
lntestinal baeteria and eaneer 

M. J. HILL 

B~Kkrilll Mna6olism ReUGTch Laboratory, Centrai P11Wic HefJIIA LuboraJOry, Landon. 

INTRODUCTION 

lt is generally accepted by most epidemiologists tbat diet plays a ma jor 
role in the causation of large bowel cancer, although there are stili some 
1lissenters [1]. There is little agreement on the Jietary item involved, since 
meat, fat, protein, fibre, alcohol, milk and vitamins A and C bave all been 
implicated; to a large extent this is due to the shortcomings of the diet rt'caU 
metbods used in case control studies and it is notable that ali of the stu~ 
dies of large numbers of populations agree on a role for meat or its compo­
nent fat or animai protein. Many carcinogens or co-carcinogens can be 
detected in food, (such as N-nitroso compounds, adatoxins, polycyclic 
aromatic hydrocarbons) but these are usually 1letected at maximum con­
centrations in the food of populations at low risk of large bowel cancer. 
Consequently we postulated [2, 3] that a carcinogen or co-carcinogen is 
produced by the intestina] bacterial dora from some henign substrate whose 
concentration is determined by tbe diet. 

This postulate is not unreasonahle. It has heen demonstrated that the po­
tent carcinogen methylazoxymethanol is released from its harmless glucoside 
cycasin by bacterial ~- glucosidase. The intestiual mucosa] ~glucosidase 
has a narrow substrate range and is inactive on cycasin; consequently when 
cycasin is fed to germ-free rats it is rxcreted unchanged in the faeces and 
the animai suffers no toxic rffects. When fed to conventional animals, in 
contrast, the ~glucosidase of the gut hacterial flora releases the methyla­
zoxymethanol which then gives rise to hepatotoxicity and subse'luently 
to intestina} carcinogenesis. This has heen reviewed by Laqueur and Sa­

P" [4]. 
In order to test this postulate we need to determine (a) the likely nature 

of the subsirate, (b) the chemical modification necessary to convert the be­
nign substrate into a carcinogen or co-carcinogen, and (c) the intestinal 
nrganisms able to carry out the chemical modification. f.lues to the nature 
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of tbc substratl1 come from tbc epidemiology described in Table l. The 
hest data incriminatf' dietary meat or its component fat or animai pro· 
tein; if thf' proponents of the protective value of fibre are correct, then the 
carcinogen/co-carcinogen is stiU likely to be derived from meat or its com· 
ponents with tbc fibre causing a stool hulking efff'ct and thf' resultant dilu­
tion of its contents. Simililarly, any protectivc effects of vitamim; A and C 
are likely to he due to their inhihition of thP enzyme8 responsihle for carci­
nogen production. A number of possihle suhstrates for carcinogen production 
and determined by thl' amount of dietary meat havl' heen suggcsted (Ta­
hle 2). They arf' derived both from tht• prott'in and the fat component~ 
of mf':at, and will Lt' discussed in turn. 

T.un.E l 

The relation hetween diet and large howel eaneer 

Diot i<~n• 

Meat 

Animai protein 

r 

i 
', 
r' 

1 
l 

r 

i 
l 
,l 
' Fihrt" (protectivt") .... i 
' 
LI 
r 
i. Fibrt> (causative) ... 

Alcohol . { 

Caw-control 
32 Population~ 

3 Population~ 

Cast>-control 
37 Populatiom 
32 Populatiou~ 

3 Popniations 

28 ~opulation~ 
37 Popnlation~ 
32 Populatiom 

3 Population~ 

2 Population~ 
Generai 

2 Populatiom 
Case-contro l 

Cast'-control 
3 Popnlations 

2 Population~ 
47 Populatìons 

l 
--1 

Haenszel and Coli. [20] 
Armstron~t & Doli [21] 
Hilland Coli. (in prep.) [IOJ 

' Wynd"r and Coli. [22] l 
Drasar & lrving, [23] l 
Annstronj!.: & Doli, [21] l 
Hill and Coli. (in prep.) [IO] 

l 
Gre~tor and Coli. [24] 

Drasar & lrviup;. [23] l 
Armo~trong & Unii, [21} 
Hill and Coli. (in prep.) (IOJ l 
W alker aud Coli (2!'i J 
Burkitt, [26] l 
IARC Working Party [27] l 
Modau and Coli. [28] 

Hal.'nszel and Coli. [29] : 
Hill and Coli. (in prep,) [IO] l 

IARC Workin(!: Party (27] 
Enetrom, [30] 
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TABLI: 2 

P088ibie suh&kates derived from meat whieh mipt undergo gut baeterial 
metaholima to earcin~ or eo--carcizloseos 

.lfnt CQmponent l ~ubotr.te 

l 
~(içrobi•l met•bonte 

l 

r Ttyptopban Various metaholites 

j Tyrosine Volatile phenols (phenol and 
Protein p-cre~~ol) 

Methionine Ethionine 

l BaBic amino acids :'11'-nitrow compounds 

r Ledthin Dimethylnitroumine 

' F" . i Cholesterol V arious metabolites (protective) 

l Bile acids Unsaturated produch 

SUBSTRATES FOR CARCINOGEN PRODUCTION }'ROM MEAT 

Tryptoplwn 

The excretion of urinary metabolites of tryptophan has long heen asso­
ciated with cancer of the hladder [5, 6] and a range of them has been shown 
to carcinogenic including kynurenine, 3-hydroxykynurenine, 3-hydroxyan~ 
thranilic aeid, quinaldic acid, 8--hydroxyquinaldic acid and xanthenuric 
acid. The urinary tryptophan metaholites are lUiually assumed to be the 
products of hepatic metabolism but it is important to remember that ali 
of the relevant pathways were tìrst described in bacteria. Thus, if these 
metaholites can act as cocarcinogens in bladder carcinogenesis and if they 
are produced in the colon by bacterial action, then it is possible that they 
might also be implicated in colon carcinogenesis. 

W e bave no data on the relative contributions of the gut ftora and the 
liver to the poo] of urinary tryptophan metabolites and we bave no data 
on the extent of tryptophan metaholism in the human gut. However Bone 
has shown that the faecal concentration of tryptophan is much higher in 
cases of large bowel cancer than in controls, and that in a study of six popu­
lations there was a relation hetween the faecal tryptophan concentration 
and the incidence of large bowel cancer. These were very preliminary stu­
tlies but at this stage we cannot rule out a role for tryptophan metaholites 

.11111. ltt. Sl<Pilr. ·'•!llilli (1979) 11, U-52 
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m the causation of howel cancer. The faecal tryptophan concentration 
increased v.-ith increas~d dietary protein (Cummings and Coli, in prepara· 
tion). 

T:rrosinr 

Norma! human urine contains 50-100 mg of volatile pbenuh, p1~r da~ 

and these are the products of tyrosine metaholism in tbc> large intestim·. 
Tbe factors determining the amount of urinary volatile phenols (UVP) ha w 
heen reviewed by Bone and Coli [7]. In a case--control study the amount 
of UVP per day in large howel cancer cases did not differ from that in con· 
trols {7) indicating that these products of tyrosine metabolism are unlikely 
to be of major importance in tbc causation of colorectal cancer. 

Methioninf' 

Methionine can be converted in vitn1 to its S-ethyl analogue (ethionine) 
in the presence of sulphate ions by a number of hacteria including Escherichia 
coli, This may be importaut because Farher [8J showed that ethioninl' i~ 

carcinogenic in rats, hut its production in tbc human gut has not het>n 
demonstrated and it has been investigated as a possihle cause of hnw('l 
cancer. 

Basic amnw acid.ç 

The basic amino acids lysine. arginine and ornithine are metabuli~ed 
by the gut fiora to the cyclic secondary amines pipcridine and pyrroliditle. 
Ahout 1-2 mg per day of these cyclic secondary amines are absorhed from 
the colon and excreted in thf' u-rio(' and a further small amount is unah­
sorhed and is excreted in the faece11. Piperidine and pyrrolidine may L•· 
further metabolised hy colonie bacteria in tht>o presence of nitrate to give 
the highly carcinogenic N-nitroso derivative~;. 

