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Effect of Quinolones on Intestinal Ecology
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Abstract Quinolones have a selective effect on the normal human intestinal microflora.
Published data on 13 different quinolone agents [ciprofloxacin, enoxacin, norfloxacin,
ofloxacin, pefloxacin, lomefloxacin, levofloxacin, sparfloxacin, rufloxacin, sita-
floxacin (DU-6859a), gatifloxacin, trovafloxacin and moxifloxacin] show that Gram-
negative aerobic bacteria, especially Enterobacteriaceae, are strongly suppressed or
eliminated during therapy. Gram-positive aerobic cocci are affected strongly by ad-
ministration of sitafloxacin and moxifloxacin and to minor degrees by the other
quinolones. Three new quinolones — gatifloxacin, trovafloxacin and moxifloxacin —
are very active against anaerobic bactémiaitro but have minor effects on the an-
aerobic intestinal human microflora. Similar findings have been reported for the other
10 quinolones. Thus, the quinolone antibacterials have an ecological impact on the
human intestinal microflora, mainly on the enterobacteria, that should be taken into
account when these agents are used for prophylaxis or treatment of gastrointestinal
bacterial infections.

Administration of antimicrobial agents is known to 1. Effect of Individual Quinolones on
often result in disturbances in the ecological balance the Intestinal Microflora
of the normal intestinal microflora. Antimicrobial ad-
ministration may have a number of potential adverse 1 1 Ciprofloxacin
effects in relation to the normal intestinal microflora.
One is development of resistance to antimicrobials Brumfitt et all’l investigated the effect of cipro-
among bacteria in the normal microflora. A second floxacin on the intestinal microflora in 12 volunteers
consequence is the overgrowth of already present mi!aklng ciprofloxacin 500mg twice daily for 7 days.

. h hich Enterobacteria were eliminated and streptococci
cro-organisms such as yeasts, which may cause Sy$sarkedly decreased. No major impact on the anaero-

temic infections inimmunocompromised patients, andpjc microflora was observed. The microflora had re-
Clostridium difficile which may lead to diarrhoea turned to normal 1 week after the administration of

and/or pseudomembranous colitis. A third effect is re-ciprofloxacin had StOpped] (table ). _ _
duction of colonisation resistance, i.e. the resistance Rozenberg-Arska et &l studied 15 patients with

. : . ._racute leukaemia receiving ciprofloxacin 500mg twice
displayed by the host to implantation of new potentlaldaily for a mean of 42 days. The numbers of en-

pathogenic micro-organisms in the normal microflora. e ropacteria decreased significantly as did the num-
Several factors influence the extent to which apers of Gram-positive anaerobic cocci and rods. 9

given antimicrobial agent will affect the normal ciprofloxacin-resistant strains d¥seudomonasnd

microflora. Predominant among these factors is theAcinetobactemwere isolated, and 4 infections were

incomplete absorption of orally administered drugs.caused by aerobic Gram-positive cocci (table I).

Poorly absorbed drugs can reach the intestine in activ% ip;rcr]ffoi(r:gi?]tizgl()mg?/\ﬁgga digi ézf(i)r:d;vgg;aslsvvt:é‘igg

form where they destroy susceptible MICro-0rganisMs,\ysed by Enzenberger et@IEscherichia colstrains

and change the ecological balance. . were eliminated, whereas anaerobic bacteria were not
In this article, published reports on the impact of jnfiyenced by the administration of ciprofloxacin. No

quinolones on the human intestinal microflora are re-C. difficile strains were recovered (table I).

viewed. Bergan et al¥l studied the impact of ciprofloxacin
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Table I. Effect of quinolones on the intestinal microflora

