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I NTRODUCTION
The administration of antimicrobial
agents may have a number of potentially
adverse effects in relation to the human
intestinal microflora (Nord et al., 1986).
One is the overgrowth of already pre
sent microorganisms such as yeasts
which may produce systemic infections
in immunocompromised patients and of
Clostridium difficile which may lead to
diarrhoea and/or colitis. A second con
sequence is the development of antimi
crobial resistance and the induction of
beta-lactamases among bacteria in the
normal microflora. A third effect is the
reduction of colonization resistance, i.e.
the resistance displayed by the host to

implantation of new microorganisms in
the normal microflora. Several factors
influence the extent to which a given
antimicrobial agent will decimate the
normal microflora. Predominant among
these is the incomplete absorption of
orally administered drugs. Poorly ab
sorbed agents can reach the intestine in
active form where they destroy suscep
tible microorganisms and change the
ecologic balance. Parenterally adminis
tered agents that are secreted in the bile
or from the intestinal mucosa also tend
to destroy the normal microbial popula
tion.
This investigation examined the

Figure 1: Impact of aztreonam on the aerobic
intestinal microflora in 10 patients. The num
bers of microorganisms are given in log num
bers per gram faeces.
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ecological impact of four narrow spectrum antimicrobial agents compared to

two broad spectrum antimicrobial agents
on the human intestinal microflora.

Figure 2: Impact of aztreonam on the anaero
bic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

M ATERIAL AND M ETHODS
Patients
Seventy-nine patients, 42 men and
37 women between 21 and 75 years of
age (medium age 51 years) with respira
tory tract infections, intra-abdominal in
fections, or urinary tract infections,
were included in the study. All patients
gave their informed consent to partici
pate in the study which had been ap
proved by the ethical review commit
tees.

Drug administration
Aztreonam
Aztreonam was given intravenously
to ten patients in a dose of 1 g b.i.d for
6-12 days.
Cefoperazone
In this group, all patients (n=29) ex
cept one received 2 g cefoperazone b.i.d
intravenously. One patient with elevated
serum creatinine received 1 g b.i.d. The
patients were treated for 7 to 14 days.
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Clindamycin
Clindamycin was administered per
orally to ten patients as 150 mg capsules
q.i.d for 7 to 14 days.
Imipenem
Ten patients received 0.5 g imipenem
combined with 0.5 g cilastatin q.i.d by
intravenous infusion. The treatment pe
riod was between 6 and 11 days.
Metronidazole
Metronidazole was given to ten pa
tients by mouth as tablets in a dose of
0.4 g t.i.d for 5-7 days.
Norfloxacin
Ten patients received 200 mg nor
floxacin as tablets b.i.d. for 7-9 days.
Sampling procedures
Faecal specimens from all patients
were taken before therapy, during ther
apy and one week to one month after
end of therapy. The specimens were
collected in sterile plastic containers,
immediately frozen and stored at -70°C
until they were assayed.
Assay of antimicrobial concentrations in faeces
The concentrations of antimicrobial

agents in faeces were determined by the
microbiological agar diffusion method;
the specimens were processed as previ
ously described by Kager et al. (1981).
Microbiological procedures
One gram of the faecal specimen was
homogenized in 9 ml prereduced pep
tone-yeast extract medium. Ten-fold se
rial dilutions were made to 10-8. Dupli
cate samples of 0.1 ml of the different
dilutions were inoculated onto different
non-selective and selective media
(Heimdahl and Nord, 1979). All mani
pulations of the anaerobic media were
carried out in an anaerobic chamber.
After incubation, total counts were made
on the aerobic and anaerobic blood agar
plates and different colonies were iso
lated and identified as were the colonies
found on the selective media.
The microorganisms were identified
as described by Heimdahl and Nord
(1979). Enterobacteria were identified
biochemically with the API 20E test kit
(Analytab Products, N.Y., USA), and
oxidative-fermentative, Gram-negative
rods with the Oxi-Ferm test kit
(Hoffmann-La Roche, N.J., USA).

Figure 3: Impact of norfloxacin on the aero
bic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.
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Staphylococci were differentiated by
oxidation-fermentation, coagulase and
nuclease tests. Streptococci were identified by biochemical and serological
tests, and anaerobic bacteria by bio-

chemical tests and gas-liquid chro
matography. Yeasts were typed by dif
ferent cultural and biochemical charac
teristics.