Previously we ha ve considered this to he an unlikely cvent in the human 
colon hecaust' preliminary studies indicated that ali of the dietary nitrate 
was absorhed from the small intestine. However, Bruce and Coli. {9] l1an" 
tentatively identified fae.cal N-nitroso compounds and if this is confirmt>tl 
we will need to re-assess the pharmacology of dietary nitrate. Perhap~ 

nitratt: is secreted into the colon Ly the same mechanism as its sccr•~tion 
in ealiva and gastric juice. 

If the production of N-nitrosamines by hacterial action ir• the colou 
were important in large bowel carcinogenesis, then the disease should be 
a!&ociated epidemiologically with high if'vels of dictal"}' nitratP. In fact 
this is not so, although di"tary nitratt' is associated with gastric canrer 
in lil numher of studics (Tahle 3). This has been revif'Wt'd by Hill [IO]. 
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TABLE 3 

Studies indieatiug a relatiou betweeu nitrate 
iutake and gastric caneer 

C.oQntry uf otudy 

Britain 

Chile 

Colombia 

Japan 

HiU and Coli. (32 J 

Zaldivar & Robio~on [33] 

Armijo & Coulwn [.14] 

Hawksworth and Coli. [35] 

Cu .. lio and Coli. [36] 

Haenszel and. Coli, [20] 

f,ecithin 

Lecithin is metabolised to choline by bacterial phospholipases, and 
the released cholin is dealkylated to dimethylamine. This secondary amine 
is N-nitrosatable in the presence of nitrate, hut is unlikely to be involved 
in the causation of large bowel cancer for the reasons described above. 

Cholesterol 

Cholesterol has bee n ~Sbown t o be carcinogenic in animals by Hieger. 
wbo reviewed bis work in 1958. Cbolesterol is excreted in normal human 
faeces unchanged or as its metabolites coprostanol, coprostanone and cho­
lestenone. Wilkins and Hackman [ll) claimed two patterns of neutra! 
steroid excretion in Americans; in 8/31 (26 %) less than 30% of the cho­
lesterol was converted to metabolites whiJst in 23/31 more than 60% uf 
the cholesterol had heen metaholised. They suggested that tbe «poor meta­
holisers» were the more likely to develop large howel cancer and this would 
fit with the ohservations of Hieger {12). However. the finding of 26 °10 ponr 
metaholisers in a normal healthy western population is unique in the lite­
rature, with most workers reporting much less than lO 0 '~ of persons. In 
our studies of lO populations the results, if anything, indicated an inverse 
correlation hetween bowel ~ancer incidence and the percentage of low rneta­
bolisers [13] and in our case-cnntrol study w~ could show no !lifference 
hetween the two groups in this respect. 
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Hi/;· u('it/s 

Tlu· faeeal Lilf' al·id eonn•ntration i~ relatt~d to tlll' anwuut uf dielarY 
htt [14] and sn thP hile acid;; an• suitahl~· suhstrates for this studv. Thf'n" 
i;. mm u laq~t· (and growing) body of eYidence incrimìnating faf'cal hilt· 
acid mt·tabolitt·~ in tht• causation of lar~e Lowel cancer (Tahle 4) from mt'ta· 
holit· cpidf'miolo{!y anrl lrnm animai studù·~. 

Evidence in favour of bile acid metabolites heing incriminated 
in the causation of large bowel cancer 

Iluman.•·: 

L l'opulatiom around the world or from around the world: 

2. Porulation• within a cotmt r): 

3. Ca~~--control studv or rompari•uu of !ITOUJ" of pati~nt~ 'l'.ith !(fOUJ'' of 
controk . 

Animai.<: 

L Bile acid~ au co-earl"iuu!!•·u~: 

"' Bile divProion •tudi•·~. 

A numlwr of hilt• acid~ han• lwen shown to lw co-carcinog:llnS 111 ani· 
mal~ [15] and in mutagt•Jwsi;. assay systems [IOJ in p.artieular dcoxycholi<" 
acid. Tlw faJ:>cal conccntration of thi;. hilt· acid corrdatf'd wcll with thP 
incidt·nct• of lar~e howd canccr in 9 pupulatiun.s [3J lmt v.as non bPtter tban 
tnt al fut>cal hill' acids as a discriminant in a case-contro! study [17]. TIH" 
rt•sult~ of this cast'-control study (Tahk 5) are enmpatihlt- with thf' postu­
latt· that the cu·-earcinogt'n causing largP howcl canct•r iu an uusaturatt'tl 
hi!t· at'id produced by ePrtain Clo;;tridia (rPfNn•d to a~ NDC) from tht• 
colonie J,ilt• acid~. Sueh hik acid~ haYt' hl'l'U dett·cted in the faeces of 
ct·rtaiu auimal~ aud v.f~ art: currrmtly attf'mpting: to identify tht>m in human 
fu\·ct·;.. 

Much of uur currt>nt v.·ork i~ directt·d towards the predictivc Yalue of 
fuceal hilt· a(•id~ in colorectal carcinug:em·.si~ and wc are eonducting ;1 prtl· 
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TABLE 5 

The results of a cll8e-control !!tudy to test lhe hypolhesis that 
the comhination of high Caecal bile aeid (FBA) concentration and 

the presence of NDC characterises large bowel cancer cases 

~HA 4~():'ll.~:NTIIATLO'I 
l'n·-. o"·• 
.. r ~ot~ 

"'•• .,f potiont. 
with eoloroetol 
, .... ~ •• (116) (') 

~~ .. r pationto 
with other 

gaotrnintcotinal 
di ..... (120f 

---------·-1 

l 

llip,:h 

l2 35 

;l 

'"""" 
12 Il 

Lo w 16 

(') Tutol ""mlorr of potiont•. 

»pective study of 8000 pNsons aged ..t.i~75 living in thue areas (Glyncorrwg, 
a mining village in South Wales; Hay-on-Wye, a farming area in Herl"­
fordshire; West Granton, a n·gion of Edinhurgh). We should have clear 
re-sults from this Rtudy within ahout five years. 

In atldition, we are attt'"mpting to improve the discriminant value 
of the combination of bile acid concentration and the presence of NDC 
by atlding further factors. The production of unsaturated bile acids hy 
N DC requires the prese n ce of a suitahle hydrogen acceptor an d this is most 
likdy to he vitamin K [18]. lf this is so, then the combination of faecal 
ltile acids, ~DC and high leyl'ls of vitamin K should give an improved di­
scriminant. Further, it has been shown that the faecal activity of bile acid 
7-dt'"hydroxylase. an enzyme produced principally by the anearobic hacterial 
llora [3] is higher in large howel cancer cases than in controls [19]. This 
would suggest that our co-carcinogen might be a 4,6-dien-3-nne and that 
the hest discriminant should he a combination of 4 factor!!-faecal bile 
acid concentration, presence of 
high 7-dehydroxylase activity. 

NDC, high fa .. cal vitamin K activity 
This is cnrrently heing testt'd. 

an d 

Summary. -- Epidemiology indicates that diet plays an important part 
111 tbc causation of colorectal cancer. W e have postulated that this is Le­
cause the diet determines the amount nf suh.<~trate availahle for microbial 

• 
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metabolism to carcinogenic or co-carcinogenie product~. "\V t• bave studietl 
a wide range of possible substrates and the evident'l' to datt~ indicah·~ that 
the most likely ones are the hile acids. Much more work is neccssary lwfnrc 
we can confirm or refutl' this postulated associatÌOJJ. 

RiW!sunto. (Batteri intestinali e cancro) - Studi epidemiologici iudit~ano 
che la dieta svolge un ruolo importante nf'l determinismo del cancro •h·l 
colon e del retto. 

Noi abbiamo ipotizzato eh•· questo succedi' JWrchf la dieta determina 
la produzionl' di un substrato utilizzabile nd metaholismn batterico pPr In 
produzione di sostanze carcinogeneticbe o precarcino~enetiche. Ahhianw 
studiato diver~;i suhstrati ed i risultati hanno me~:~so in evidenza eh•· tru 
questi quelli che hanno magf!,:iore importanza sono gli acidi biliari. 

Tuttavia sono necessari ulteriori studi che confermino o rigettino quo·­
sta ipotesi. 

