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Summary. - Colonization by {(resistant) potentially pathogenic microorganisms
inside the digestive tract appears to be controlled by a complex mechanism
which is partially of host origin. Individual differences in the degree in
which this mechanism - called Colonization Resistance (CR) of the digestive
tract - operates may explain the variability in the occurrence of infections of
otherwise comparable individuals. Treatment with some antibiotics was found to
dramatically decrease the CR by eradicating many anaerobic bacterial species
which play a role in the CR of the gi-tract; other antibiotics appeared to have
no adverse effect on the CR when used in therapeutical dosages. On the contra-
ry, the latter were found to be effective in selectively eliminating sensitive
potentially pathogenic organisms from the digestive tract without decreasing
the CR: selective decontamination of the digestive tract.
Riassunto (Resistenza alla colonizzazione del tratto intestinale: meccanismi e
implicazioni cliniche). - La colonizzazione del tratto intestinale da parte di
batterl potenzialmente patogeni appare sotto il controllo di un meccanismo
complesso parzialmente legato all'ospite. Differenze individuali nel grade con
11 quale questo meccanismo, detto Resistenza alla Colonizzazione (CR), opera,
possono splegare la variabilicid del verificarsi di infezioni in individui per
altri versl comparabili. Il1 trattamento con alcuni antibiotici & risultato
abbassare drammaticamente la CR con l'eliminazione di molte specie anaerobie.
Altri antibiotici non sono risultatl avere effetto negativo sulla CR se usati
in dosaggl terapeutici. Al contrario si sono mostrati efficaci nell'eliminazio-
ne selettiva di batteri potenzialmente patogeni senza diminuire la CR: deconta-
minazione selettiva del tratto intestinale.

Introduction

The Colonization Resistance (CR) has been defined as the resistance which
a potentially pathogenic microorganismg encounters when it tries to colonize a
"landing site" on the mucosa in one of the three tracts that have an open
communication with the outside world. In the respiratory and in the urinary
tract the CR determining forces - mucus, IgA-secretion, cell desquamation and
mechanical cleansing mechanisms (ciliar movement and bladder emptying) - are
entirely of host origin. In the digestive tract, however, the resident micro-
flora plays a major role in maintaining colonization resistance. The indigenous
(resident) flora consists predominantly of anaerobes. CR-determining host
factors comparable to those in both other tracts are present in the digestive
tract and effectively contribute to the CR.

The varlous anaerobes involved in the intestinal CR appear to adhere
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particularly to the mucosal lining of the ileum and the colon, forming "living
wall paper". The indigenous flora - viridans streptococci in the oral cavity
and anaerobic bacteria in the intestines - are susceptible to a number of
antibiotics. Colonization by potentially pathogenic bacteria is perhaps only
possible when they have found open patches in the otherwise confluent "anaero-
bic wall paper" of the colon. In the oropharynx and in the mouth other indige-
nous bacteria such as d-haemolytic streptococci, may interfere with mucosal
adherence of potentially pathogenic microorganisms (1).

Antibiotic treatment may increase the size and number of the open patches
or even may peal the "anaerobic wall paper" off the gut wall. Adherence of
large numbers of potentially pathogenic bacteria (colonization) appears asso-
clated with detectable penetration of the epithelial lining and bacterial
migration into the lymphatic organs (trans-location of bacteria). Anaerches
shedded from the "wall paper" and those multiplying in the intestinal contents
appear to compete successfully with potentially pathogenic bacteria for nu-
trients which is another effective way of controlling the number of potentially
pathogenic microorganisms.

Since antimicrobial drugs have been available for the treatment of infec~-
tions, resistance has emerged (2-13). The increase in the number of antibiotics
and in the diversity of their spectrum of activity in the past decades has not
solved this problem., So far, the use of new antibiotics has invariably led to
the development of resistance after a shorter or longer treatment period.
Bacteria of any different specles have shown to have an almost endless capacity
to develop sublines of strains which are resistant; often to more than one
antibiotic.

Development of resistance

The development of resistance to antimicrobial drugs appears to occur
relatively rarely at the site of the infection. Adequate dosing of drugs which
have the pharmacokinetic properties to reach the focus of the infection in a
sufficlent concentration can in general prevent development of resistance. In
the throat or in the intestinal lumen, however, resistance may develop during
therapy among strains which are marginally susceptible to the average (constan-
tly varying) concentrations of the antibiotic. Many if not all anti-bacterial
drugs are to a greater of lesser extent excreted with the saliva into the
throat and/or with the bile into the intestinal lumen.