Agent Daily dosage Duration of No. of Impact on Overgrowth of resistant strains Reference
(mg) administration patients enterobacteria  aerobic G+ anaerobic enterobacteria  C. difficile Candida
(days) cocci bacteria
Ciprofloxacin 500 x 2 7 12 i ! NC NC NC NC 1
500 x 2 Mean 42 15 I NC 1 + NC NC 2
400 x 2 7 12 1l NC NC NC NC NC 3
500 x 2 5 12 1 1 1 NC NC NC 4
50 x 4 6 12 I ! NC NC NC + 5
500 x 1 5 6 I NC NC NC NC NC 6
250 x 2 5-10 7 [N NC NC NC NC NC 7
500 x 1 5-10 7 Ll NC NC NC NC NC 7
500 x 2 5 14 I 1 NC NC NC NC 8
750 x 2 + 2 21 I 1 1 NC NC NC 9
400 x 2
250 x 2 3 17 1l NC NC NC NC NC 10
Enoxacin 400 x 2 7 10 1l NC NC NC NC + 11
Norfloxacin 200 x 1 7 10 1l NC NC NC NC NC 12
400 x 2 7 10 I NC NC NC NC NC 12
100 x 2 5 10 1l NC NC NC NC NC 13
200 x 2 5 10 [N NC NC NC NC NC 13
400 x 2 5 10 I ! NC NC NC NC 13
400 x 2 8 10 1l NC NC NC NC NC 14
200 x 2 5 6 [N NC NC NC NC NC 15
400 x 2 5 6 I ! NC NC NC NC 15
200 x 2 7 10 I NC NC NC NC NC 16
Ofloxacin 200 x 2 5 5 1 1 NC NC NC + 17
400 x 1 1 24 1 1 1 NC NC NC 18
400 x 1 7 10 I ! NC NC NC NC 19
Pefloxacin 400 x 2 7 15 I ! NC NC NC NC 5
400 x 2 10 6 1 1 NC NC NC + 20
Lomefloxacin 400 x 1 7 10 i NC NC NC NC NC 21
Levofloxacin 500 x 1 7 10 I ! NC NC NC NC 19
Sparfloxacin 200 x 1 7 8 1 1 NC NC NC NC 22
Rufloxacin 200 x 1 11-35 32 1 NC 1 NC NC NC 23
Sitafloxacin 100 x 3 7 6 I ) 1 NC + + 24
(DU-6859a)
Gatifloxacin 400 x 1 10 18 i ! NC NC NC NC 25
Trovafloxacin 100 x 2 10 12 I ! NC NC NC NC 26
Moxifloxacin 400 x 1 7 12 1l I NC NC NC NC 27

G+ = Gram-positive; | | indicates strong suppression [>4 logio colony-forming units (cfu)/g faeces]; | indicates mild to moderate suppression (2 to 4 logio cfu/g faeces); + indicates
increase in number of micro-organisms during therapy; NC indicates no significant change.
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on the intestinal microflora in 12 volunteers receiving Gram-negative bacteria were suppressed to a minor ex-
ciprofloxacin 500mg twice daily for 5 days. Entero- tent. No postoperative infections were observed (table I).
bacteria and enterococci were suppressed, and the an- Wistrom et all® studied the impact of ciproflox-
aerobic bacteria showed minor changes. The microacin on the intestinal microflora in 17 tourists travel-
flora returned to normal after 14 days and no newling to Mexico. Patients with travellers’ diarrhoea re-

colonisation of ciprofloxacin-resistant bacteria was ceived ciprofloxacin 250mg twice daily for 3 days.
observed (table I). The numbers of enterobacteria decreased significantly

The effect of ciprofloxacin on the intestinal while the numbers of anaerobic cocciand bifidobacte-
microflora was also analysed by Van Saene &al.  ria increased compared with the placebo-treated and
12 individuals taking ciprofloxacin 50mg 4 times asymptomatic participants. The ciprofloxacin-treated
daily for 6 days. The enterobacteria were eliminatedpatients were cured within 26 hours and placebo pa-
and the enterococci were slightly affected. Over- tients within 60 hours (table I).
growth of Candida albicansn low numbers was ob-
served, but no ciprofloxacin-resistant bacteria were 1.2 Enoxacin

isolated. The microflora returned to normal within 1 ) ] ) ) )
week (table I). The impact of enoxacin on the intestinal microflora

In another study, 6 participants took ciprofloxacin Was investigated by Edlund et'&lin a study where
500mg once daily for 7 day®l In the intestinal 10 healthy volunteers were given enoxacin 400mg
microflora the enterobacteria were suppressed and 2rally twice daily for 7 days. During administration of
participants were colonised by ciprofloxacin-resistant€N0Xacin, enterobacteria decreased significantly

coagulase-negative staphylococci and corynebacteridVNile enterococci, streptococci, micrococci and ba-