Th~ work of n1y laboratory io tntirdy finandally supportl'd hy tlll' Canr.l'r RI'SI'IIrr'h 
Camraign and for this wr arr l':>.trrm~ly !!ratrful. 

REFERENGES 

l. ENSTROM. ]. E. 1975. ColorcctAI rann·r and cuu,mnptiun of lwt'f and fai. Br . .f. 
Can~er. 32: 4.32-439. 

2. ARIES, \'., CaowTRER, J. S., DRASAR, B. S .. 1-hu. M. J. & 'WtLLIAM~, R. E. O. l%9. 
Bacterio ond th~ etiolo~~:y of c:uwn of thP largc bow~l. Gut. 10: 334-335. 

3. HILf,. M. ,l., URASAR. B. S., ARIF.S. V, C., (:ROWTlllm. J, S .. HAWKSWORTII G. M. & 

WILLIAMS, R. 1971. Bacterio and th~ etiology of ranc~r of larp:r· howel. L<lnnl i: 9.~ }11!1, 

4.. LAQUER, G. L. & SPATZ. M. )QOfl. 'fo1<icology of cycasiu. Cnnur Re.•. 28: 2262-:!~t.7. 

5. DuNNII'iG, W. F .. Ct:RTIS, M. R. & MAITN M. E. l9SO. Thr effr<."t of odded dirtar~- tn­
ptopbanr on the occurrence of 2-aeetylaminofluorenr -indue!'d livl'r and bladdrr rau­

cer in rat~. Conrrr Res. 10: 454-4.59. 

6. BRY AN, G. T. 1971. T h e role of urina11· trypto]>han lll~tabolit<·" in t h,. ~tiology of hla<l<kr 
cancer. Am. ]. Clin. Nutr. 24: 841-1\47. 

7. BON!l, E., TAMM, A. & HILL, M. J. 1971>. Tbr produrtion of uriuary J>hrnol~ b~- ~!"' 

bacteria and their poasible role in tbc t•amation of larg•· howd ranccr. Am . ./. ClirL 

Nutr. 29: 144!1-1554. 

1:1. FARBER, E. IQ63. Ethionine carcinuj!:eflf'~i~. Adl·. Carwer RP .•. 7: 38:{-471. 

9. BRuu:, "-·H., Vargh~se, A. J .. 1-'lTRRER, R. & LAND, P. C.l97i. lu: Origins of Homulll 

CanrPr. Hiatt H., Wat~on .T., Winsten J. (Ed•.) Cold Sprinf( Harhor. Lab. New York. 



Hl LL 51 

IO. HJLL, M .. T. 1978. In: Frontiers ofG•wroint~slinal R~seauh, vol..~ (in pre$~). 

Il. WJL&ii'IS, T. D. & HAC&MAN, A. S. l9ì4. Two pattern~ of neutra) ~teroid eonvenion 
in the fece& of nonnal Nortb Americans. Cancer Res. M: 2250-2254. 

12. HJEGER, l. 1958. {:olesterol and carcinogene$is. Brii. t\1ed. BuU. 14: 159-160. 

13. HILL, M . .T. 197ì. In: Origins of Human Cancer. H. Hiatt. J. WatMon, J. Winaten 
(Eds.) Cold Spring Harbor Laboratory (New York). 

14. CuaiMII'IGS, G., WIGGII'IS, H., JEN&INS, D., HousTOI'I, H., DKASAK, B., Hn.r., M. J. & 
.hVRAJ, T. 1978. InHuomces of dieu high and low in animai fat on bowel boiliit, gadro­
inteninal transit lime, feeal microftora, bile aeids and fat t>xcretion. J. Clin. lnvesl. 
61: 953-961. 

J.). ="iARISAWA, T., MAGADIA, j., WEISBURGER, j, & WINDER, E. L. 1974. Promoting 
effeet of bile acida on colon carcinogeneais after intrarectal inatillation of N-methyi­
-N'nitro N-nitro~oguanidine in rah. J. NtJI. Cancer lnsl. 53: 1093-1095. 

16. Str.VERM~, S . .T., ANDREWS, A. W. 1977. Bile acida: Comutagenic activity in the Sal­
monella. Mammalian microsome mutagenicity test: hrief eommnnicuion. J. Nm. 
Con.eer fnst. 59: 1557-1559. 

1'7. IIJLL, M.]., DRASAR, 8. S., WILLIAliiS, R., MEADE, T. W., Cox, A. G., SrMl'SON, J. E. P., 
& MoRSON, B. 1975. The fetus aa a homograft. LancPI. i: .')35-536. 

Hl. FERI'IANDEZ, F. & HILL, M, J. 1978. TrtJns. Biochem. Soc. 6: .H6-379. 

19. MAS'lROMAlUNO, A., REDDY, B. S. & WYINDER, E, L. 1976. )[etaboJic epidemio)ogy 
of rolon eancer: omzymie activity of ft'cal ftora, Am. }. Clin. Nutr, 29: 1455-1460. 

:!0. HAL"'i!iZEL, W., KuRIRAllA, M., Loc&:E, F., SoniUZA .• K. & SEGI, M. 1976. Stomacb 
caneer in Japan, J. NtJI. Caneer Inst. S6: 265-274. 

:!L .\RMSTRONG, B. & DoLr., R. 1975. Environmental factors and caneer incidenee and 
mortality in different countries, with 8pecial reference to dietary praetiees. lru. ]. Can­
ru, lS: 617-629. 

22. WYNDEK, E. L. & SliWEMAT!iUT. 1967. F.nvironmental factors of eaneer ofthe colon 
and reetum. Can.:er. 2t: 1520-1557. 

~.1. naAuR, B. S. & IRviNG, D. 1973. Environmenu.l factors and eancer oftbeeolon and 
breaot. Brii .. T. Cancer 2: 167-172. 

24. GREGOR, 0., TOIIAI'I, R. & PlUISOVA, F. 1969. Gul. 10: 1031-1034. 

J.). WALIER, A. R. P., WALIU:K, 8. F. & RICa:ARDSoN 8. 1969. Bowel motility and colonie 
cancer. Br. Med. ]. iii: 238. 

26. BUR&ITT, D. P. 1971. Some negleeted lead~ lo eaneer eausation. }. Na1. Cancer fnsC. 

U: 913-919. 

~i. J.A.R.C. Working Party. 1917. Dietary tibre, transit time, faecal baeteria, steroida 
and .,olon eancer in two Scandinavian populationa. Lancel, i: 207-211. 

~H. MonAN, B., BARREJ,L. V., J.uotN, F .. MooAN, M., GaEENBERG. R. & GRAilAM, S. 1976. 
Low fiher intake as an etiologie factor in "ancer of the colon. J. Nm. Cancer lnst. 55: 
1.)-18, 

_jnll. l•t. S ~r. S~11il.i (1970) U, U-52 



2\1. 1-IAENSZEI-. W .. HERG, J., SEGl. M., ll.l'RIIIAHA, M. & Luct.t-. F. 197::1. l.arj!<' t>ow .. ! t'ali· 
eer in Hawaiian JapaoeS<', .f. ]'!,'m, (.'an~Pr lnsl. 51: 176.~·177\1. 

30. EN~TROM, J. E. 1977. Colort·clal canrtr and heerdrinkin!!, Br . ./. Camw. 35: 67·~--hiU. 

31. Bn:LKE. f.. 1974. ~rand . .1. Gas/r. 9. SUJif>l. :-11: 139-1~4. 

32. Hu.L, M. J., 1-IAWKSWORTII, G. M. & TATTERSAI-1-. G. 19'1.1. Ha~tnia. nitrosamìnt·~ ;m<! 
cancer of thc stomach. Br . .J, Cancer. 28: 562-5(,;, 

33. ZAJ,DJYAH, R. & RoJIINSO~. H .. 197.3. Epidl'mioloj!:i<"al inH~tÌj!:atiun un ~loma<"h canc~r 
mortality in Chileam. Z. KrPb~forsrh. 80: 289-29.). 

34. AR~IJU, R.,,CouJ,SON, A. 1975. Epiden,iulu![V of' stomad1 cancn in Chik. Th .. role 
of nitroj!:en fertilizer. lnl, .I. Epidemia/, 4.; ::IOI-30\J. 

