown overnight at 37°C and stored at +3°C. With this technique, strains have remained
viable for 6 mth without subculture.

- A culture of S. ventriculi (HU1) originally isolated from soil (Stcphenson and Dawes,
1970) was obtained from Professor E. A. Dawes, Department of onchemxStry, Umversnty
of Hull, and maintained as described above.

Biochemical tests

Detection of cellulose. Two methods were used to detect cellulose in overnight cultures
in basal medium containing 2 per cent. glucose. The bacterial cells were boiled in 1 per cent.
sodium hydroxide, washed with water and suspended in Schultze’s stain for cellulose (Canale-
Parola, Borasky and Wolfe, 1961). The cellulose stained reddish-purple. Cells from each
overnight culture were suspended in buffer at pH 4-0 containing cellulose (British Drug

Houses) and incubated overnight at 37°C. The cultures were examined microscopically for

disruption of the double tetrad packets into smaller clusters and single cells. Suspensions
without cellulase were used as controls.

Fermentation tests. The fermentation tests were modifications of those described by
Cato et al. (1969).

2:0 g of the test carbohydrate was added to a 100-ml volume of basal medium containing:
2-0 g peptone, 1-0 g yeast extract, 0-05 g cysteine hydrochloride, 0:001 g CaCliz, 0001 g
MgS0q, 0:005 g K2HPO4, 0005 g KH,PO4, 0-05 g NaHCO; and 0-01 g NaCl. The media
were adjusted to pH 7-140-1 with 8N-NaOH or 5N-HCl and autoclaved at 115°C for
20 min. They did not require deoxygenation before inoculation. Two drops of an overnight

culture in Robertson’s cooked meat broth containing 1 per cent. glucose were used as the ‘

inoculum. _

Gas-liguid chromatography. Volatile products of glucose metabolism (ethanol and
~acetic and butyric acids) were detected by modifications of the methods described by Cato
. etal

4 ml of an overnight culture in basal medium containing 2-0 per cent. glucose were
acidified with 0-5 ml 50 per cent. aqueous sulphuric acid and extracted with 4 ml diethyl
ether. The mixture was oentrifuged to break the emulsion and the ether layer was pipetted
off and dried over magnesium sulphate. 1-0 ul was injected on to a column containing

10 per cent. polyethylene giycol on phosphoric acid-treated diatomite contained in a ** 104" - ’

Series chromatograph (Pye Instruments Ltd, Cambridge). A flame-ionisation detector was
used. Reference solutions of ethanol and volatile fatty acids were prepared as described by

Cato et al.

Nitrate reduction. 2:0 per cent. glucose was added to Nitrate Broth (Difco) fmd auto- -
claved at 115°C for 20 min. Cultures were incubated anaerobically at 37°C. Nitrate and .

nitrite were detected by conventional procedures (Cowan and Steel, 1965).
Gelatin liquefaction. Charcoal gelatin disks (Oxoid) were added to Robertson’s cooked
meat broth containing 1 per cent. glucose; the test organism was inoculated and the culture

J
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was incubated at 37°C for 14 days. Liquefaction was indicated by the appearance of free
charcoal particles in the medium.
Fermentation tests. All test cultures were incubated anaerobically.

RESULTS

~ Sarcinae were readily isolated on either tomato juice agar or Willis and
Hobbs’ medium from faeces of people living on vegetarian diets. Tomato

po

Logo visble count of sarcinae per g faeces estimated from cultures on

tomato-juice agsr before heating
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Log,gviable count of sarcinae per g faeces estimated from cuitures on
neutral-red-lactose-egg-yolk agar after heating a1t 70°C for 10 min

FiG. l—Companson of methods of enumeration of viable Sarcina ventricull in seven specimens .

of human faeces.
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juice agar was the more selective for unheated specimens, but the heating of
suspensions before they were plated on Willis and Hobbs’ medium avoided
-overgrowth of the sarcinae by non-sporing organisms without consistently
decreasing the viable counts of sarcinae (fig. 1).

It was not found possible to increase the yield of sarcinae from faeces by
the use of the acid enrichment media described by Canale-Parola and Wolfe

for the isolation of S. ventriculi from soil. Although cultivation at pH 4.0 was '

highly selective, many strains of sarcinae were inhibited. At higher pH values
the sarcinae were often outgrown by other organisms.