Effect of antibiotics on indigenous flora

The dose, the frequency of administration, and the type of the antibiotic
selected for treatment are determined by the bacteria isolated from the infec-
tion. If no culturing results are available, an antibiotic choice is made on
the basis of the bacteria which are expected to be involved in the infection.
In general little attention is paid to what occurs in the alimentary canal
during treatment. The only concern of the physician regarding the patient's
gi-tract is the occurrence of side effects which cause discomfort to the
patient, such as nausea and/or diarrhoea. However, the marginally biologically
effective, often discontinuous, concentration of an antibiotic during therapy
which establishes in the oropharynx and/or in the intestines, favours the
selection of resistant strains,

Mutation and selection
During CR-decreasing antibiotic therapy, resistant potentially pathogenic

strains may increase to concentrations of 109 bacteria per gram of faeces. This
is about a 1000-fold higher than the average concentration of these bacteria
when the CR is unaffected. Since (depending on the species) bacteria may mutate

each 106-108 divisions, the presence of (1000-fold) more bacteria implies &
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proportionally higher change for the development of new mutants. Mutation and
more often selection may not only concern resistance to an antibiotic used. It
may also concern adaptation of resistant bacteria with improved ability to
colonize the oropharynx or the gut, Mutation may occasionally result in the
development or modification of adherence pili of bacteria. The strain involved
may thereafter adhere better to the mucosal lining. However, this event occurs
rarely, which can be explained by the fact that the majority of the mutations
which result are not compatible with survival in the alimentary canal, It is of
importance, however, to realize that the length of a CR~decreasing treatment
plays an important role, The longer a patlent 1is treated with a CR~decreasing
antibiotic which establishes only marginally effective (suppressive) concentra-
‘tions to (potentially) pathogenic bacteria in the intestinal lumen, the higher
the risk that a (better colonizing) mutant may develop.

Development of resistance and of pili for mucosal adherence occurs less
frequently when combinations of antibiotics are used for therapy. However,
multi-resistant strains do occur. Therefore, mutation may even be possible
under circumstances of multi-sntibiotic therapy. consequently, the use of
combinations of antibiotics implies an improvement over mono-treatment in this
reagpect., However, it 1is still not yet the final solution of the problem of
selection of resistance or mutation to improved adherence or other pathogenic
factors,

Transfer of resistance

If the antibiotic is not only marginally suppressive to potentially
pathogenic strains but also suppressive to those anaerobic bacteria which play
a role in the colonization resistance (CR) (14, 15), then transfer of plasmids
coding for antibiotic resistance may occur (16). At the same time, genetic
information for adherence factors (17) or enterotoxin production may be exchan-
ged in vivo (18) although this is questioned by some others (19). This leads to
the conclusion that there 1s transfer of genetic information about resistance
and/or pathogenicity factors appears possible in vivo when the CR is decreased.
A decreased CR allows a strong increase in concentration of resistant strains
(20). This is more generally referred to as "bacterial overgrowth". As outlined
above, decrease of the CR can be due to severe disease (decreased host CR
factors) as well as to CR~decreasing antimicrobial treatment. In the case of
severe underlying illness genetic information concerning resistance could be
transferred from resistant bacteria to sensitive ones, which has, however, not
yet been reported. During therapy with one CR-decreasing antibiotic, plasmids
coding for multi-resistance can be exchanged between related species.

Clinical consequences of mutation and selection during antiblotic treatment

The predominantly anaerobic component of the intestinal microflora contri-~
butes considerably to the CR of the digestive tract of the patient and is
therefore highly beneficial to the patient. Maintenance of the CR is particu-
larly important during antibiotic therapy. In an environment with a complex
nogocomial flora, often consisting of resistant strains, the CR of individuals
in that environment will control the number of colonizing resistant potentially
pathogenic microorganisms and thereby minimize the chance of a "superinfec-
tion". When one applies antibiotics clinically, one should realize that the
dramatic events outlined above may cccur as they have apparently taken place
since 1945 (2-13). In practice this means that for the selection of an antibio-
tic for therapy, one should realise that not only the infectious process is
treated, but also the indigenous microflora of the patient,

Antimicrobial drugs and the colonisation resistance

Screening tests in both man and mice as well as general experience with
patients (6-10, 21-30) have indicated that antimicrobial drugs can be classi-
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fied according to their effect on the CR, Drugs such as ampicillin and several
other penicillins are strongly CR-suppressive, except in individuals carrying
beta~lactamase which produces bacteria in their intestinal flora. In those
patients the antibiotic is inactivated. Other antimicrobial drugs exert no
effect on the CR. A third group has only a negative influence on the CR during
treatment with high daily doses.

Antimicroblal drugs which are not CR-suppressive, are either almost
completely absorbed in the small bowel folilowing oral administration or biliary
excretion {oral cephalosporins), or they have a small spectrum of activity
which does mnot involve the CR-assoclated anaerobic species (polymyxin, polyene
antibiotics, co-trimoxazole, malidixic ‘acid, doxycyclin etc. (31). The interme-
diate group consists largely of aminoglycosides and a number of parenteral
cephalosporins (29, 31, 32).