35. 1-IAWKSWORTH, G .. HILL, M. J .. GORDiLLO, G. & Ctri:Ll.O, C. 1974. lu: N-1\'irroso Com· 
pounds: Analysis and Formation. P. Bo"ovski, R. Preusman. E. v;'alk~r (Ed~.) IARC 
(Lyon). pp. 22\J. 

36. CuELLO, C., CoRREA, P., 1-IAJ:NSZl:L. W., LonDILLO, b .. BnOWI'i, C .. AncHER, .M. & 

TANNJ:NIIAUM S. 1976. :Gastric cancer in Colombia. Canc~r risk and susp~cl environ· 
menta! a!l'ents, J. Nn/, Cnnnr lnsl. 51: IOI.~-1020. 



Infezioni anaerobie in chirurgia 

V. SPF.RA~ZA e G. ){F.NNINI 

! .• titulo della VI Clinica Chiru~iru deU'Unit•ersi/4 di Roma 

Abbiamo ass1st1to negli ultimi anni ad un mutamento •Iella flora pato­
gena nelle infezioni chirurgiche non solo da Gram-positivi verso Gram­
negativi, ma, in particolare, da germi aerobi a germi anaerobi. Questo è 
:-;tato in parte determinato dal fatto che l'antibioticoterapia ha sempre 
rivolto la sua attenzione al trattamento delle infezioni sostenute da batteri 
aerobi Gram-positivi e Gram-negativi e solo di alcuni particolari tipi di 
infezioni anaerobie come il tetano e la gangrena gassosa. A ciò si aggiunge 
l'affinamento delle tecniche microbiologicbe per l'isolamento e la coltura 
dei germi anaerobi (per cui si è fatta giustizia di alcuni luoghi comuni come 
la definizione di« pus sterile» per materiale ascessuale da cui non si isola­
vano germi aerobi [l, 2]). 

Molti sono i dati in letteratura che evidenziano l'entità di tale problema 
riportando l'incidenza degli anaerobi nelle principali infezioni chirurgichf': 
in 67 casi di infezioni intraddominali abbiamo il 79 % di infezioni miste 
ed il 15 % di infezioni anaerobie pure; in 33 casi di infezioni ginecologiche 
)'incidenza delle colture anaerobie pure è stato del 36 %. e per l'apparato 
respiratorio del 52% in 64 casi esaminati (Tab. l). 

La diagnosi di infezione anaerobia non è sempre sostenuta dal reperto 
batteriologico di coltura positiva; 11pesso infatti il solo quadro clinico sug­
gerisce c suffraga tale diagnosi in base a particolari caratteristiche delle 
infezioni anaerobie (Tab. 2). lnnanzitutto la sede, profondamente situata; 
la via di f'ntrata del tratto gastrointestinale e peritoneale; l'odore fetido; la 
formazione di gas; la necrosi tissutale [3]. 

In generale gli anaerobi vl"ngono dalla Rora normale dell'individuo, 
Le mucose della hoc~a. d..,ll'apparato r~'""piratorio, del tubo digerente come 
anche del tratto genitale femminile sono le zone anatomiche più comune­
mente colpite dalla colonizzazione della flora normale. Una soluzione eli 
continuo di tali tessuti, traumatica o chirurgica, porta alla contaminazione 
ed, eventualmente, alla infezione da anaerobi. 
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TABEI.LA 

Incidenza isolamento anaerobi neUe infezioni chirurgiche 

p l. () (; () ;; l 

Endoaddominal~ "' 
Gin.,oologica 33 

Apl'arato respiratorio 64 

Testa e oollo l 8.1 

Vie urinarit 107 

y;., biliari 

Cutc e tessuti molli 57 

Caratteristiche della ftogosi da anaerobi 

Jot;,,; 
ad aeroh; 

o 

79 

" 
" 
20 

9 

.. 

.FlogMi profondamentr situRte nella pehi c nella 
-· s .. d.. cavità peritoneale 

l Porta d'illjl:fi'SSO 

·- Odorr fetido: 

l'orma:~;ion(' di ga~: 

Tenden:~;a allo scollamentu: 

-- Tendenu alla diffusiont• con ner.ro~i tis~utttl.-: 

-· i'legatività <'Oiturall" per acrohi. 

l'u<; 

"• 

15 

36 

52 

31 

if> 

TABELI,A 2 

Per quello che riguarda la chirurgia addominale, branca di nostro spe­
cifico interesse, è importante sottolineare che tutto il tratto gastroenterico, 
e specialmente il grosso intestino, è popolato da una fiora complessa, in cui 
il rapporto tra anaerobi ed aerobi è di 1000:1. Difficilfl talora valutare la 
reale patogenieità degli anaerobi, sia perché frequentemente associati a germi 
aerobi, sia perché, come taluni AA. ritengono, la ]oro presenza potrebbe 
essere espressione di una colonizzazione fortuita . 

.A nn. Iol.. S"pu. S~Hil.à (lQ79J U. 53 6l 
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Possiamo trovarci di fronte a quattro possibilità diverse (T ab. 3): nella 
prima abbiamo una infezione con coltura positiva per anaerobi; questa 
è la condizione ottimale che ci può far affermare di trO\'arci di fronte ad una 
infe:r.ione da anaerobi; la seconda in cui vi è una infezione con coltura posi­
tiva per aerobi, ed anche in questo caso potrebbero t•ssere in giuoco gli anae• 
rubi se non è stata fatta una chiara ricerca df"gli anaerobi medesimi; la terza 
possibilità è la presenza di infezioni con ,colture di aerobi ed anaerobi; la 
quarta possibilità, che è la più frequente, almeno sino ad oggi, è data dalla 
presenza di infezioni con colture negative. determinandosi così il caso del 
('osiddl"tto «pus steril<'». 

Infezioni da anaerobi 

.l) lnft'zione •·oltura po~itiva at>robi <'d :lnat'rohi 

·l) lnft'zion<> coltura uep:atinl ana<>robi (pu~ ~t<'fil<'!) 

Tipicamente le infezioni da anaerobi si s"·iluppano nei cosiddetti spazi 
chiusi. 

~ella peritonite sperimentale, indotta da Gorbach c Coli. (Fig. l) in 
ratti Wistar sotto trattamento antibiotico, inserendo nell'addome una 
capsula gelatinosa contenente meteriale fecale, l'infezione ha presentato 
un decorso bifasieo. Inizialmente si è verificata una peritonite acuta gene­
ralizzata sostenuta da batteri aerobi, associata ad un tasso di mortalità 
Jrl ·13 %; successivamente si è sviluppata una seconda fase caratterizzata 
dalla presenza di ascessi multipli, dai quali sono stati isolati anaerobi pu· 
ri[ l, 5]. 

Frequentemente nella esperienza clinica si può avere la formazione 
,Ji a~cessi multipli endoaddominali, !lenza una evidente fase precedente 
di 1writonite diffusa, a causa delle variazioni indotte dalla untibioticote• 
rapi a principalmente attiva contro la flora aerobica [6}. 

lJue~>to tipo .li iufezioui auaewhiche ~>pesso è complicato da una hatte· 
rwmm causata nel 97-99 % da batteri Gram-negativi (B. fragilis, Bacteroi­
<Ìt's) •· nell'l-3% da Gram-positivi (Clostridi, Cocci). Grave eonscguenza 
di tali battcriemie è lo shock settico, la cui insorgenza è determinata llalle 
•·•Hiotossine prodotte dai germi Gram-negativi aerobi t•d anaerobi [7]. 

' ' 

1 ,, 
,, 
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Ratto Wistar 

Capsula gelatinosa 
contenente materrale 
tecale 

Fif!". L - Pcritonite spt'rimeutak 
l" i'a~c 

J>nìtonite generalizzata • eoliformi 

l • enteroeocchi 
mortalità 43 ~-0 

~ l settimana 
2• fue 

asces•i multipli • anaerobi 
(B.fragiiU) 

Le endotossine dei Gram~negativi, pur differenziandosi l'una dall'altra, 
agiscono con il medesimo meccanismo, anche se con tossicità diversa. Talt> 
meccanismo determina una alfa o heta~stimolazione [8J. L'alfa--stimolazione 
provoca un effetto simpaticomimetico, con vasocostrizione dello sfintere prl'· 
capillare e quindi aumento delle resistenze periferiche; si realizza così il 
quadro del cosiddetto shock freddo, ipodinamico, ipovolemico, che si dif· 
Cerenzia dallo shock caldo iperdinamico, caratterizzato da basse resistenze, 
per il quale si è ipotizzata la teoria della beta--stimolazione [9, 12]. Questa 
provocherebbe l'apertura degli shums periferici, con riduzione dell'afflusso 
di sangue in vari distretti e specie neUo splancnico, con il risultato di una 
anossia stagnante periferica, vasoparalisi e sequestrazione del sangue. 