Distribution of sarcinae in human faeces

‘The simple heating method with subculture on Willis and Hobbs’ medium
was used to count sarcinae in faeces from healthy-adults living on different

~
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TasLe I
The occurrence of anaerobic sarcinae in faeces from healthy adults on vegetarian and on
mixed diets P
- T e Number of specimens
’ Diet of
Population sampled population ‘
: sampled : ound to contain
cultivated viable sarcinae
Ugandans Jiving in and around Kampala Vegetarian 37 31
Indians living in and around Vellore Vegetarian 51 38
Vegans living in London Vegan 18 6
London students and laboratory staff 'S . 55 0
Edinburgh students and laboratory staff 23 0
English immigrants in Kampala Mixed 16 0
Caucasian laboratory staff in Atlanta 16 1
+  Hospital staff in Khartoum ’ 13 1*
* Eight.year-old girl.
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diets in various parts of the world. Sarcinae were isolated from 75 out of 106
people living on principally vegetarian or strict vegetarian diets, but from only
2 out of 123 people eating mixed diets containing animal and vegetable foods
(table I). In the carriers, the counts of sarcinae ranged from 102 to 108 per g
faeces (fig. 2). Counts of 106 and more were frequently found and this indicates

.
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TasLE II

Comparison of six faecal strains of Sarcina ventriculi with 8. ventriculi strain HUI isolated

Jrom soil

Test

Result of test with strains of S. ventriculi derived from

Uganda (1)
India (1)

Uganda (i) ‘
-India (1)

Uganda (1)’

England (1)

Results with

strain HU1

derived from -
s oil

Aerobic growth
Growth without carbo-
hydrate .

Fermentations at 30 days:

glucose

fructose

sucrose

maltose

lactose

galactose

raffinose

arabinose

dulcitol

glycerol

starch

salicin

mannitol

inulin

xylose
Production of:

ethanol from glucose

butyric acid from

glucose

extracellular cellulose

Nitrate reduction
Litmus milk
Gelatin liquefaction
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* + = Positive; — = negative; (+) = positive after 7 days; AC = acid clot; {(AC) = acid

clot after 7 days.

that sarcinae were often as numerous as coliform organisms, streptococci and

lactobacilli in faeces.

. recorded, Sarcina maxima and S. ventriculi (Breed and Smit, 1957). The main
differences between them are that S. maxima has no extracellular cellulose and

Identification of sarcinae

Sarcinae are now defined as obligately anaerobic, Gram-positive cocci
forming cubical packets of eight (Kocur and Martinec, 1965; Canale-Parola,
Mandel and Kupfer, 1967). Only two species capable of utilising sugars are ._

——
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produces butyric acid from glucose, whilst S. ventriculi has extracellular cellu-
lose and produces ethanol and not butyric acid from glucose.
Six strains of sarcinae, three from Ugandan, two from Indian and one

from English faeces, were compared with a known strain of S. ventriculi. No .

type culture of S. maxima was available. All the strains were obligate anaer-
obes, formed cellulose and required a carbohydrate for growth; all produced
ethanol but not butyric acid from glucose (table II). All strains produced acid
and gas from glucose, fructose, sucrose, maltose, lactose, galactose and raffinose;
none could utilise arabinose, dulcitol, glycerol or starch; salicin, mannitol,
inulin and xylose were utilised by some strains, but growth was usually late,
All strains, including the known culture of S. ventriculi, reduced nitrate to .
nitrite which was then further reduced.

Although some strain-to-strain variations in biochemical reactions were
..found, the results show that the sarcinae isolated from human faeces were
S. ventriculi.

DiscussioN P

The results of the present study indicate that Sarcini ventriculi occurs
frequently in the faeces of healthy human adults living in the tropics, but only
rarely in faeces of people in temperate countries. However, none of the
English imimigrants in the Kampala series carried sarcinae whereas these
organisms were carried by many of the Ugandans. The diet of the English
immigrants was mixed and included animal meat whereas the principal item
of the Ugandan diet was boiled bananas; furthermore, in London, sarcinae

were found only in those English persons eating strictly vegetarian diets. This
suggests, therefore, that diet-and not-eavironment is a major factor controlling

* the distribution of S. ventriculi in man.

S. ventriculi is widespread in the soil (Smit, 1933) and it seems inevitable
that it is ingested as a contaminant on food. Since it occurs in facees in
- numbers equal to those reported for coliforms, it seems likely that it multiplies,
presumably in the larger intestine, as the stomach and small intestine are rarely
colonised by bacteria (Drasar ef al., 1969). It is not known whether vegetarian
foods stimulate the growth or whether animal foods inhibit the growth of the
sarcinae. However, it seems likely that the addition of animal foods to the
diet leads to an increase in the numbers and possibly a change in the types
of the non-sporing anaerobes such as Bacteroides species and bifidobacteria

(Aries et al., 1969). It is possible that some metabolites of these anaerobes,

particularly organic acids, could inhibit the sarcinae. The short-chain fatty -
acids are known to inhibit S. ventriculi (Smit).