On the basis of the considerations mentioned above, preference should be
given to CR-indifferent drugs to avoid .the development or transfer of resistan-
ce in vivo and to minimize the acquisition of (multi-) resistant strains during
therapy. Resistance however, may still develop when (absorbable) CR-indifferent
drugs are used and no attention is paid to the amount of the drug that remains
(following oral administration) in the intestinal lumen or the amount excreted
into the digestive tract. If such CR-indifferent antimicrobial drugs -are dosed
with the only intent to treat an infection, the fraction of the dose that
remains in the intestines or is excreted into the intestines may be too low to
suppress the potentially pathogenic flora in the intestinal canal (33). Expe-
rience to date has indicated that resistant strains may then emerge (2-13). To
avold development of resistance or transfer of genetic information in vivo, the
dose of an antibiotic required for the treatment of an infection should either
be so high enough to virtually suppress all susceptible strains of potentially
pathogenic bacteria which colonize the alimentary tract, or else so low .enough
to develop concentrations which are well below the minimal inhibitory concen-
tration of the  colonizing potentially pathogenic bacteria which . colonize the
alimentary tract. .

In case CR-decreasing antibiotics are used for the treatment of an - infec-
tion particularly in immunocompromised patients, a combined treatment systemic
CR-decreasing antibiotics with mnon-absorbable CR~indifferent drugs -“such as
polymyxin should be considered, the latter to suppress the Gram-negative
bacilli which otherwise might develop resistance. The latter kind of- prophylac—
tic treatment is called selective decontamination (see later). :

. "Overgrowth" of the digestive tract by yeasts during CR~decreasing therapy
can in general be limited effectively or even prevented when the patient 1is
concomitantly . treated orally with a polyene antibiotic (amphotericin B or
nystatin) to control yeast proliferatiom. Obviously, -these CR-indifferent oral
drugs must be dosed sufficiently high and frequently per day to constitute a
c¢idal concentration inside the alimentary tract to Candida . and Torulopsis
species. For example, to control overgrowth in adult: patients, amphotericin B
should be given idn a dose of 0.5 g q.1.d. and polymyxin in amounts -of 200 mg
- q.i.d. (34). If patients who are systemically treated with antibiotics which
{at the dose level .applied) decreasze the CR, are colonized by polymyxin resi-
stant Gram-negative bacilli, low oral doses of 300 mg aztreonam per day (35)
will in the majority of the cases adequately control the Gram-negative "over-
growth". Polymyxin resistant Gram-negative bacilli include Proteus and some

Serratia species which are naturally tTesistant and rarely some nosocomial

strains which have become resistant  and may be present in the ward. Oral
treatment with neomycin of tobramycin is not recommended since it 1is easily
overdosed and then may decrease the CR (29).

Gram-positive bacteria such as St.aureus - resistant to the CR-decreasing
drug selected for therapy ~ may soon disappear from the oropharynx following
treatment with cephradine in daily doses of 6.0 g (36).

I EA R L
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Selective decontamination (SD) of the digestive tract

As mentioned above some antimicrobial drugs have been found to have no
suppressive effect on the CR following "high therapeutic” and even higher
doses. In animals, oral treatment with such drugs, in sufficient daily dosages,
suppresses several endogenous potentially pathogenic aerobic or facultative
anaerobic Gram-negative bacilli completely. Soon after the start of such
treatment they can no longer be isolated from the digestive tract (oral swabs
and faeces)., Nalidixic acid as well as other quinolone derivates, co-trimoxazo-
le and polymyxin and aztreonam have for example been found capable to eliminate
the susceptible Gram-negative bacilli (28, 29, 35, 37). Because (anaerobic)
bacteria are naturally resistant to the polyene antibiotics nystatin and
amphotericin B, it is plausible that these drugs can be applied in high oral
doses without an adverse effect on the CR., These observations have also seemed
to apply to humans (35, 38, 39).

Because the CR-assoclated, predominantly Gram-positive anaerobic flora
remains intact during treatment with CR-indifferent antibiotics, resistant
strains if acquired, do not "overgrow" any gi-tract area. They can mostly be
eliminated by additionally supplying one of the above mentioned anti-microbial
drugs to which they were susceptible. This means that potentially pathogenic
Gram-negative bacilli (Enterobacteriaceae and Pseudomonadaceae species} can
more or less be selectively eliminated from the digestive tract both in man and
in animals. Therefore, this treatment aimed at clearing the digestive tract of
Gram-negative {(potentially) pathogenic bacilli, is called selective decontami-
nation (SD). When the drugs involved in SD are properly dosed and the combina~
tion applied is adjusted to the patient's admission flora as well as to the
nosocomial flora in the ward, SD has been proven to be an important method for
infection prophylaxis in severely neutropenic patients (38, 40-44). Insuffi-
clent dosing of CR~indifferent drugs for SD (45) and combination of CR-indiffe-
rent with CR-decreasing drugs for infection propylaxis, have appeared to be
less successful (46).

Selective Decontamination (SD) of the digestive tract in immune compromised
patients

Prophylactic treatment of patients with antimicrobial drugs which do not
decrease the CR but selectively eliminate the endogenous potentially pathogenic
organisms (Gram-negatives, Candida species and ST.aureus) following adeguate
oral dosing has been studied in prospectively randomized trials. Several groups
(Sleijfer and coworkers) (38) have randomized 103 neutropenic patients - who

had, or would soon have, less than 1000 granulocytes/mm3 blood -~into either a
SD-group or into a non-prophylactically treated control group. SD was performed
until sufficilent recovery of the bone marrow was achieved.