A tali meccanismi adrenergici si associano reazioni immunitarie indotte 
da costituenti della parete cellulare dei germi Gram~negativi, di natura 
lipopolisaccaridica ed aventi potere antigene. 

Tale reazione immunitaria dà luogo a liberazione di sostanze vasoattive 
di tipo vasoparalitico, in particolare istamina e serotonina, che, associate 
agli alti livelli di catecolaminc circolanti, sono responsabili delle gravi rea· 
zioni emodinamicbe e cellulari. 

A ciò si aggiunge un probabile danno cellulare diretto (cioè non mediato 
per via vascolare) da parte deUa endotossina (13J . 

.A lUI. ]8(_ 8 pu. Soni!<i (1979) 15, 53-e4 



!Jal (liH·rso rapporto tra r;-azioni adrenergiche c reazioni immunitarie 
ri;.ultano i molteplici quadri clinici dello shock tos~<infcttivo; tale shock 
('onserva a tutt'oggi grande importanza clinica essendo in ordine di fre­
(jUCnza il terzo tipo di shock e, per la sua gravità, quello associato alla più 
devata mortalità (25-30 %) [9, H-16]. 

In chirurgia addominale lo shock settico si ritrova più frequentem('nte 
come complicanza di peritoniti acute generalizzate [17, 18]. 

~ormalmente esiste a livello della sierosa peritoneale una clearance che 
assicura un drenaggio dei batteri e delle tossinfl presenti nel cavo, rispetti· 
vamente attraverso i vasi linfatici e venosi. Tale clearance fisiologica viene 
alterata dalla presenza nel cavo pNitoneale di materiale organico, come 
mucina ed emoglobina. 

Sleeman [IO] iniettò nel peritoneo alLumina marcata inl'fieme con un 
('erto numero di E. coli, poi controllò sia la concentrazione plasmatica di 
albumina che il numero delle colonie batteriche nella sierosa peritoneale [9]. 
()uando batteri sono introdotti senza altre sostanze si ha un m!lssimo rias­
~orbimento di albumina marcata cd un numero minimo di colonie. Quando 
e'è materiale organico, mucina ed emoglobina, si verifica invece un minimo 
riassorhimento di albumina e massima proliferazione batterica. 

In caso di flogosi peritoneale, i vasi linfatici vengono compressi e t'un· 
t.ionalmente esclusi con riduzione della ckarance batterica, inoltre c'è un 
maggior assorbimento per via ematica di endotossine. 

La presenza di abnormi quantità di germi nella cavità pcritoneale 
determina una reazione Rogistica con essudazione fibrinosa [4]; la fibrina 
determina la formazione di innumerevoli sepimenti e quindi di una miriade 
(li piccoli ascessi annidati nelle innumerevoli concamerazioni esistenti tra 
ansa ed ansa, nelle pliche e nei recessi [6]. 

Sulla base di queste considerazioni si può comprendere l'inefficacia 
dell'antibioticoterapia e dell'uso dei drenaggi, in corso di peritonite, mentre 
molto efficace risulta essere il lavaggio peritoneale (Fig. 2) in quanto agente 
meccanico di rimozione dei germi e delle sostanze organiche presenti nel cavo, 
e pertanto capace di ripristinare la fisiologica clearance peritoneale [19-21]. 

Una corretta tattica operatoria prevede quindi l'utilizzazione di dre­
naggi per permettere il lavaggio peritoneale; la soluzione per tale lavaggio 
è costituita da una soluzione elettrolitica bilanciata con l'aggiunta di epa­
rina e sostanze fibrinolitiche [5]. 

Per quanto riguarda il trattamento antibiotico delle infer.ioni chirur­
giche. riportiamo brevemente la nostra esperienza dell'uso di un nuovo 
antibiotico della famiglia delle cefamicinc, la cefoxitina, che ha la parti­
(~ularità di essere attiva sui germi Gram-positivi e Gram-negativi. 

La cefoxitina inibisce la sintesi della parete cellulare batterica e svolge 
ctfetto battericida [22-25). La particolare struttura molecolare conferisce 

A"''·/.</. 8 por. Sanità (1070) 15, ~J--1}4 
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al farmaco un eccezionale grado di resistenza alle heta-lattamaeì [25--29]. 
le quali rappresentano uno dei principali meccanismi della resistenza bat­
terica alle penicilline ed alle cefalosporine. 

Sono stati trattati 50 pazienti, compresi tra i 20 ed i 73 anni, età media 
46 anni, ospedalizzati per varie patologie: infezioni intraaddominali post­
operatorie (30 casi), infezioni genito-urinarie (9 casi), infezioni delle vie 
respiratorie (6 casi), setticemia (4 casi), e infezioni ossee (l caso). 

Di ogni paziente è stata ottenuta una emocoltura per gli aerobi e la 
conta batterica su urine e coltwe di altri liquidi di drenaggio. In alcuni 
casi si è provveduto a colture specifiche per anaerobi; su queste colture 
è stato eseguito un antibiogramma standard, saggiando anche la sensibilità 
aUa cefoxitina, Durante il trattamento con la cefoxitina non è stato sommi­
nistrato alcun altro antibiotico. 

L'antibiotico è stato somministrato al dosaggio iniziale di 2 g x 3 endo­
vena al dì, per una media di 5,57 gg., seguito da l g x 3 i.m. al dì, diluito 
eon soluzione di lidocaina, per una media di 4,99 gg. [12). 

Tutti i patogeni isolati si sono dimostrati sensibili aUa cefoxitina mentre 
alcuni ceppi hanno dimostrato vario grado di resistenza ad altri antibiotici 
tipo penicillina, gentamicina, cloramfenicolo, ampicillina; la cefoxitina, 
inoltre, si è dimostrata anche più attiva di altre cefalosporine (Tab. 4) 
(23, 30, 31]. 

L 'intensità della infezione è stata giudicata grave in 17 pazienti e mo­
derata in 13. I risultati batteriologici del trattamento nei pazienti nei quali 
è stato possibile isolare il germe patogeno sono riportati nella Tab. S. 

I controlli batteriologici dopo il trattamento hanno confermato la validità 
terapeutica deUa cefoxitina. Gli ottimi risultati clinici conseguiti a nostro 
avviso debbono essere attribuiti in gran parte proprio alla efficace azione 
sugli anaerobi. 

Non c'è dubbio che, nell'ambito della chirurgia gastroenterica, la chi­
rurgia del grosso intestino è quella gravata da un maggior numero di com· 
plicanze infettive postoperatorie. 

I motivi di ciò vanno senz'altro ricercati nel più alto contenuto bat• 
terico a livello del tratto distale dell'intestino. Il numero di batteri per 
grammo di contenuto dei viscere aumenta dall'alto verso il basso, sino a 
raggiungere un massimo di 1011 nel sigma-retto. :f:; pertanto necessario 
ridurre il contenuto intestinale dei pazienti da sottoporre ad interventi 
chirurgici sul grosso intestino, sia attraverso diete, purganti e lavaggio 
del colon, sia con l'uso di chemioterapici (metronidazolo) od antibiotici 
(cefoxitina, neomicina, kanamicina). 

In conclusione gli anaerobi rivestono un ruolo di sempre maggiore impor· 
tanza nelle infezioni chirurgiche. Dal momento che la maggior parte delle 
infezioni chirurgiche sono causate da una flora mista aerobia ed anaerohia, 
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anche in assenza di un reperto batteriologico potnttvo per gli anaerobi, è 
necessario somministrare un antibiotico od una combinazione di antibio• 
tici attivi su Pntrambe le specie. 