Tt is interesting that the known culture of S. ventriculi and the six strains
isolated from faeces all reduced nitrate to nitrite which was then further
reduced. Previous workers have not reported this reduction of nitrate, perhaps
because, having shown that nitrite was absent, they omitted to test for residual
nitrate. N

Although S. ventriculi was often observed during the last century in the
stomach contents of patients with gastric disorders, similar cases have been
- reported only rarely since. It is therefore interesting that Dawes (personal

-
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cocmmunication), during the period 1959-60, found S. ventriculi in the stomach

contents of patients in Glasgow with similar symptoms to those of the patient

reported by Goodsir (1842).

It is suggested that S. venmtriculi should now be considered to be part of
the intestinal bacterial flora of man, but its significance in the intestine is
not known,

SUMMARY

Anaerobic sarcinae were quantitatively isolated from suspensions of faeces
- heated at 70°C for 10 min. by plating on meat infusion agar containing lactose,
ncutral red and egg-yolk and incubating anaerobically at 37°C. Sarcina
ventriculi was found in numbers up to 108 per g in faeces from 75 out of 106
healthy human adults living on vegetarian diets, but the organism occurred

in the faeces of only 2 out of 123 people living on diets containing animal -

products. The identification and distribution of the organism are discussed
and it is concluded that diet influences the colonisation of sarcinae in thc
human intestine.

I am indebted to Dr R. Blowers (at the time Professor of Bacteriology at Makerere"

University College, Kampala, Uganda), Professor S. J. Baker (Wellcome Research Unit,
Christian Medical College Hospital, Vellore, India), Dr P. S. Brachman (National Com-

municable Discase Center, Atlanta, Georgia), Dr J. G. Collee (University Medical School, .

Edinburgh) and Dr F. R. Ellis (Kingston and Long Grove Hospitals, Kingston-upon-
Thames, Surrey) for collecting the faecal specimens. Professor E. A. Dawes (Department
of Biochemistry, University of Hull) kindly gave me the culture of S. ventriculi and allowed
me to use some of his unpublished results. I thank Miss R. Steward for her technical help.
The work was supported by the British Empire Cancer Campaign.
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Transport and Storage of Faeces for Bacteriological Examination
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Suamary. The survival of bactoria in specimens of human facces transported and
stored at different tomporatures was examined quantitativoly. No significant losses of
bacteroides, bifidobacterin, viridans streptococei, Streptococcus salivarius, enterococci,
enterobacteria, and clostridia were observed when 10% (w/v) susponsions of faeces in
broth containing 109/ (v/v) of glycerol wore frozen for one month at —25, —78 or
« 196°; lactobacilli showed significant losses at —106°; veillonollae showed significant
losses at —25°. At —12° voillonellae and enterobacteria showed significant losses.
Most bacteria survived well for 24 h in undiluted fasces sent by post.

- !

WHEN FAECES have to be transported considerable distances for quantitative bacteri-

ology, it is necessary to have a method that permits neither growth nor death of
any bacteria present. Stuart (1959) designed a low nutrient, soft agar medium for
transporting delicate pathogenic bacteria at ambient temperatures and Cary &
Blair (1964) modified it to improve the survival of enteric pathogens in faecal speci-
mens without the growth of nonpathogens. Although the Cary-Blair medium and
further modifications of Stuart’s medium give good recoveries of Escherichia coli,
Clostridium perfringens, Proteus vulgaris, Salmonella typhimurium, Shigella sonnet,
Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella spp. (Géstrin, Kallings
"& Marcetic, 1968), a transport medium has never been designed to recover all groups
of bacteria quantitatively from faeces. For transport by post, moreover, fluid media
are unsatisfactory, since it is often difficult to avoid contamination.

‘Drasar, Shiner & McLeod (1969) reported no apparent reduction in viable counts of
Bacteroides melaninogenicus and E. coli when pure cultures were suspended in broth
containing 109, v/v of glycerol and frozen on dry ice, and they used this technique
‘to transport specimens of intestinal juice for quantitative bacteriological examination.

This paper reports the effects of storage at different tempera.tures on the recovery
of bacteria from faeces.

Materials and Methods

The technique used by Drasar, Shiner & McLeod was to dilute intestinal juice in
109% (v/v) glycerol broth before freezing. This technique was therefore tested as a
method for preserving the oxygen sensitive, strictly anaerobic bacteria that comprise
>99%, of the viable bacteria in faeces. l

(1]
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Glycerol broth

This was prepared by dissolving <& ¢ Lab-Lemeo (Oxoid) and 10 ml of glycerol in
90 ml of water, adjusting the pH to 7-3 and autoclaving at 110° for 20 min. For

control experiments the glycerol was replaced with distilled water.