Figure 4: Impact of norfloxacin on the anaer
obic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

R ESULTS
Impact of narrow spectrum antiaerobic agents on the intestinal
microflora
Aztreonam
The impact of aztreonam on the aerobic intestinal microflora is shown in
Figure 1. The numbers of enterobacteria
were significantly decreased during the

treatment while the numbers of Gram
positive cocci - enterococci and staphy
lococci - increased. At the same period,
there were only minor changes in the
anaerobic intestinal microflora (Figure
2). The microflora returned to pretreatment levels after the end of therapy.
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Figure 5: Impact of clindamycin on the aero
bic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

Figure 6: Impact of clindamycin on the
anaerobic intestinal microflora in 10 patients.
The numbers of microorganisms are given in
log numbers per gram faeces.
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Figure 7: Impact of metronidazole on the aer
obic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

Figure 8: Impact of metronidazole on the
anaerobic intestinal microflora in 10 patients.
The numbers of microorganisms are given in
log numbers per gram faeces.
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Norfloxacin
The aerobic intestinal microflora was
considerably affected by norfloxacin
treatment (Figure 3). The numbers of
enterobacteria were eliminated or
strongly suppressed. Minor changes in
the numbers of enterococci were no
ticed. The numbers of enterobacteria
returned to normal within one month.
Figure 4 shows the effect of norfloxacin
on the anaerobic intestinal microflora.
Bacteroides, bifidobacteria, lactobacilli,
eubacteria, clostridia and Gram-positive
cocci were not affected while the num
bers of Gram-negative cocci decreased.
Impact of narrow spectrum antianaerobic agents on the intestinal
microflora
Clindamycin
In the aerobic microflora, the num
bers of enterococci slightly increased
during the clindamycin treatment period
but after one month the numbers were in
the same range as before clindamycin
treatment (Figure 5). No significant
changes in the numbers of enterobacte
ria were observed during or after the
administration of clindamycin. Figure 6
presents the effect of clindamycin on the
anaerobic microflora.
Pronounced
changes occurred during clindamycin
treatment. The numbers of anaerobic
cocci, Gram-positive and Gram-nega
tive rods decreased markedly and in five
patients no anaerobic cocci and bac
teroides could be isolated. The numbers
of clostridia increased during the treat
ment period. After one month, the
anaerobic microflora was normalized in
all patients.
Metronidazole
The impact of metronidazole treat
ment on the aerobic intestinal microflora
is shown in Figure 7. The aerobic mi
croorganisms - enterococci and enter
obacteria - were only slightly affected
during and after treatment. Only minor
changes in the anaerobic microflora oc
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curred at the same period (Figure 8).
The microflora normalized in all patients
after treatment was terminated.
Impact of broad spectrum antiaerobic/anti-anaerobic agents o n
the intestinal microflora
Cefoperazone
Figure 9 shows the effect of cefoper
azone on the aerobic intestinal mi
croflora. There was a general decrease
in the numbers of aerobic microorgan
isms during the cefoperazone treatment
period. In all patients except one, the
numbers of enterobacteria were sup
pressed to undetectable levels during
treatment. The enterococci increased in
most patients during and after cefopera
zone therapy. In many patients,
staphylococci and streptococci de
creased to undetectable levels during
and after treatment. The numbers of
Gram-positive rods were also markedly
depressed. The numbers of anaerobic
microorganisms were significantly
changed (Figure 10). The anaerobic
cocci, bacteroides, fusobacteria, bifi
dobacteria, eubacteria and lactobacilli
decreased in many patients to unde
tectable levels. The numbers of
clostridia were not so strongly influ
enced by cefoperazone therapy as the
other anaerobic bacterial groups. In
most patients, the intestinal microflora
returned to pretreatment levels after one
month.
Imipenem
The impact of imipenem therapy on the
aerobic intestinal microflora is presented
in Figure 11. The numbers of entero
bacteria decreased slightly during the
treatment period and also the numbers
of enterococci were affected to a minor
extent. The aerobic flora normalized in
all patients after the termination of
therapy. The anaerobic intestinal mi
croflora was also slightly affected
(Figure 12). There was a minor de
crease in the numbers of anaerobic cocci