There were no changes in the anaerobic microfloraCilll were not significantly affectedC. albicanswas

(table I) isolated in low numbers during enoxacin administra-

The changes in the intestinal microflora of 14 pa- 1oN- I}/Illnor ﬁha(ljngesl were ?b?erve(: in the ?rr]la_er?blc
tients with liver cirrhosis induced by ciprofloxacin microfiora. No development ot reésistance In the intes-

treatment were investigated by Esposito eflaThe tinal microflora was observed.during the tri_al .period.
patients were treated with ciprofloxacin 200mg twice Onday 7 the mean concentration of enoxacin in faeces

daily or 500mg once daily. The numbers of entero- was 348 mg/kg. The microflora had returned to normal

bacteria were significantly suppressed during treat-2 weeks after withdrawal of enoxacin (table 1).
ment but returned to normal levels 14 days after the
treatment had stopped. No alterations in the aerobic
Gram-positive bacterial flora or the anaerobic bacte-

rial flora were observed during the investigation pe- 5.2 of 10 healthy individuals was studied by

riod .(tablg 1. B studied the i e Meckenstock et 42 Norfloxacin was given as 200mg
Ljungberg et ak? studied the impact of cipro-  ,nce daily or 400mg twice daily for 7 days with an

floxacin on the intestinal microflora in young adults jneryal between the 2 administration periods.

and elderly individuals. Ciprofloxacin 500mg was  gnpterobacteria were suppressed by both dosages,

given twice daily for 5 days to 7 young and 7 elderly \yhereas enterococci and anaerobic bacteria were not

persons. In both age groups enterococci, streptococckignificantly influenced (table ).

staphylococci and enterobacteria were suppressed, but”Norfloxacin was used for selective decontamina-
theimpact on the anaerobic microflora was minor. Thetjon of the intestinal microflora by De Vries-Hospers
effect of ciprofloxacin was similar in both age groups et al[231 10 volunteers received norfloxacin 100, 200
despite the higher bioavailability of ciprofloxacin in  or 400mg twice daily for 7 days with treatment inter-
the elderly group (table I). _ ~ vals. Elimination of aerobic Gram-negative rods was
The effect of ciprofloxacin on the lower intestinal observed with all 3 dosages, and the number of en-
microflora was studied by Brismar et@in 21 pa-  terococci was partly decreased. The anaerobic micro-
tients undergoing colorectal surgery. Ciprofloxacin flora was not affected (table 1).
was given orally as 2 doses of 750mg separated by a Leigh et al'4 investigated the impact of norflox-
12-hour interval starting 24 hours prior to surgery, acin on the faecal microflora in 10 patients receiving
400mg of ciprofloxacin was administered intrave- 400mg twice daily for 8 days. Aerobic bacteria, mainly
nously at the induction of anaesthesia and 400mg ofnterobacteria, were suppressed but there was no ef-
ciprofloxacin was administered 12 hours later. Strep-fect on the anaerobic bacteria. The microflora returned
tococci, enterococci and enterobacteria were decreasei@ normal within 14 days after administration and no
significantly, whereas anaerobic Gram-positive andnorfloxacin-resistant strains were isolated (table I).

1.3 Norfloxacin

The effect of norfloxacin on the intestinal micro-
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In the study by Pecquet et &% 12 patients re- 1.6 Lomefloxacin
ceived norfloxacin 400 or 800mg daily for 5 days for
selective decontamination of the intestinal tract. Entero-  Edlund et al?!Istudied the impact of lomefloxacin
bacteria were significantly suppressed while strepto-on the intestinal microflora in 10 volunteers receiving
cocci were partly decreased. The administration oflomefloxacin 400mg once daily for 7 days. En-
norfloxacin did not affect the anaerobic microflora terobacteria were eliminated or strongly reduced, but
(table I). aerobic cocci were not changed in number during the

The effect of norfloxacin on the colonic microflora administration of lomefloxacin. Minor alterations in
was investigated by Edlund et & 10 participants the anaerobic microflora were observed at the same
received norfloxacin 200mg twice daily for 7 days. time. The microflora had returned to normal 2 weeks
There was a strong suppression of enterobacteria, buafter withdrawal of lomefloxacin (table ).
aerobic Gram-positive cocci were not significantly af-
fected. No changes in the anaerobic microflora were 1.7 Levofloxacin
noticed (table I).