The control group patients were, like the SD-group, bacteriologically
monitored three times a week. Throat swabs and faecegs were cultured to isolate
potentially pathogenic microorganisms and to determine their sensitivity to
current antibiotics to establish the condition for optimal antibiotic therapy
in case of infectiom.

In SD patients, bacteriological monitoring was also donme, however, with a
different aim namely of investigating the effectiveness of oral SD-treatment.
SD patients received nalidixic acid, co-trimoxazole and polymyxin E either
alone or in combination to eliminate Gram-negative bacteria from the digestive
tract. Amphotericin B was given orally to these patients to suppress yeasts. SD
treatment revealed a highly significant decrease of the incidence of infec-
tions. Nine patients died in the control group and no patient in the SD-group.
This result could only be acquired by "Tailor made" prophylactic SD treatment:
the continuous bacteriological monitoring during the SD~-treatment period made
adaptation of SD-treatment possible when the patients - who were not isolated
as they were treated In the general ward and received normal hospital food -

were found to have a Gram-negative bacterium that persisted in their throat or
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faecal cultures {(40). Because of the practically normal (only slightly reduced:
see above) CR also in this kind of patient, previous positive samples were in
general followed spontaneously by negative samples without readjustment of
treatment.

In conclusion: particularly in immunocompromised patients, maintaining of

CR 1s of great importance both for: prevention of acquisition and colonization
by potentially pathogenic microorganisms as well as for infection prevention by
antimicrobial treatment (SD).
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ANTIMICROBIAL AGENTS AND THE HUMAN OROPHARYNGEAL AND INTESTINAL MICROFLORA
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sity Hospital and National Bacteriological Laboratory, Karolinska Institute,
Stockholm, Sweden

Summary. - The most common and significant cause of disturbances in the normal
gastrointestinal microflora is the administration of antimicrobial agents. The
microflora can be influenced by antimicrobial agents because of incomplete
absorption of any orally administered antimicrobial agent, secretion of an
antimicrobial agent by the salivary glands and in the bile, or secretion from
the intestinal mucosa. In most cases the influence is not beneficial to the
patient because suppression of the indigenous microorganisms often permits
potential pathogens to overgrow and cause septic conditions, diarrhea, or
colitis. Antimicroblal agents that influence the normal microflora also promote
the emergence of antimicrobial-resistant strains.

During the last years the impact of different antimicrobial agents on the
human intestinal microflora has been investigated by our research group. Thus
the effects on the colonic flora of peroral administration of penicillin,
bacampicillin, cefaclor, erythromycin, clindamycin, doxycycline, metronidazole,
norfloxacin and ciprofloxacin have been studied. The impact on the intestinal
microflora of parenteral administration of ampicillin + sulbactam, azloeillin,
aztreonam, piperacillin, cefbuperazone, cefoxitin, cefoperazone, ceftriaxone,
moxalactam, imipenem and clindamycin has also been investigated. Pronounced
changes were observed in the colonic microflora in patients receiving clindamy~
cin, erythromycin, cefoperazone, ceftriaxone and moxalactam, whereas moderate
changes were seen in those patients receiving doxycycline, cefoxitin, ampicil~
lin + sulbactam, azlocillin, piperacillin and ciprofloxacin. Penieillin,
bacampicillin, cefaclor, metronidazole and imipenem produced only minor chan-
ges. In most patients with an altered microflora, colonization with new micro-
organisms was found,

Riassunto (Antimicrobici e microflora intestinale e orofaringea umana), - La
somministrazione di antimicrobici & 1la pid comune e significativa causa di
variazioni nella microflora intestinale normale, Nella maggior parte dei casi
questa influenza non & benefica nei confronti del paziente in quanto la sop-
pressione dei microrganismi endogeni spesso permette la crescita di patogeni,
causa di sepsi, diarrea o coliti. Gli antimicrobici che agiscono sulla micro-
flora endogena inoltre promuovono 1l'emergenza di ceppi resistenti. Negli anni
passati & stato studiato dal nostro gruppo 1l'effetto sulla flora del colon
della somministrazione orale di penicillina, bacampicillina, cefaclorina,
eritromicina, clindamicina, doxiciclina, metronidazolo, morfloxacina e cipro-
floxacina. Inoltre & stato studiato anche 1l'effetto sulla microflora intestina-
le di somministrazioni parenterali di ampicillina + sulbactam, azlocillina,
aztreonam, piperacillina, cefbuperazone, cefoxitin, cefoperazone, ceftriaxone,
moxalactam, imipenem e clindamicina. Marcate modificazioni mnella microflora
sono state osservate in pazienti che avevano ricevuto clindamicina, eritromi-



cina, cefoperazone, ceftriaxone e moxalactam, mentre modificazioni pii modeste
sono state evidenziate in pazienti trattati con doxiciclina, cefoxitin, ampi-
cillina + sulbactam, azlocillina, piperacillina e ciprofloxacina. Modificazioni
ancora minori sono state indotte da penicillina, bacampicillina, cefaclorina,
metronidazolo e imipenem. Nella maggior parte del pazienti con alterazioni
della microflora, é stata riscontrata una colonizzazione da parte di nuovi
microrganismi.