Figure 9: Impact of cefoperazone on the
aerobic intestinal microflora in 29 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

and bacteroides during the treatment pe
riod, while the numbers of Gram-posi
tive rods were not influenced by the
imipenem therapy. After treatment the
anaerobic microflora returned to normal
in all patients.
Concentration of antimicrobial
agents in faeces
Table 1 shows the faecal concentra
tions of aztreonam, norfloxacin, clin-

damycin, metronidazole, cefoperazone
and imipenem before, during and after
treatment with respective agent. As can
be seen from the table, very high con
centrations of cefoperazone were ob
tained while high norfloxacin concen
trations were noticed. Moderate concen
trations of aztreonam and clindamycin
were demonstrated in faeces. Imipenem
and metronidazole could not be detected
by the microbiological test.
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Figure 10: Impact of cefoperazone on the
anaerobic intestinal microflora in 29 patients.
The numbers of microorganisms are given in
log numbers per gram faeces.

D ISCUSSION
It has become evident with the intro
duction of broad spectrum antimicrobial
agents that their suppressive activities
are directed not only against invading
pathogenic microorganisms but also
against the host's normal microflora
(Nord et al., 1986). The changes in the
intestinal microflora may result in over
growth of bacteria and yeasts, prolifera
tion of antimicrobial resistant organisms
and increased susceptibility to coloniza
tion by new microorganisms (van der
Waaij, 1982). The knowledge of an
timicrobial impacts on the intestinal mi
croflora is especially important in neu
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tropenic and intensive care unit patients
in whom the concept of colonization re
sistance has become a major issue
(Young, 1989).
In the patients treated with aztre
onam, the numbers of enterococci and
staphylococci increased. These findings
can have clinical implications since ente
rococcal superinfections during aztre
onam treatment have been reported
(Chandrasekar et al., 1984). The other
narrow spectrum antiaerobic agent 
norfloxacin - did not cause any signifi
cant changes in the aerobic Gram-posi
tive microflora despite high faecal con

Figure 11: Impact of imipenem on the aero
bic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.

Figure 12: Impact of imipenem on the anaer
obic intestinal microflora in 10 patients. The
numbers of microorganisms are given in log
numbers per gram faeces.
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Table 1: Concentrations of aztreonam, norfloxacin, clindamycin, metronidazole,
cefoperazone and imipenem, respectively, in faeces in 79 patients
(The regimens and dosages are given in Material and Methods)

—————————————————————————————————
antimicrobial agent

before treatment

during treatment

after treatment

mean value range
(mg/kg faeces)

mean value range
(mg/kg faeces)

mean value range
(mg/kg faeces)

—————————————————————————————————
Aztreonam
Norfloxacin
Clindamycin
Metronidazole
Cefoperazone
Imipenem

ND1
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

73
915
110
ND
4300
ND

21-88
305-1900
64-140
ND
2100-7800
ND

ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND

—————————————————————————————————
1

ND = not detected

centrations. It has recently been shown
that norfloxacin binds to faeces which
may explain together with an inoculum
effect, the paradox of high faecal con
centrations of norfloxacin versus the ef
fect on the intestinal microflora (Edlund
et al., 1988). Thus different antimicro
bial agents with narrow antiaerobic
spectra can have different ecological im
pacts on the intestinal microflora.
Clindamycin caused considerable
changes in the intestinal microflora due
to the high concentration of the agent in
the lower intestinal tract. The clinical
implication of this finding is well
known: Clostridium difficile diar
rhoea/colitis. Only minor changes in the
intestinal microflora occurred in those
patients treated with metronidazole. No
measurable concentrations of metron
idazole could be demonstrated which
explains the actual impact on the intesti
nal microflora. Thus two agents with
similar narrow anti-anaerobic spectra
can induce different ecological changes
in the intestinal microflora.
Cefoperazone and imipenem have
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broad antimicrobial spectra including
both aerobic and anaerobic intestinal mi
croorganisms. However, only cefopera
zone treatment was associated with ma
jor changes in the intestinal microflora.
Cefoperazone is to a large extent ex
creted unchanged through the bile to the
intestine while less than 1% of
imipenem is found in the faeces. Thus
two broad spectrum antimicrobial agents
can have different ecological impacts on
the intestinal microflora.
It has often been stated that narrow
antimicrobial agents should always be
used in preference to broad spectrum
antimicrobial agents in order to avoid
these ecological problems. This state
ment is an oversimplification and other
factors such as mode of excretion, ac
tivity, inactivation and development of
resistance must also be considered.
These ecological impacts are often diffi
cult to predict when antimicrobial agents
are developed, and the clinical studies of
new agents should always include an
investigation of their effects on the in
testinal microflora.
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