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Effect of Antibiotic Pretreatment on Resistance

Franco Paradisi, Giampaolo Corti, Serena Sbaragli, and Marta Benedetti

The emergence of b ial resi to antibi

limits the efficacy of technical devel: nts in the
field of infectious diseases. This is partwulariy true for
respi y tract infecti which are by far the main
reason for antibiotic use in developed countries. An-
timicrobia!l resistance among resp-ratory psthogens

tibiotic pretreatment can reduce the range of effective
drugs for optimal therapy of infections in general and
of respiratory tract infections in particular. An appro-
priate use of antimicrobials is of | importance to
limit the emergence and spread of bacterial resistance
to antibiotics. This can be achieved by avoiding usage

involves both gram-positive {p ly Strep

pneumoniae) and gram-negative (Haemophilus in-
flu Mo tarrhalis, and the more rare en-
terobacteri ) mi i A ber of epi-
demiologic studlos shw a relationship between
antibiotic use and antibiotic resistance, and how an-

HE DISCOVERY OF potent antimicrobials has
been a major medical progress during the second
half of the 20th century. Unfortunately, the emergence
of antimicrobial-resistant pathogens is limiting these ad-
vances. In particular, during the past 10 years, we wit-
nessed a major shift in the etiology of both community-
and hospital-acquired infections, from easy to treat
pathogens toward more resistant pathogens, with fewer
therapeutic options. The modified spectrum of pathogens
and emerging bacterial resistance are changing the way
in which infectious diseases are managed.’
Microbial resistance is the result of a number of causes
and trends such as:

* Abuse and misuse of antimicrobials;

+ Increased number of more susceptible hosts such as im-
mune depressed patients, critically ill postsurgical and
intensive care unit patients;

= Increased use of invasive procedures and devices;

+ Occasional breakdown of infection control practices.’

It has been debated for many years whether bacterial
resistance to antibiotics can influence clinical outcome.

A relationship between in vitro susceptibility tests and

antibiotic therapeutic failure can be supported by:

+ Emergence, during therapy, of a new resistance marker

not known previously;

Selection of a resistant mutant or acquisition of a re-

sistance gene during therapy;

Failure to recognize or take into account new resistance

mechanisms;

Superinfection with resistant bacteria.
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in pecific, probably viral, infections that are un-
likely to be influenced by antibiotic therapy, and by
using narrow-spectrum drugs to minimize selective
pressure.
Copyright 2002, Eisevier Science (USA). All rights
reserved.

Emergence of antibiotic resistance among commonly
encountered gram-positive cocci is currently a serious
problem worldwide, the most important issues being
penicillin-resistant Streptococcus pneumoniae (PRSP),
vancomycin-resistant enterococci, methicillin-resistant
Staphylococcus aureus (MRSA), and, most recently,
glycopeptide-intermediate S. aureus. All these organisms
are multidrug resistant.*

Another serious problem is antibiotic resistance of a
number of gram-negative bacilli (Klebsiella pneumoniae,
Escherichia coli, Serratia marcescens) owing to
extended-spectrum B-lactamase production, and multi-
antibiotic resistance of Pseudomonas aeruginosa. All
these pathogens are common members of the gastroin-
testinal flora and, therefore, pose potential problems in
abdominal surgical infections, primarily in immune de-
pressed patients. Because of their increasing dissemina-
tion, such resistant bacteria may have great clinical im-
pact and make antimicrobial therapy of many infections
extremely difficult or virtually impossible in some cases.
The extensive, and often inappropriate, use of antibiotics
worldwide has been known for a long time to be the ma-
jor factor in the emergence and spread of antimicrobial
resistance among microorganisms.’

Many investigators state that antibiotic-resistant bac-
terial strains arise primarily in hospitals, but this is only
partly true. The widespread use of antibiotics by general
practitioners, dermatologists, dentists, farmers, and so
forth could be important for resistance development in
the community as well. In addition, we must determine
whether there are environmental selection pressures,
other than antibiotic use, that could contribute to the
spread of bacterial resistance and explain the high level
of resistance in areas where antibiotics are not used. The
key moment to stop resistance would be before it starts,
by preventing the acquisition of resistance genes. From
this point of view, long-term exposure to low antibiotic
doses is the condition most likely to promote stable
maintenance of resistance genes, whereas short-term
exposure to antibiotic levels high enough to kill bacteria
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or prevent their growth is much less likely to support
resistance.®

Some investigators have discussed the role of antibi-
otic selective pressure behind the inappropriate use of an-
timicrobials. Every hospital should look at its own re-
sistance situation and determine the best methods to
control it.2