Methods of storing faecés

The survival of faecal bacteria was tested both in 10Y, (w/v) suspensions of faeces .

in glycerol broth, and in undiluted faeces. The suspensions were stored at —196°
{in sealed ampoules immersed in liquid nitrogen), —78° (in serewcapped bottles in
solid COz) and at —25° and —12° in refrigerators. Whole faeces were stored at

—196°, —78° 3° 15° 32° and 37°. Further samples of undiluted faeces were

examined after up to 48 h in the post.
Several replicate samples of each specimen of faeces were kept at each temperature,
one being exa.mlned on each day of testing. All samples were from one individual.
}

. Bacteriological tecﬁmque

Specimens were examined bacteriologically immediately before storage {or postlng)
and at intervals for up to 1 month.

The dominant bacteria in facces are nonsporing anaerobes, bacteroides and bifido-
bacteria. To minimize the exposure of these delicate organisms to air, all manipula-

tions of the specimens were carried out in a gas-tight glove box filled with oxygen-free .

nitrogen (Drasar, 1967). Suspensions were “diluted in triplicate in Brain-Heart
Infusion (BHI) broth (Oxoid), containing 0-05%, (w/v) of eysteine hydrochloride as a

reducing agent, and inoculated on to a series of selective and nonselective media to

enumerate bacteroldes, bifidobacteria, enterobacteria, mmdans streptococci, entero-
cocei, lactobacillij Streptococcus salivarius, veillonellae and clostridia as described by

. Drasar & Crowther (1971) (see Table 2). To minimize minor fluctuations each medlum

was poured on each day of testing from stocks prepared on one single occasion. All

dilutions and inoculations w ere carried out by the same person.

.- Analysis of variance was used to asscss the statistical significance of any changes
in the viable counts. : . ,

.- Results Av R o
Storage of faeces at subzero temperatures
The total viable count for undiluted faeces stored overnight at —78° was only 949,

~ of the initial count (Table 1); the percentage survival for facces suspended in glycerol

broth was 99, which is not significantly different from 1009%,. The glyccrol and not the
dilution in the broth appeared to be the protective factor.

Further tests showed that many different bacterial specles survived well when the
faeces were suspended in glyecrol broth and held at a wide range of subzero tempera,-
tures (Tigs 1, 2). With 2 exceptions, all groups of bacteria survived dt =196, —78 and
—25° with no significant losses after 1 month. Lactobacilli showed a significant
reduction in count immediately on freezing at —196°, but once frozen showed no

J—
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TABLE 1

Survival of anaerobic bacteria in faeces frozen at —78°

- Mean log viable count/g wet faeces

— A
r 2]

After freezing:
Before Tasces diluted (1 : 10) in broth

freezing containing
's A Al
* Undiluted No 109% (v/v)
faeces addition  glycerol
. Viable count g9-8 9.2 9.1 9.7
% viability 100 94* 93* 99

*Signiﬁca;nt loss: P= <001 (obteined from Student
t-test).’

farther losses. Veillonsllac, although stabl> at —196 and —78°, showed slight but
significant losses when stored at higher temperatures:
The survival of bacteria in faecal suspensions held at —12° was not as good as at’

“the lower temperatures; enterobacteria and veillonellae showed significant losses;
s

but all other groups survived well, /

ng.

- Log viable count/g_fosces-

1.
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Survival of bacteria in facceés suspended in glycerol broth. (a) Suspe'nsions:
frozen at —196°; (b) susponsions frozen ot —78°. A, bifidobacteria; B, bacteroides;
G, viri(ln.nsl streptococei; D, Streptococcus salivarius; E, enterobacteria; F, entero-
cocei; G, lactobacilli; H, veillonellas;.J, clostridia. The vertical bars show the range
of triplicate counts: }; Significant reduction in viable count (P=0+05).
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Fig. 2. Survival of bacteria in faeces suspended in glycerol broth. (a) Suspensions
frozen at —25°; (b) suspensions frozen at —12°. For description of signs, see Fig. 1.
1, Significant reduction in viable count (P= 0-05); 3, Significant reduction in viable
count (P=0-01).

Storage of faeces at temperatures above zero

Survival curves for bacteria in undiluted faeces stored in air at temperatures above
zero are shown in Fig. 3. No organism showed a significant change in viable count
after storage at 3° for 24 h, and even after § days the counts of bifidobacteria, entero-
bactena, lactobacilli and clostridia had not changed significantly.