Edlund et al*®! compared the effects of levo-
floxacin and ofloxacin on the normal oral and intesti-
nal microflora. 10 persons received levofloxacin
500mg and 10 persons received ofloxacin 400mg
orally every 24 hours for 7 days. The mean concentra-
tions of levofloxacin in faeces were 20.9 mg/kg on day
2, 87.4 mg/kg on day 4, 93.7 mg/kg on day 7, 64.9
Ei‘ng/kg on day 9 and 15.2 mg/kg on day 11. The mean
concentrations of ofloxacin were 36.0 mg/kg on day
2, 50.6 mg/kg on day 4, 78.1 mg/kg on day 7, 37.0
mg/kg on day 9 and 9.2 mg/kg on day 11. The impact
of levofloxacin and ofloxacin on the intestinal
microflora was similar. Enterococci and enterobacte-
ria were reduced significantly in both treatment
groups. Among the anaerobic bacteria, the numbers of
clostridia were suppressed in both groups (table I).

; “After 2 weeks the microflora had returned to pretreat-
terobacterlawasstronglysuppressed,andenterococ%em levels. No new colonising levofloxacin- or

lactobacilli, bifidobacteria, eubacterkgillonellaand 5,4 ¢in resistant micro-organisms were isolated
Bacteroidespp. were partly reduced. The aerobic and from the gut microflora

anaerobic microflora had returned to normal 4 weeks '
after the administration of ofloxacin (table I).

1.4 Ofloxacin

Pecquet et dL7 studied the effect of ofloxacin on
the intestinal microflora in 5 individuals receiving
ofloxacin 400mg daily for 5 days. Enterobacteria were
eliminated and enterococci were suppressed durin
the administration of ofloxacin. The anaerobic micro-
flora was not significantly affected and all participants
were colonised by low humbers 6f albicansduring
treatment. The microflora returned to normal after the
investigation period (table I).

The impact of ofloxacin on the intestinal
microflora was studied in 24 patients undergoing gas-
tric surgenf18l A single dose of ofloxacin 400mg was
given 2 to 4 hours before surgery. The number of en

1.8 Sparfloxacin

1.5 Pefloxacin Ritz et all?? investigated the influence of spar-
floxacin on the intestinal microflora. 8 volunteers re-
Van Saene et afl investigated the effect of ceived sparfloxacin 400mg orally on day 1 followed
pefloxacin on the intestinal microflora in 15 volun- by 200mg every 24 hours for 7 days. The mean spar-
teers receiving 400mg twice daily for 7 days. Entero- floxacin concentrations in faeces were 760 mg/kg on
bacteria were eliminated during pefloxacin adminis- day 2, 672 mg/kg on day 4 and 476 mg/kg on day 8.
tration, and enterococci decreased slightly. No effectThe numbers oE. coliwere suppressed significantly,
on the anaerobic microflorawas observed. The aerobi@nd there was a moderate reduction of enterococci. In
microflora had returned to normal 1 week after the the anaerobic microflora, bifidobacteria were slightly
administration was stopped (table 1). decreased (table I). The intestinal microflora had re-
Vollaard et al2% also studied the influence of turned to pretreatment levels after 4 weeks.
pefloxacin on intestinal colonisation resistance in 6
volunteers receiving pefloxacin 400mg twice daily for 1.9 Rufloxacin
10 days. The numbers of enterobacteria were signifi-
cantly reduced and there was a minor decrease of D’Antonio et al[?3studied the impact of rufloxacin
enterococci. There was a significantincrease of yeast®n the intestinal microflora. Rufloxacin 200 mg/day
in 3 volunteers during pefloxacin administration was given as a single dose as prophylaxis in patients
(table I). undergoing cytotoxic treatment for cancer. The impact

0 Adis International Limited. All rights reserved. Drugs 1999; 58 Suppl. 2
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on the microflora could be assessed in 32 patients wh@nd fusobacteria decreased significantly during the
had a median duration of prophylaxis of 16 days administration period but no other major changes oc-
(range 11 to 35 days). There was a significant decreaseurred. The microflora had returned to normal by 40
in the mean number of enterobacteria in all patientsdays after gatifloxacin was discontinued. No selection
and a significant reduction in the numbersBdcte-  or overgrowth of resistant bacterial strains or yeasts
roides spp. in 25% of the patients. No significant occurred (table ).

changes were noticed in enterococci, staphylococci,

anaerobic cocci and clostridia. The meanzaogni-
mum inhibitory concentration (MIC) of rufloxacin for
enterococci increased significantly from 1.8 to 3.3
during the second week of treatment. No infections
caused by Gram-negative rods occurred (table I).