Normal gastrointestinal microflora in man is a remarkably stable ecosy-
stem. Interpersonal variations exist in the microflora composition and in the
number of different microorganisms, but within a given person the flora remains
relatively constant over time. However, certain factors are capable of disrup-
ting this ecosystem.

Total extraction of the teeth causes major changes in the oropharyngeal
microflora and subsequently in the gastrointestinal microflora. Pathologic
conditions that affect normal peristalsis can cause a shift in the intestinal
microflora. Gastric surgery 1s associated with changes in the bacteria of the
small intestine. Minor ecologic disturbances are alsc associated with hospita-
lization, which may promote colonization of the digestive tract by new microor-
ganisms. The ingestion of a large bacterial inoculum can overwhelm host defen-
ses.

The most common and often the most significant cause of disturbances in
the normal gastrointestinal flora 1s the administration of antimicrobial
agents. The importance of antimicrobial agents in the treatment of infectious
diseases and in the prophylaxis of infections cannot be minimized. However,
some of these agents are not without their detrimental effects on the normal
flora, leaving the host susceptible to Infection, to superinfection by commen-—
sal microorganisms, and to a range of other untoward effects.

In this review article our experience with the impact of different antimi-
croblal agents on the gastrointestinal microflora is reported.

Prevention of colonization by noncommensal microorganisms

The combination of effects exerted by the physiologic aspects of the host,
microbial interaction, and environmental pressures provides a complex ecosystem
that 1s highly resistant to change and allows the microflora to resume its
original composition shortly after various environmental insults. The normal
microflora prevents colonization by noncommensal microorganisms by the follow-
ing mechanisms: {1). Competition for nutrients. This is the principal force by
which colonization is prevented. Because the available nutrients are used by
endogenous microorganisms in the gastrointestinal tract, exogenous speciles
cannot establish themselves. (2). Competition for attachment sites. The mucosal
surfaces of the gastrointestinal tract are sites of attachment for infection
producing microorganisms. By occupation of attachment sites, the commensal
microorganisms are able to prevent colenization by pathogenic microorganisms.
The major factor capable of creating changes is the administration of antimi-
crobial agents having the potential to suppress the indigenous microorganisms,
and the disturbed microflora allows potential pathogens to adhere and in some
cases cause septicemia and severe infections of the gastrointestinal tract.
(3). Production of volatile fatty acids. The anaerobic flora produces volatile
fatty acids such as acetic and propionic acids that are toxic for enterobacte-
ria and inhibit their growth, which inhibit the growth of invading enterobacte-
ria. These products are especially effective in an anaercobic environment with
low pH such as exists in the large intestine. The amounts of free volatile
fatty acids are inversely correlated with the amounts of anaerobic bacteria
found in the gastrointestinal tract. The fatty acids are changed during therapy
with antimicrobial agents that effect the anaerobic flora. Volatile short-chain
fatty acids also serve to prevent overpopulation, which could harm not only the




hosu but alsot the microflora. (4) Bacterioeins. These: aubstances are. high-mo-
lecular-weight antimicrobial compounds:: produced. by’ commensal 'microorganisms.

These- substances: produced by -Escherichia colf: and: P.aeruginosa ‘1imit: the

overgrowth of commensal: microorganismm in the: lower inteatinal tract; whereas
in the. oropharynx Stre_p_tococcus salivarius: acts gs an” important . producer of
bacteriocinsi active: against group A. streptococct. Alpha-hemolytic streptococct

may also: :thibit Gralm-negative aerobie rods: in: the orcpharynx. The administra=

tion of antiblotics can’ suppress. the- number’ of: inhibitory atreptocdeet and thua
increase the risk for colonization: and: overgrowth of exogenous: bacteria. . .. .-
i By competing for nutrients and. attachment: sites and: by producing substan-

ces: such as. volatile fatty acids. a.nd bacteriocins: that limit microbial grom:h[ .
thof normalf: m:tcroflora diacouragem colon:l.zation by: exogenous mi¢roorganisms. .
HoweVem» this: ecologic ba}.auwexe can. be disturbedz by the adm:l.n:lstration of

antimicrobiak agents, : U $ P L

S The:: m:tcroorganisms of the gastrointestinal tract are: sensitive to many
ant:l.microb:l.al ‘agents. When- their number is reduced: during: therapy; the resi-
stance to: colonization" is.'decreased- considerahly" with  the: following resulta.
(Lyor M:I.croorganisms; resistant: ‘to:'an. administered . antimicrobial agent are
permitted  to: grow: ins large concentrationa A the: gastrointestinal. tract.: (2):
Overgrowth oiaother bacteria: or:. yeaot, OF both,. takes places. (3. Resistant
pathogenicg baoteria established in thes gastrointestinal tract: may colonize
othér: ateas: of the: hostt (4) Bacter:l;al overgrowth encourages: the transfer of