RiaMunto. - L'incidenza degli anaerobi nelle infezioni chinugiche 
è negli ultimi anni notevolmente aumentata in seguito ad un aumento asso­
luto della flora anaerobia ed al miglioramento delle tecniche di isolamento 
e di coltura che hanno drasticamente diminuito l'incidenza del cosiddetto 
« pus sterile». 

L'evoluzione dello shock tossi-infettivo da germi anaerobi Gram-nega­
tivi, presenta seri problemi di ordine clinico, essendo lo shock gravato dalla 
I)ÌÙ alta mortalità. Un esempio paradigmatico di shock determinato da 
infezioni chirurgiche è quello che complica la peritonite. Una condotta 
postoperatoria corretta necessita di lavaggio peritoneale attraverso i dre­
naggi posti in situ preoperatoriamente. 

B riportata la personale esperienza degli AA. con 50 pazienti ospedaliz­
zati e trattati chirurgicamente e sottoposti a terapia antibiotica con cefo· 
xitina, nuova cefamicina resistente alla betalattamasi. 

Summary (Anaerobic infections in surgery). - In the past few yea:rs 
the incidence of anaerobes in the aetiology of surgical infections has defi­
nitely increased due to a distinct increase in anaerobic flora and to the noti­
eeahle improvement in isolation and culture techniques which bave drasti­
eally decreased the incidence of so-called «sterile pus». 

The development of the toxi-infectiye shock due to Gram negative 
anaerobes, presenta the most serious clinical problems, heing the shock 
with the highest mortality rate. A paradigmatic example of shock due to 
surgieal infeetions is the shock eomplicating peritonitis. A correct posto­
perative behaviour ineludes peritoneal Javage through drainages plaeed 
lluring surgery, 

The AA. personal experience with 50 hospitalized patients treated 
surgically and with cefoxitina, a new cephamycin semisynthetic antibiotic 
resistant to beta-lactamases, is reported. 
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Anaerobic sepsis 

S. TABAQCHALI 

Department of Medi.ctll Jficrobiology, St. Barw/omrt•,.s lio&pital, LonMn 

Thc bacterial flora oj the moulh 

The saliva contains aerobic bacteria and facoltative bacteria in con· 
t·entrations of 107-108 organisms per ml, whereas the anaerobic count is 
107-109 organisms per ml [IJ. Similar counts are found at tooth surfaces. 
hut the gingival scrapings contains a much higher anaerobic count 1010-lOll 
organisms per gram. The oxidation reduction potential (Eh) at the gingi· 
\·al crevices is --300m V. Total anaerobic counts and the relative proportion 
of anaerobes to aerohes increase in the presence of dental disease [2]. 

The commonest anaerabic bacteria of clinica! significance are BactP· 
rnides melaninogenicus, B. oralis, Fusobacterium nuckatum, Peptococcus and 
Peptostreptococcus as well as Yeillonella and the anaerobic Spirochaett·~. 

The types of infection which are associatcd with ora! anaerobes art~ 

predominantly peridontal and ora! infections, chronic ear disease and ma· 
.~toiditis, chronic sinusitis, brain ahscess, pulmonary disease, in particular 
rmpyema and pulmonary abscess, hronchiectasis and aspiration pneumo· 
ma. Bacteraemia and cndocarditis can occur after dental extractions and 
occasionally liver abscess. 

Racteriological.findings nf pulmonary disease 

In ordcr to study the role of anaerohes in pulmonary infections, it is 
necessary to use specimens such as transtracheal aspirates, empyema tluid 
or ùirect lung punctures that are devoid of contamination with the bacteri al 
llora of the mouth where anaerobes outnumhN aerohes by a factor of at 
least 10 to nne. 

On analysing thé bact~:rial findings from 83 cases of empyt•ma Hartlett 
and CoU. [3] rt'pnrted that from 63 (76 %) anat>rohic bacteria were ret'o· 
\·rred and anaerohic hactf'ria were the e:xclusive isolates in 29 (35 %). In 
most, the llora was enmplex:. an d tbere was an avt•rage nf 2.6 different bactl'· 
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r1a per spccimen. Tbc predominant micro-organisms in order of pre\oa· 
Jence were anaerohic and microaerophilic Streptococci, Sthaph. aureus, 
Peptococcus. F. nucleatum. B. melaninogenicus, B.jrUf!,ilis. Clostridia, Esche­
richiu coli and Pseudomonas aeruginosa. 

The hactcriological findings from 7ù patients with aspiration pnf"u­
monia studied by Bartlett and Coli. [4] using transtracheal aspirates showe(l 
that anacruLic Lactcr.ia '\\-'t)rt: reco\oered frolli 61 paticnts (87 /~) aud wcr •. 
the exclusive organism in 32 (46 %). More than ont> hacterial spccies wa~ 
recovered in 56 of 70 cascs (80 %), witb an average of 2.9 isolates per cas(:. 
Tbc predominant organisms were anaf'.rnhic or microaeropbilif'. Strt'.ptococei 
(32 isolates), B. melaninogenicus (27) and F. nucleatum (19). In ali 70 pa· 
tients reported by Bartlett and Coll. [4] however. tbere were predispu· 
sing factors such as alcoholism or cerehrovascular disturLances. 

The normal flora associated with tlw 8astm-intestinal tract 

As outlined by a previous speaker, thc bacterial Rora of the gastro­
intestina} tract consists predominantly of anaerobic bacteria. Tbe commo­
nest organism associated with clinical infections is Bacteroides fragi.lis. 

Tbc commonest types of infections associated witb tbc normal fiora 
of tbc intestine usually follow howel surgery or perforation of large bowel 
such as peritonitis, wound infections, intra-abdominal abscess, subphrenic 
abscess, liver ahscess and perianal infections. 

T~ bacterial flora of tlw vagina/ tract 

Recent quantitative studies of the bacterial flora of vagina! secretions 
bave demonstrated tbc prcdominance of anaerobic bacteria over aerobic 
and factùtative hacteria in a ratio of at least IO : l. The anaerohic bacteria 
are present in concentrations of 109 organisms per gram and tbe aerobir 
flora, 108 organisms per gram. Tbc commonest organisms bere in arder of 
their concentrations ,arel,the Peptococcus and tben tbc Bacteroides sp. [5]. 

Tbe infections associated with tbc anacrobic Lactcria of the female 
genita1 tract are the non-gonococcal salpingitis, tubo-ovarian abcess, pelvic 
ahcsess, pyometra and otbers. Isolation of numerous anaerobic organisms 
from one specimen is common in pelvic in8ammatory diseasc. 

Bacteriological anal;-sis of 40 specimens of pus 

The bacteriological findings from 40 spechnens coJlected and proces· 
sed using methods outlined below are shown in Table l. Ali 40 specimen~ 
of pus derived from various abdominal, pelvic, and other sites had anaero· 

,Au" J.r s~per. S•mil<i (1~79) 15,65-76 



'fABAQCH"LI 67 

hic hacteria isolated from thf>m. From 37 out of 40 specimens, Bacteroides 
>~p. were isolated, of which 28 (75 %) were B. Jragilis, The next common 
organism was the Gram positive Peptococcus/Peptostreptococcus isolated 
from 15 specimens and Clostridia sp. from 9 (Tahle l). From 29 out of -tO 
spccimens, aerohic hacteria were isolated, where E. enti was the eommo· 
1wst. hut other organisms were also present (Table 1). 

The number of specimens with anaerobes was 40, the numlwr with 
mix1•d aerobes and anal:"tobes was 29 and with anaerobes alonf' was 11. 
The isolation rate per specimen was 2.7 organisms. 

The above specimens were ali collected in a gassed-out transport bottlc 
(Fi~. 1). These transport hottles (jencons, Wheaton Lahoratory Products) 

Fip::. l. - Gas~d-out ttan&port bottlt'. 
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T~nLr ! 

Type~' of badt"ria i,;olated from 40 clinit'al 
specimen;; of pu~ 

A'\.H:tW[IlL 01\CA....-1~'11~ 

"'~"'""'" 
,--~--

1 Bartrroirlr!i sp. 

B. fraJ!ili' 
R. <lislru~onis 

B. N•il(alu.• 

B. m.elaninogenicu> 
B. rorrodem 

}'usobactcria 

PeptococC\Is;'Peptostreptococcuo 

Clostridia sp. 
Cl. welchii type A 
Cl. aepticum 
Cl. glycalicum 
O. sporogene• 

Eubacteria 

Actinomyce• 

TOTAL 

Total number of specimens with anaerobic 
bacteria . . . . . 