Today, it is necessary to predict the risk for antibiotic
resistance and to understand how antibiotics are used and
how their use can influence the evolution of resistance.
Only if we understand the epidemiology of bacterial re-
sistance to antimicrobials will we be able to implement
preventive strategies to limit pre-existing resistance and
to avoid the emergence of new resistant bacterial strains.’
The correlation between antibiotic use and antibiotic re-
sistance is not so easy to show, however, evidence is plen-
tiful and mostly consistent. In the hospital, establishing
an epidemiologic diagnosis is a prerequisite to any deci-
sion, including restriction of antibiotic use.®

To limit the prevalence of bacterial resistance to an-
timicrobials, 2 complementary strategies are of funda-
mental importance. The first one is to avoid antibiotics
in very common situations in which they are unlikely to
provide benefit, such as in a number of upper respiratory
tract infections—common cold included—and in bron-
chitis. For example, it has been shown that 51% of pa-
tients diagnosed as having colds, 52% nonspecific upper
respiratory tract infections, and 66% acute or nonspecific
bronchitis, are treated by ambulatory care physicians
with antibiotics.®

The second crucial point is to use narrow-spectrum
antibiotics as much as possible to minimize selective
pressure.'® Much emerging evidence shows that these
strategies can be effective.

In a child-care center in Omaha, NE, Boken
etal'! showed that nasopharyngeal carriage of PRSP de-
creased dramatically from 53% to 7% concomitantly
with a decrease in antibiotic use by the attendees.

In Iceland, during the early 1990s, a nationwide cam-
paign resulted in decreased antibiotic use by approxi-
mately 10%, with a reduction of as high as 30% for
cotrimoxazole and macrolides. This campaign was fol-
lowed by a significant decrease in the incidence of PRSP
infections from 20% to 16.9%, and by a dramatic fall in
the rate of carriage of PRSP from 49% to 15% among
day-care center attendees.'?

In Finland, a significant reduction in macrolide con-
sumption from 2.40 defined daily doses per 1,000 per
day in 1991 to 1.38 in 1992 (P = .007) was followed by
a steady decrease in the frequency of erythromycin re-
sistance among group A streptococci recovered from
throat swabs and pus samples.’?

North American guidelines recommending a reduction
in the use of erythromycin and other macrolides for treat-
ment of respiratory tract and skin and soft-tissue infec-
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tions were instituted in the mid-1990s; shortly after,
macrolide consumption decreased by 50%, and a simi-
lar reduction in the frequency of erythromycin-resistant
isolates was reported.'®

The incidence of nosocomial infections caused by gram-
negative bacilli has been increasing lately. In the past
decade, there was an increased use of third-generation
cephalosporins (3GCs), both for first-line therapy and for
prevention of infections in hospitalized patients. At the
same time, resistance to 3GCs emerged among gram-
negative bacilli capable of producing group I B-
lactamases. These bacteria possess a gene that, when trig-
gered by either exposure to 3GCs or spontaneous muta-
tions, produces a cephalosporinase that can inactivate all
of the currently available cephalosporins. Citrobacter spp.,
S. marcescens, Enterobacter spp., and P. aeruginosa are
the most common gram-negative bacteria possessing this
inducible enzyme.'*"®

Moreover, there is the belief that the more and more
frequent prescription of 3GCs partly results from their
inappropriate use. In the mid-1990s, a multinational sur-
vey was performed on the type of antibiotic therapy pre-
scribed by general practitioners of 7 European countries
for therapy of community-acquired pneumonia, and the
results of this study provided extremely varied informa-
tion from country to country. Whereas in Sweden, the
United Kingdom, and Holland, old, narrow-spectrum,
oral antimicrobials (amoxicillin, erythromycin, oxytetra-
cycline, doxycycline) were preferred, in Italy new par-
enteral 3GCs (cefiriaxone, ceftazidime, and cefotaxime)
and carbapenems (imipenem) were mostly used.'® It is
obvious that such prescriptive behavior can have serious
repercussions on both economic and ecologic grounds by
producing a definite, significant increase in costs and a
possible, dreadful spread of bacterial resistance.

Among other gram-negative bacteria that are impor-
tant causes of respiratory tract infections, approximately
one third of Haemophilus influenzae isolates and more
than 90% of Moraxella catarrhalis strains in the United
States produce B-lactamases.'” The main consequence of
this phenomenon is that such isolates are resistant to
ampicillin and to other B-lactamase—sensitive penicillins,
thus, requiring the use of more expensive and/or
extended-spectrum antibiotics.