reeiotance.ﬁ“ factora - among. - bacterta. : (5).: .The decrease: : 1n' resistance : td'

colonization, lowera the contaminationf threshold dose. oy

Pharmacokinetle _properttem of antimiorobial tgenta and thc reaistance»* ta
colonization of the 3,
The potential of an. antimicrobial agent to change the ’ colonization is
related to itq ‘dose and. pharmacokinetio prOpertiee. Oral ‘agents that are poorly
absorbed froms: the: gastrointestinal tract -or- absorbed : but  also ™ excreted in
active . form. in' the bile: or saliva have: a significant effect' on' microbial
colonization,. Parenterally administered antimicrobial agents: excreted ' in: high
concentrations in . the inteatinsl tract: also  cause - -significant: changes: in: the
human- microfloral Table=l summarizes: in. vitro activities of different antimi-
crobial: agents; pharmaookinetio properties, emergence of resistant microorga-
nisnms, - and risk: of : overgrowth or superinfections. As can be geen; some antimf-
crobial &gents :lnduce changes . in oropharyngeal and large 1ntestine flora,
whereas aome'°others do not effect colonization. SRR o RS

Imj_taco of antimicrobial agenta OlIF: - the orogharzgge&l and ugzer intestinal

ggcrgfloyg
Antimiorobial agents administered perorally of parenterally, depending on

: their pharmacologic properties: as mentioned previously,. may be -secreted in
saliva or from' the mucous membranes in the oropharynx.: The main determinant for
such secretion is the lipophilocity of the agent. Antimicrobial agents with low
lipophilocity. tend- to give low concentrations in saliva and pharyngeal secre-
tions, whereas antimicrobial agents with a high lipophilocity usually are found
in microbiologically active concentrations  in the oropharynx. Oropharyngeal
microorganisms: susceptible to the antim:lcrobial agent used can be affected, and
disturbances .of the oropharyngeal and upper intestinal: flora can take place.
Rapid selection or emergence of antimicrobial-resistant microorganisms :Lndige-
nous to the oropharynx and upper intestinal tract may protect from suppression
and subsequent colonization and overgrowth of the normal microflora.
Benzylpenicillin, phenoxymethylpenicillin, and ampicillin are found in
very .low: concentrations in saliva and therefore only slightly change the
oropharyngeal microflora, However, selection of penicillin resistant viridans
streptococci subsequent: to prophylaxis with  penicillin is: well known. The
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occurrence of penicillin resistant beta-lactamase-producing anaerobic strains
subsequent therapy is now reported in increasing frequency. Selection of such
strains during penicillin therapy of oropharyngeal infection may aggravate the
infection and eventually cause clinical failure of antimicrobial therapy.

Clindamycin and erythromycin are present in saliva and exert pressure on
the normal oropharyngeal and upper intestinal microflora. Susceptible microor-
ganisms are eradicated, and subsequent colonization and overgrowth with resi-
stant aerobic and anaerobic¢ microorganisms frequently are noticed. -These
colonizing microorganisms are isolated in blood cultures from severely debili-
tated patients, such as those treated for acute 1eukemia and severe aplastic
anemia,

Tetracyclines are present in the saliva and the gingival crevices., Emer-
gence of resistant aerobic and anaerobic strains causes rapidly overgrowth -and
therefore maintains the resistance to colonization. The risk of infection with
tetracycline resistant strains subsequent to surgery of the oropharynx and
esophagus is obvious.

Nitroimidazoles are distributed in virtually all body fluids in concentra-
tions equal to the serum concentration. Salivary concentrations follow concen-
trations of serum, . and therefore high levels of nitroimidazoles are achieved in
the oropharynx during therapy. The in vivo susceptibility of anaerobic microor-
ganisms to nitroimidazoles is considerably less than the in vitro susceptibili-
ty and relatively large doses of nitroimidazoles have to be administered before
suppression of the anaerobic oropharyngeal microflora takes place. The risk of
colonization and overgrowth seems therefore to be moderate. Resistance among
anaerobic strains isclated from the oropharynx has still not been reported and
the agents can safely be administered both therapeutically and prophylactically
without risk of infection by resistant anaerobic strains. :

Imgact of antimicrobial agents on the 1erge intestinal microflora

‘Many antimicrobial agents cause .changes in the intestinal microflora, the
severity of which depends largely upon the agent's spectrum and concentration
in the luminal contents. Oral antimicrobial. agents that are well .absorbed in
the upper part of the small intestine have minor impact on the microflora in
the large intestine. Agents that are poorly or incompletely absorbed -can cause
significant changes. Parenteral antimicrobial agents secreted in the bile or
from the intestinal mucosa can also cause significant disturbances in ‘the large
intestinal microflora.

Suppression of the intestinal flora ‘by entimicrobial agents therefore
creates a microbioclogic vacuum filled by exogenous pathogenic microorganisms or
by overgrowth of commensal microorganisms, On the other hand, in certain
situations, such as antimicrobial prophylaxis before elective colon surgery,
and in the treatment of blind loop syndrome, elimination of microorganisms from
the intestinal tract is indicated.