1:. coli 

AEROBIC ORGANI~HS 
organi o m 

Proteus 

Pseudomonas 

En~erobacter doa.c11e 

Enterococci . . . . 

o h<umwlytic 31repJooocd 

Staphyloooccua aurtrua 

SJaphylococcu3 al&u& 

Micr01urophilic alreplo(otci 

Candida albicans 

TOTAL 

Total number of specimens with aerobic 
organisms 

' ., 
' ., 

' ., 
' 

2 

70 

'" _j ____ l 

l ! 

19 

3 

2 

2 

2 

l 

4 

3 

39 

29 



w Ne prt•par('d in thc lalwratory. 0.5 ml uf prc-rt-duet-tl Hraiu ll1•art Infu~ion 
Hroth (Oxoid) and a rcdox indicator, rcsazurine (a s('nsiti,-c oxidation­
rerluction indicator which turns pink on cxpo~ure to air) wrre added. Th,-. 
hottles were then gassed-out with oxyge'n-fr('c cnrJ,on-dioxiJe, sealcd 
with a ruhbcr stoppcr and a mctal cap and tht•n autoclavt'd at l.'i lhs for 
25 minutes, labclled and stored a t ·1° C. A numht•r of these hottles Wt're 
made availahlc in the surgical theatres and the wards. 

The use of these hottles cnable the clinician and surw·ou W aspirate 
rather than swab and hence provide a hetter spccinwn t'or unaerobic cul­
ture. At the same time delay in the transport to the laboratory is not cru­
t:ial as the specimens are under anaerobic conditions. Furtht>rmnm the u~e 
of the gassed-out transport hottles enabled us to carry out dirt•ct f'Xamina· 
tion of the specimen by gas-liquid chromatography (GLC) for the pre· 
~ence of short chain fatty acids (SCFA). 

Gas-liquid chromatography for the rapid diagnosis of anaerobic infection.~ 

Culture of anaerobic hactcria and tbcir suhsequent id('ntification is 
time consuming, taking anything t'rom one day to a week or mor~ whf'n 
mixed infections are found. Otber, more rapid methods of diagnosis ha\ e 
been investigated and these include the use of gas-liquid chromatography 
(GLC). Gorbach and Coli. [6J were the first to apply the use of GLC to cli­
nical specimens of pus in order to detect tbe prcsence of short-chain fatty 
acids (SCFA) and this method has been applied by otbers [7, 8]. Certain 
anaerobic bacteria produce specific patterns of SCFA from tbc metoholism 
of carbohydrate and proteìn, a property orginally used for taxonomic pur­
poses. The main SCFA are the volatile fatty acida (VFA), especially acetic, 
propionic and butyric acids and the non-volatile fatty acids (non-VFA), 
in particular lactic and succinic acids. Tbeae acida are also produced in 
vivo and can be detected by direct GLC of clinical materia! and a reault 
is obtained within one hour, giving presumptive diagnosis of anaerobi~ 
infections. 

90 consecutive clinica) specimens of pus and other body fluida (joint, 
pleural, peritoneal fluids and others) were examined by gas-liquid chroma­
tography (GLC) and routine bacteriological culture methods and the results 
compared (Table 2). The detection of aignificant short chain fatty acids 
(~CFA) by GLC corrclatcd well ""ith lite isolation of anerohic hacteria. In 
21 of 27 spccimens with positive SCFA rcaults anaerobic organism were 
isolated, the remaining 6 samples with positive SCFA produced faculta­
tive organiams only (Tahle 3) 3 specimena with negative SCFA yielded 
anaerobic bacteria, one of which h ad anaerobic Streptococci which is known 
not to produce SCFA. The remaining 60 specimens with negative SCFA 
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TABLE 2 

Summary of baeteriological findings and gas-liquid ehromatograpby (GLC) 
in 90 clinica) specimens 

T~ p• 
SPECt>IE:V' 

A~id, j') 1-of or,•ni•rn• l'io. T t> TAL 

' 
l 

Po~ili~ e AandP,B,LorS Anaerobic (±fa· 
(one or more) cultativr) 21 1 

j o-
"' AandP,B,LorS l<'acultative onl} 6 

(one or morr) 
Po~ith•· 

l'lo acid~ (or A only) Anaerobic (~fa-
cultativl.') 3 1 

' 
l'\ o acids (or A only) Faeultati\·e only " t 63 

No acids (or A only) !Xo bactt"ria ~trown 24 J 

90 

failed to yield anaerohic organisms, 36 had facultative organisms only and 
th~r(> was no growth in the remaining 24 specimens (Table 2). 

In generai, therefore, direct GLC examination of clinical materia! pro­
vides a rapid, reliable and simple method of detecting anaerobic bacterio 
in infections and can be applìed in routine bacteriological laboratories. 

In our experience GLC exam.ination of clinical specimens can Le helpful 
even wben the patients bave already commenced antibiotic therapy wben 
recovery of bacteria is difficult. Occasionally examination of hlood cul­
ture hroths by GLC may be rewarding. 

Bacteraemia and endocarditis 

Recent reports from severa! laboratories bave indieated that there 
is an increase in the rate of iso1ation of anaerobic hacteria from blood cultu­
res. Tbc anaerobic bacteria appear to be responsihle for 8 to Il % of bacte­
raemias in a generai bospital (9-ll.] In Mayo-dinic series, anaerohes accoun­
ted for ll-12% of ali blood culture isolates from 1968-1970 [Il], as compa• 
red to 2.2 % during 1948-1959 (12]; although tbis significant increase in 
tbe isolation rate of anaerohes must be attributable to improved culture 
techniques, also tbc increased number of colonie and pelvic surgery carried 
out at tbese institutions must be taken into account. 
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'fABLE 3 

Bacteriological analysis of clinieal speeimens with signifieant 
short-chain fatty aeid production 

l 
l 

CvL"rt;~~ ' 
~, ..... Ao;,!> (") 

l 
l 

An•«ob•• l Aorob~o 

. 

l lntra-abdominal 

l 
! 

_.\, P. B Bacleroid~.• frr.~ilis ' Coliform sp. 
abscess 

' 
lntrD.··abdoiRinal _\,P,T..S E. fra~>:ilis Coliform $p. 

' abscess l thetai omomicrun. ' Enterococcus 

1 
Jntra-abdominal .\.P. 8, L, S Bacteroide~ •p. Coliform ~p. 

' abscess l ,-,taph. aureus 

lntra-abdominal A, P, B Bacteroide~ ~p. 
l Coliform sp. 

abscess 

' Sub-phrenic abscess A,B Clostridium sparagl!n Staph. alhus 

i 
Appeudix abscess '· P, B B. Jraf!,ilis Jragilis ' Coliform ~p. 

' 
P-roteus 

I.ivcr abscess A,P,B B. fragilis l Coliform .,. 
Eubacteria l Emerobarter rloacae 

' 
.\, B ' l Coliform sp. :Bile 

1 

Cl. 'epticum 

\bdominal wound A, P , B. fragilis fragilis F:nterococcus 

1 B.frogilis vulgatus 

Stapk. albus 

Abdominal wound A. L.S Coliform sp. 
Enteroooccus 
Staph. a!U'eus 

Pelvic absce~s A, P R. fragili~ Coliform sp. 

' Cl. welchii 

Pelvic ahscl"SS ·\,P.iB, B B. gfr';lilis -
iV, V .\naero ic •trep. 

Actinomyces 
Clostridium sp. 
Fusobacteria 

' l Perianal ab~cess 

l 
A, P, B, 

l 
R. eorrtJdens l -

l 
.\naerobic strep. 

l 
. Eubacteria 

' r ' 
(') A ~ •<~<;c ac;d: l'- prop;u,.;o add: B = butyric oo;d; ili = l•<>-botrric ac;d; V= ,ola.,;c aoid; 

i\ ·• ioo-volur;c •dd; L~ lactie ac;d; S = ,ucdnic •oid. 