At 15° counts of bifidobacteria, bacteroides, vmdans streptococci, velllonellae and
tlostridia remained unchanged after 48 h. At 32° there was an increase in the counts

" bf bnterobacteria and lactobacilli, and a substantial decrease in the counts of veillonellae

and Strep. salivarius. These changes were more pronounced when the specimens were
btored at 37°:. The viable counts of the dominant anaerobes, bactercides and bifido-
bacterla, were reduced significantly only after storage at 37° for 48 h. )

When facces were examined after 24 h in the post, only the counts of enterobacteria
and lactobacilli, both minor components of the bacterial flora, had changed signifi-
cantly; after 48 h, however, only counts of bacteroides, blﬁdobactena., veillonellae
and clostridia remained unchanged. ,

Errors in counting bacteria in faeces
Suspension of faeces are often difficult to homogenize and this could readily contribute

. to errors in the counting technique. Because all the counts shown in Fig. 1(a) and )

were obtained from the same original suspension of faeces and because none ¢hanged
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Fig. 3. Survival of bacteria in undiluted faeces stored in air. {e) stored at 3°; (b) stored
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Fig. 1. 1, Significant chango in viable count (P=20-03); 2, Significant change in viable
count (P=0‘01); 3, Significant change ia viable count (P=0-001).
TABLE 2.
Errors in counting bacteria in faeces
' : / 959 Confidence limits
Organism / Medium* Dilution Mean colony - of viable counts
counted counted count4:s.p.  [log mean4:2 s.0.t]
) o . / . .
1 Cart Bacteroides ~ ™ gRCA with 1% (wjv) liver  10-7 66434 - 9-82.4-0-46
digest and 109% (v/v)
ok, Bifidobageria § & horse blood 107 103439 10-01 4032
Viridang
“streptococei Blood agar 10-8 1364-70 8:134.0-36
Enterobacteria 1\Ia,c('}onkey s agar 10-3 1604-29 6-2040-12
Enterococci Azide agar 10-3 186 4-64 6274012
Streptococcus ~.
saltvarius Sucrose ager - 104 3854-170 7:594-0-18
Lactobacilli Rogosa’s agar (L) 103 169476 6:234-0-28
Clostridia Willis & Hobb’s agar 101 134-5 3-104-0-32
Veillonellas Rogosa’s agar (V) 10-2 75446 4-884-0-30

Mcans oand standard deviations of counts of bacteria in 24 rephcats dilutions of the same

suspension of faeces (from the deta in Fig. 1).
. Drasar & Crowther (1971); r, obtained from residual term in variance analys:s.
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significantly on keeping, it seemed reasonable to use them to assess the errors. The
8 sets of 3 counts (converted to logs) were submitted to a one-way analysis of variance
and the residual terms used to calculate errors (Table 2). The counts of the highly
oxygen-sensitive bacteroides group showed the greatest variability and could only be
estimated within 0-46 log unit of the mean, at P=95%,. Counts of enterpbacteria
and enterococci were the most reproducible.

Discussion

The results of the work support the ﬁndmrfs “of Hollander & Nell (1954) and Drasar,
Shiner & McLeod (1969) and show that even delicate anaerobic bacteria can be
recovered almost quantitatively from suspensions of faeces frozen in broth if glycerol
is used as a protective agent. In this work no toxic effects of glycerol on the bacteria
were found, even after contact for 1 month.

These experiments were made on different specimens of faeces from the same
person, but it seems unlikely that there would be more differences between persons.
The tests reported were not designed to‘enumerate bacteria present in small numbers,
and for this reason no satisfactory results are available for bacilli, staphylococci,
pseudomonads, sarcinae, yeasts or moulds.

The calculated confidence limits in the methods used here to count viable bacteria
in faeces are similar to those reported by Gorbach, Nahas, Lerner & Weinstein (1967)
using different bacteriological techniques.

From our results it is apparent that it will be satisfactory to transport faeces
undiluted, if the transit time is <24 h; for transport requiring longor periods of time a
109 suspansion of facces in 109, (v/v) glycerol frozen at —25° or below has proved
satisfactory. Wehave used the latter during surveys in which samples were transported
from Uganda to London (Aries, Crowther, Drasar, Hill & Williams, 1969).

I am indebted to Professor R. E. 0. Williams for help and discussion and to Mrs D.
Irving for stafistical advice. I thank Miss R. Scutt for valuable technical assistance.
The work w/v,a}s supported by the Cancer Research Campaign.
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