“Many -surgical . infections that appear during antimicrobial therapy are
caused by Gram—negative aerobic -and anserobic rTods that normally inhabit the
intestinal tract. Infectious complications due to Gram-negative bacteria are
the major cause of morbidity and mortality in surgical patients. The responsi-
ble microorganisms ‘in surgical infections have changed from invading exogenous
pathogens ‘to potentially pathogenic indigenous microorganisms. In recent. years,
the pormal gastrointestinal flora has been demonstrated to be of much greater
importance ‘in the induction, maintenance, and spread of multiresistant microor-
ganisms in surgical intraabdominal infections than had previously been reali-
zed, Figures 4 to 7 show the fmpact of different antimicrobial agents given
perorally ‘and parenterally on the colonic microflora.

'Phenoxymethylpenicillin causes no change in the intestinal flora because
penicillin is readily absorbed from the intéstinal tract and no concentration
of penicillin 4s detected in the large intestine., As might be predicted, no new
bacterial colonization or increase in resistance is observed. However, phenoxy-




methylpenicillin haa been .incriminated in: antibiotic associated diarrhea and
colitis caused by Clostridium difficile.:zy_;

Ampicillim; ig one of . the most: widely: used, semisynthetie penicillins
becausa~oiﬂits broad antibacterialsspectrum. Disavantagesrof the: agent are its
incomplete. absorption and..rather high. incidence of diarrhearduringﬁtreatment.'
Certain. esterg of ampicillin.suqh as. bacampicillin, pivampicillin, . and: talampi-
cillin. are.well: absorbed- -when given orally and undergo. hydrolysis: in; the body
to: yiald serum peaks  of ampieillin higher than. those obtained. by - ampicillin;
itgelf; and. produce no concentrations in the large intestine.. Therefore,. compa-
red with ampicillin, these- esters: are eécologically more favorable. . . .- - '

Azloecillin and piperacillin,belong to. the: fourth generation: of penicillins
'ané.havg anyqntibaete:ial spectrum-: covering many: intestinal bacteria.. Azlocil~
lin.: andﬂpiperacillin are excreted ' in high concentrations in the bile,: and
therefure in-mogt. patients. the. impact on; the - large intestinal microflora is
pronouneed, Oveggrowth af” azlocillin— and piperacillin—resiatant enterobacteria
and,quteroidea fragilis has ‘been- reported. R

- Third. generation cephalosporins have. .good. activity against Gram-negative
aerobi%.and anaerobic. rods. and: haye been.used. in, the treatment and prophylaxis
- ofn intraabdominalvinfection&w The: potent antibacterial activity .of  some: of
~ these. cephalosporins. ini combination with high bililary excretion hae resulted in
considerabla changes in, the.normal. intestinal microflora. The alteration: of the
mic;oflora ‘hag: led. to undesirable consequences. such: as superinfection, colitis,
and  diarrheay Hypoprothrombinemia. and: hemorrhage. due- to. impaired vitamin. K
production have been observed in patients treated with cefoperazone and: moxa~.
lactam. S Ligm

: Cefoxitin and cefbuperazone are active against a wide variety of aerobic
Gramrpositive and Gram-negative bacteria and most angercobic bacteria ineluding
B, fragilig ¢ Tha: cplon%mmcrofloraais ‘affected: by: cefoxitin or- ‘cefbuperazone
adminia;ration!h,beeaqaa' the. agents. are. present in.. the; large- intestine ' in
concentratione above' the minimmm»inhibitory concentrations: of: many. aerobic and
anaercbic - bacteria. Therefore, colonization with resistant. enterocoeci, clo-
stridia; Pseudomonas, and Enterobacter strains can take place in the. intestine.

Cefexitin - and cefbuperazonql when -uged . as prophylaxis in colorectal
surgery, should be administered ‘over the ahortest period of time, that is, 12
hours- to. obtain: the maximal effecq on’ the microflora without risk of adverse_
microbiaL side effects.

and’ anaerobia “intestinal’ microflora. Imipenem has. béen useful as & single agent
in thevtreatmgnt of intraabdominal infections. Fecal elimination ig less: than }-
percent and only minot changés have been observed in the intestinal microflora
of patients‘receiving the drug. -

_The. concept of; combining a: beta-lactamase inhibitor with a- beta-lactmn
antihiotic,considerably expands the spectrum of safe and well-tried: beta-lactam
antibiotics, Sulbactam is a beta~lactamase inhibitor -that has ‘been - combined
with.ampicillin, and.the combination is active against both aerobic and anaero<
bie: microorganisme in: the large. intestine. When the combination is given to
patients, significant changes in the aerobic and anaerobic' colon flora are
observed. The concentrations of ampicillin and sublactam in feces correlated
with the changes in the flora. Overgrowth of yeasts and Pseudomonas resistant
to the combination was noticed in some patients. _

Erythromycin 1s often used together with neomycin or kanamycin as prophy-
laxis in colorectal surgery and 1is reported to be effective. However, when
erythromycin is given as treatment for a longer period, undesirable microbial
effects due to high fecal concentrations occur. Aerobic and anaerobic colon
flora 1s changed and new colonization by erythromycin resistant microorganisms
occurs.