Medical literature supplies a number of reviews
regarding the use of piperacillin-tazobactam for treat-
ment of infections caused by B-lactamase-producing
pathogens. Piperacillin alone has been successful in the
therapy of many bacterial infections, however, it is sus-
ceptible to hydrolysis by many commonly encountered
B-lactamases. The addition of tazobactam to piperacillin
extends the spectrum of piperacillin, making it a valid
alternative for treatment of nosocomial bacterial infec-
tions. Recently, the increased use of 3GCs has been as-
sociated with the emergence of resistant bacteria in the
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nosocomial setting, including multiresistant enterococci
and extended-spectrum B-lactamase—producing Entero-
bacteriaceae. An outbreak of ceftazidime-resistant K.
pneumoniae (28% of all K. pneumoniae strains) at the
Cleveland Veterans Affairs Hospital occurred where cef-
tazidime was administered most frequently. The outbreak
was controlled by limiting the use of ceftazidime by ap-
proximately 50% and by using piperacillin-tazobactam
as a broad-spectrum alternative: within a few months,
isolation of ceftazidime-resistant K. pneumoniae de-
creased significantly (10.2%; P < ,05).'%

Regarding gram-positive cocci, the medical literature
reports a reduction of vancomycin-resistant enterococci
prevalence after the restriction of the use of cephalo-
sporins and their substitution with broad-spectrum peni-
cillins. Other control options include rational drug switch-
ing and cycling processes, though such practices need to
be validated by controlled trials.’® The spread of MRSA
strains has become a major problem in many hospitals
worldwide, and currently they account for 20% to 40%
of all S. aureus nosocomial isolates wherever these strains
are endemic, as in many areas of the United States and
in Southem Europe.?®?' Interestingly, well-designed
studies have shown that the changeover from methicillin-
susceptible to methicillin-resistant S. aureus can result
from selective antibiotic pressure in hospitals after use of
cephalosporins, primarily after cefazolin administration
as presurgical prophylaxis.”? Moreover, the circulation of
resistant strains between health care facilities and the
community is challenging control programs. As a conse-
quence of the increasing rate of MRSA carriage in pa-
tients discharged from the hospital, MRSA infection is
now commonly described in patients readmitted or even
newly admitted from the community to the hospital.”

As far as respiratory tract pathogens are concerned,
the epidemiology of community-acquired pneumonia
has changed significantly in recent years, and emerg-
ing resistance among these microorganisms, particularly
to B-lactams, is an increasing concern. Although emerg-
ing bacterial resistance has a variable impact among
different countries, its growing importance is globally
changing the classic therapeutic approach to both
community- and hospital-acquired pneumonia. Today, a
broad-spectrum empiric therapy is used most often for
therapy of respiratory tract infections, and bacterial re-
sistance needs be taken into account, though a direct
relationship between antibiotic resistance and clinical out-
comes in the treatment of pneumonia in adults has not
been extensively shown. New antimicrobials must be con-
sidered, with emphasis on effective dosing and optimal
dose interval.'

Penicillin resistance in S. pneumoniae is of 2 cate-
gories: intermediately susceptible isolates with minimal
inhibitory concentrations comprised between 0.1 and 1
wg/L, and those with high-level resistance having mini-
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mum inhibitory concentrations greater than 1 pg/ml.
The prevalence of these 2 types of resistance varies con-
siderably, not only by geographic region but also by age
and anatomic source. Overall in the United States, the
percentage of penicillin-nonsusceptible S. pneumoniae
(PNSP) is 34.9% (22.1% of organisms are intermediately
susceptible, and 12.8% highly resistant), varying from
28% in North- and Mid-Atlantic states to 44% in South-
Atlantic states.'” Pneumococcal isolates from the upper
respiratory tract seem to be more penicillin resistant than
those from other sites (blood, sputum, eye): the incidence
of PNSP was 53.7% for nasopharyngeal, 58.2% for mid-
dle ear, and 60.9% for sinus isolates. Patients younger
than 2 years with otitis media had the highest prevalence
of PNSP. High-level penicillin resistance is also com-
monly associated with multidrug resistance. In a recent
review of 1,476 pneumococcal strains isolated in regional
laboratories, macrolide resistance was found in 30% of
all strains, but in 67% of isolates that were highly resis-
tant to penicillin.*

At present, penicillin continues to be the treatment of
choice for pneumococcal pneumonia—even if caused by
intermediately susceptible strains—for a number of rea-
sons such as high penetration into the respiratory tract,
low cost, and low selective pressure. In the ambulatory
setting, empiric use of other agents such as macrolides,
fluoroquinolones, or doxycycline can be a reasonable
choice.?*