- ~;~mHi•• no bocterial growth. 

.!nn. t.l. S"l'-'· Sani/li (1~79) 15, ti;;...Od 
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PoUr.>w&: T.t.BLE .1 

BacterioJ~eal analysis of elinical specimens with trignificanl 
&b.ort-chain fatty acld production 

l l CULTI!• E+ 

Sou<< Amd• (•J 

l l l Anaorobe, Aerob•• 

l 
l Perianal wouttd A,B B.frugiJi& vulg111w 

Anaerohic &trep. 
Colifonn &p. 

Thip:h llh.eess A, P, 18. B, /ragi.lis CoJiform ap. 
B,iV HaemoJytic atrep. 

l'high abaeeu A,P,B Bacteroides ap. 
Clottridium ap. 

Colifonn ap. 
Sw.pk, Q.NI'lllfS 

Thigb ab&ceas A,B Baeteroides &p. -
Empyema A,P,iB,B Cl. glyeolinum 

Anaerobie strep. 
Coliform sp. 
Non-haemolytic 
atrep. 

Empyema A,P,B Bacteroidea ap. 
(mieroaet'Gphillic 

-

atrcp.) 

Subdural aballe!la A,P,B B. f,.PU/ragilU -

Faee ahllllefls A, P B. awrod.m -
Anaerobic atrep. 

lntra--abdominaJ A,P,B - Coiiform •P· 
ah$eeas ,_haemolytic atrep. 

Retroperitoaeal A,P,B - Proteut/Enteroooc-
~ 

{;qliform ep. 

AbdominaJ wound A, P - Klebaiella ap. 

Groin absceaa A,P,B - Coliform ap. 

Neck wound A,P,B - Coliform ap. 
Diptheroid 
Sulph. .-ur•u.t 

Foot ab-•s A,P,B - E.oteroooceus 

l 
l 

(0} A. - •oetio •aid; P - propioalo •cid; B - butyrio •aid; iB - ioo-bllt)'<io uid; V .. v.oJ .. nc uid; 
IV .. loo-v ... eiic •aid! L- l•otlo ...W\ S .. oucdloio •oid 

- SlplAeo 11<> baoteri•l powtb. 

AM. hl.. SMJHr. S.mtd (lll7D) U, M-76 
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The predominant anaerobio i.Bolatea are the Gram-negative bacilli [Il. 
13]. Of those Bamroicks Jrasilis is by fa:r the commoneat, (58-90 %) of 
theee organism.e. followed by Fusobacteria (4--20 %) [9-ll. 13. 14]. Although 
anaerobic s.peeies bave been aesociated with endocarditi&. the number of 
cas.es a:re relatively Jow. In reviews of 1498 Cll8e8 of infective endoea:rd.itia 
anaerobee were recoverf!d from 55 patiente (3.8 %) and theae were predo-­
minandy Peptostreptocoeci and microaerophilic Streptococci (IO. 15]. Other 
anaerobio bacteria are occaeionally responsible for endocarditi&. Nastro 
and Finegold [16] reviewed thirtyseven caeea involving anae:robic Gram 
negative bacilli and the isolatea were B. fragilis (13). B. aralia (1). B. mela­
ninosmicus (one). F. nuroplwrum (7). F. nuclcaaum (3) and Dioli:t~r gra· 
nuliformaru {1). The mortality ratf! among reported casea wae 38 %· 

P~city of anfJ4!1rofric bae~rio 

Oxygen tolerance of anae:robee may be important in the pathogenicity 
of certain anaerobio bacteria. In etndying the oxygen tolerance of 57 f:reah. 
anael'Obic clinica! ieolates from infected sitee. Tally and Coli. [17] found 
that ali organieme eurvived at least eight honre and 44 of the 57 tole:rated 
48-72 hoW'B of oxygen expoaure. Furthe:rmore no extremely oxygen een• 
sitive (E.O.S.) organianu were encounte:red in these specimeu, 

The preaence of the en.zyme. superoxide diamutase (S.O.D.). may form 
part of the biochem.ical basit of thia: tolerance. Supe:roxide dismutaae0 an 
ensyme fint deacrihed by McCord and Fridovich [18]. catalyeee the conve:r­
sion of toxic eupe:roxidtt radicalt to H10t:. Theae radieah are generated 
in the reduction of molecnla:r oxygen and are toxic to anae:rob-. S.O.D. 
is the enzyme whieh protecta celle by convenion of Ot: to HsOs+Os. In 
examining the dietribntion of S.O.D. in the clinical isolat• Tally and Coll. 
[19] found that ae:rotole:rant and moderate organismi poaeee S.O.D .• whilet 
strict anaerohel bave very low or undetect:ahle ensyme lttvei.. 

Although the prelellce of thia enzyme may contribute to the patho· 
genicity of the organil;nu other facton are abo involved. One eueh factor 
in Bat:teroidu frapli. Ìli the presence of thtt capaula:r polynccharide. 

Although Bat:teroide• JNJBUU eubap . .fraBili• ie the leut comm.OD in the 
faecal fiora accounting fOJ' only 0.04 % [20] it representa 65-85 % of clinical 
isolatea aa compared to the othe:r Bacteroides epeeiee {21. 22]. Ka•pe:r (23]" 
demoMt:rated by electron microacopy studiee that B.jr~ was eneapaulated. 
whereae othe:r speciee- wttre not. Furthermo:re. it wae shown in expe:rimental 
animai models that the capaula:r polyeaccharide was the virnlence factor 
caueing the formation of intra-abdominal abtceH formatioa [24]. 

Thia capaula:r polyeaccbaride il unique to B. JragilU and antiae:ra rai· 
sed againet the purified polyeaccharide reacted with almoet ali straina of 
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B. Jragilis but no t with other subspecies [21]. This antisera can be used 
to identify Bacteroides fragilis strains and has been used in the rapid diagno· 
sis of Bacteroides infections by the use of indirect immunoftuorescent sto­
dies of clinical materia! [25J. 

Finally lngham and Coli, (26] reported that anaeroLic bacteria may 
ìnterfere with the process of phagocytosis of aerobif' bacteria by norma] 
leucocytes. This may contribute to the pathogenesis of anaerobic infectiom. 

Conclusions 

Thc normal flora of the mouth, gastrointestinal tract, vaginal tract 
and sk.in consists predominantly of anaerobic bacteria, Thcse hacteria are 
inyo)ved in infections of the oropharynx, the chest, the centrai nervous 
system, the abdomen and the female pelvis as well as the skin. Bacterae­
mia and endocarditis may also be caused by anaerobes. 

A variety of anaerohic bacteria are encountered in clinica) sepcimens bot 
Bactf':roides fragilis is by far the commonest. Tbis may be due to virulenc1~ 
factors present in this species which bave not been demonstrated in others. 
Some of the pathogenic mechanisms of anaerobic bacteria are outlined. 

Summary. - Anaerobic bacteria are the major residents of the skin 
and mucous-memhrane surfaces, it is reasonable to suspect therefore, that 
these organisms play a part in the pathological processes associated with 
disturhances of these sites. The improvements in laboratory methods 
and the clarification of taxonomy bavE" resulted in an increased awareness 
of the prevalence and virulence of the non-sporing anaerobic organisms 
in clinical infections. 

In tbis paper, only a brief outline of the types of infections associa led 
wi.th the norma) flora and the types of hacteria isolated from tbese infec­
tions are given. Finally some of the pathogenetic mechani.sms of anaerobic 
infections are discussed. 

Riassunto (Sepsi da anaerobi). - I batteri anaerobi sono i principali 
colonizzatori della pelle e delle mucose, è perciò ragionevole sospettare che 
questi microrganismi svolgano un ruolo nei processi patologici che interes­
sano queste aree. Le migliorate metodologie di laboratorio e la chiarifica­
zione della tassonomia hanno dimostrato la prt~valenza e la virulenza degli 
organismi anaerobi non sporigeni nelle infezioni cliniche. 

In questo lavoro sono brevemente indicati i tipi di infezione associata 
con la flora normale e i tipi di batteri isolati da queste infezioni. 

Sono infine discussi alcuni meccanismi patogenetici delle infezioni 
anaerobiche, 
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