1.12 Trovafloxacin

The effect of trovafloxacin on the intestinal
microflorawas studied in a double-blind placebo-con-
trolled parallel-group stud¥S112 healthy male volun-
teers received trovafloxacin 200mg daily for 10 days
and faecal samples were collected at several occasions

The effect of sitafloxacin (DU-6859a), a broad- before, during and afterthe_administration period. No
spectrum fluoroquinolone with high activity against enterobacteria were found in samples from days 4 to
both aerobic and anaerobic micro-organisms, on the-0; and the prevalence and number of Gram-positive
normal faecal microflora was studied by Inagaki and Pacteria were rapidly reduced. No significant alter-
Yamamotd?4 Sitafloxacin 100mg was given 3 times ations were noticed in the anaerobic microflora (table
daily for 7 days to 6 healthy volunteers. The total vi- |)- There was no increase in MIC values during the
able count decreased transiently during the adminisStudy period for the isolated. coli strains.
tration due to changes in the numberBHcteroides
strains. The other anaerobic micro-organisms and 1.13 Moxifloxacin
most aerobic bacteria were suppressed markedly by
sitafloxacin. Enterobacteria and most anaerobic spe- \joxifloxacin 400mg was given orally once daily
cies excepBacteroidesstrains were reduced below ¢,'7 qays to 12 healthy volunteers in order to study
the detection limitin all participants fromthe thirdday ihe impact on the normal intestinal microfld?8 Fae-
of administration to 1 day after discontinuation of the 5, samples were collected 3 days and 1 day before the
drug. C. difficile was detected in 1 participant at the et of administration (days —3 and —1) and on days
end of administration. An increase of yeasts was no- 4 7 14, 21 and 35. The number of enterococci and
ticed during the administration period. The proportion gergbacteriaceae were significantly reduced during
of resistantBacteroidesstrains (MIC 26.25 mg/L e administration period, a limited reduction in the
sitafloxacin) were increased in 5 of 6 participants. nymper of clostridia was noticed, but the total anaer-
High concentrations of sitafloxacin were detected in gpic count was not significantly affected. No emer-
faeces during administration. Recovery from the ef-gence of resistant strains was found during the admin-
fect of the drug administration was not complete in isiration period. The intestinal microflora had returned
any volunteer at 14 days after termination of treatmenty normal 2 weeks after administration of moxi-

(table 1). floxacin had stopped (table ).

1.10 Sitafloxacin

1.11 Gatifloxacin .
2. Conclusions

The influence of gatifloxacin on the intestinal
microflora in healthy volunteers was studied by  Quinolone antimicrobial agents have a selective ef-
Edlund and Nord?®! Gatifloxacin 400mg was given fect on the normal human intestinal microflora,
orally once daily for 10 days to 18 healthy males. Fae-mainly directed against the aerobic Gram-negative
cal samples were collected prior to administration microflora. The numbers of enterococci are partly sup-
(days —4 and -1), during the administration period pressed by some of the agents, whereas the dominant
(days 5 and 10) and after withdrawal of gatifloxacin anaerobic microflora is more or less unaffected, even
(days 12, 16, 22, 30 and 50). In the aerobic intestinalby the new broad-spectrum quinolones such as
microflora,E. colistrains were eliminated or strongly gatifloxacin, trovafloxacin and moxifloxacin. Over-
suppressed during the administration period and theyrowth of yeasts an@. difficile, as well as develop-
numbers of enterococci decreased significantly; thement of resistant strains during administration, are
numbers of staphylococci increased at the same timerare; these factors make this class of antimicrobial
In the anaerobic microflora, the numbers of clostridia agent favourable from an ecological point of view.

0 Adis International Limited. All rights reserved. Drugs 1999; 58 Suppl. 2
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