Clindamycin exhibits high concentrations 1in the large intestine when
administered either perorally or parenterally, which leads to pronounced
changes in the aerobic and anaerobic intestinal microflora. Significant decrea-




ses in the number of anaeroblc cocci and rods occur and clindamycin resistant
enterococcl and enterobacteria proliferate. The risk of developing C.difficile
diarrheal disease associated with the use of clindamycin is well established.

Tetracyclines have extensively been used in the treatment of many diffe-
rent infections. Diarrhea and superinfection are side effects that limit the
use of tetracyclines. One of the tetracyclines, doxycycline, produces minor
changes in the number of anaerobic bacteria in the colon microflora, and new
colonization of enterobacterlia and yeasts is not a common finding because of
the rapid emergence of doxycycline resistant anaerobic strains., This finding
may explain the good results obtained with doxycycline as prophylaxis in
elective colorectal surgery. The modest changes of microorganisms in the
intestinal microflora may also explain the few cases of pseudomembraneous
colitis,

Nitroimidazoles are selectively active against anaerobic microorganisms.
They have been used in both the treatment and prophylaxis of anaerobic infec-
tions. When tinidazole was administered perorally in small doses, no signifi-
cant changes in the aerobic and anaerobic colon flora could be noticed. No
microbioclogically active concentration of tinidazole could be recovered in
feces specimens. When tinidazole was given intravenously in large doses, marked
changes were observed In the colon microflora. Enterococci and streptococel
increased, whereas anaerobic cocci, Gram-positive rods, fusobacteria, and
bacteroides significantly decreased. Concentration of tinidazole higher than
the minimum inhibitory concentrations of anaerobic bacteria were noticed in the
intestinal tract.

Table 1. — Impact of different antimicrobial agents on the human oropharyngeal
and intestinal microflora. In vitro activities, pharmacologic properties,
emergence of resistant indigenous microorganisms and risk for overgrowth
or superinfection. '

Activity in vitro

Antimicrobial Oropharyngeal flora Lower intestinal flora
Agent (PO) Aercbes  Anaerobes Aerobes Anaercbes

Penicillin
Bacampicillin
Clindamycin
Erythromycin
Metronidazole
Doxycycline
Norfloxacin
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Antimicrobial . =~
Agent: (IV)s © 1

'?f Aerobes’

Oropharyngeal flora =~ =
Anaerobes:. - -

Lower intestinal flora
Aerobes

'% Anaerobea

Piperacillin =

Cefoxitin
CefOperazone~
Imipenen
Aztreonam-
Clindamycin
_Mhtronidazole

RS EE:

y Hm _

o
S

++
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“Salivary . .
' . Concentration-

~ Intestinalii:. .
- Concentration: ..

Penicillin
Bacampicillin:,

Norfloxacin B
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L w.v

' Moderétéjf'
- Moderate -

L High

7 High-
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-High::

Low':
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High:
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Pharmacologic properties. .

Antimicrobial w~?,{:;3(u'

Agent (IV)

Salivéryf' i
"*.WConqgntrgtion_”'

'Intestinalgg:; 
'Concgntratibnf

_ Piparacillin
Cefoxitin
Cefopqxazogg
Imipenem -
Aztreonam~
Clindamyciu
,Metronidazole

Low
Low

Low
L’ow._.f .
‘Low: :
Moderate
High-

‘High

Moderate . :
High- .. .= -7
Low i
Moderate -
Moderate
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Emergence of resistance

Lower intéstinal flora

Antimicrobial Oropharyngeal flora
Agent (IV) Aerobes  Anaerobes Aerobes Anaerobes
Piperacillin - - + +
Cefoxitin - - + +
Cefoperazone - - + +
Imipenem - - - -
Aztreonam - - (+) -
Clindamycin - - -
Metronidazole - - - -
Emergence of resistance
Antimicrobial Oropharyngeal flora Lower intestinal flora
Agent (IV) Aerobes  Anaerobes Aerobes Anaerobes
Penicillin + + - -
Bacampicillin + + - -
Clindamycin - - - +
Erythromycin + + ++ ++
Metronidazole - - - -
Doxycycline ++ ++ ++ +++
Norfloxacin - - (+) -
Overgrowth or superinfection
Antimicrobial Oropharyngeal flora Lower intestinal flora
Agent (PO) ’
Penicillin Low Low
Bacampicillin Low Low
Clindamycin High High
Erythromycin High High
Metronidazole Low Low
Doxycycline Moderate Moderate
Norfloxacin Low Low




Overgrowth or superinfection

891

Antimicrobial Oropharyngeal floza Lower intestinal flora
Agent (IV)
Piperacillin Low High
Cefoxitin Low Moderate
Cefoperazone Low High
Imipenem Low Low
Aztreonam Moderate Moderate
Clindamycin High High
Metronidazole Moderate Moderate
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