A number of studies have been published in medical
literature about the relationship between prior antibiotic
use and emergence of resistant bacterial isolates. Span-
ish researchers have recently published worrisome data
on the frequency of PNSP as an agent of acute otitis me-
dia in their country. During the study period, they noted
a significant difference (P = .01) between the isolation
rate of PNSP from children with acute otitis media not
recently treated (50%) and recently treated (90.5%) with
antibiotics, and the same trend, though not significant,
was noted for strains that were resistant to erythromycin
(35.7% and 62%; P = .12), clindamycin (35.7% and
47.6%; P = .48), and cotrimoxazole (62.4% and 81%,;
P = .23). The rates of B-lactamase-producing H. in-
Sfluenzae isolates were different between treated (43%)
and not treated (23%) patients as well, though the dif-
ference was not statistically significant (P = .18). The
investigators concluded that isolation of PNSP from pa-
tients with recurrent acute otitis media suggests an im-
portant role of the selection of resistant mutants result-
ing from prior antibiotic use.?®

Other reports have also shown high rates of PNSP in
respiratory tract infections that do not respond to initial
antibiotic therapy, and PNSPs were found several times
more frequently in recurrent acute otitis media than in
acute untreated infections. For example, Block et al?’ iso-
fated PNSPs much more commonly from patients re-
cently treated (within 3 days) with antibiotics (30%) than
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from patients treated more than 3 days earlier (2%; P <

.0001). If one considers the annual high rate of antimi-

crobial prescriptions for nonspecific upper respiratory

tract infections, bronchitis, and even the common cold,’
it is obvious that efforts to improve awareness in patients
and/or parents, physicians, and public health officials and
to limit unnecessary antibiotic use for treatment of res-
piratory tract infections have to be made.?®

in the mid 1990s, Jacobson et al'® performed a
prospective, case-controlied, observational study to ex-
amine the prevalence and the risk factors for develop-
ment of resistance to extended-spectrum cephalosporins

(ESCs) in group I B-lactamase—producing gram-negative

bacilli. A total of 386 isolates were recovered from 340

patients during the study period, and 70 (18.1%) of them

were resistant to 3GCs, with strong differences among
both genera and species. For instance, a good 31.1% of

E. cloacae and only 18.9% of E. aerogenes isolates were

resistant. P. aeruginosa was the second most frequently

isolated organism after Enterobacter spp. (40.2% of all

isolates), but with a much lower resistance rate (7.7%).

Citrobacter spp. represented only 8% of all isolates, and

all but one of the resistant Citrobacter isolates were of

the species C. freundii, which had a resistance rate of

40.9%. S. marcescens represented 9.1% of all isolates

and had a 5.7% resistance rate.'* In this study, the in-

vestigators concluded that:

+ The mean number of antibiotics used by patients be-

fore isolation of a resistant isolate was significantly

greater than among patients with a susceptible strain.

Twenty-eight percent of patients whose isolates were

susceptibie had not received an antibiouc duning the

prior 30 days, but only 7.6% of the patients whose
isolates were resistant had not received an antibiotic
beforehand.

Resistant isolates were recovered less frequently from

patients receiving a 3GC plus an aminoglycoside than

from those receiving a 3GC alone, thus, suggesting that
bacterial resistance could be markedly lower if amino-
glycosides are associated with 3GCs.

The number of days of antibiotic therapy before the

emergence of resistance was compared with the prob-

ability of development of resistance. A linear relation-
ship between the number of days of therapy with cef-
tizoxime or cefotaxime and the probability of
development of resistance was noted. However, even

1 day of therapy with ceftazidime put patients at risk

for having an isolate resistant to 3GCs.

They also found:

« A strong correlation between the use of broad-
spectrum antibiotics and the subsequent isolation of
group | B-lactamase—producing organisms that are re-
sistant to multiple ESCs. These multiresistant strains
are more and more frequently causing infections in
hospitalized patients and increasing the montality rate.

.
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In particular, prior exposure to ceftizoxime, cefo-
taxime, ceftazidime, and, probably, piperacillin was as-
sociated with the isolation of organisms resistant to
3GCs. This finding argues for selection, rather than in-
duction, of more resistant endemic hospital flora as the
mechanism responsible for emergence of resistance af-
ter piperaciilin use.

* An association between the isolation of resistant En-
terobacter strains and prior therapy with 3GCs. Resis-
tant bacteria have been isolated from up to 44% of pa-
tients infected with Enterobacter spp. and treated with
3GCs."* Many reports have described clinical failure
related to this phenomenon. The presence of multire-
sistant Enterobacter spp. has also been associated with
a longer hospital stay, greater use of antibiotics, and a
higher mortality rate.” Other underlying conditions
(ie, neutropenia and cystic fibrosis) have been found
to be associated with the emergence of pathogens re-
sistant to 3GCs.>
We can find a number of reports regarding the emer-

gence of microorganisms resistant to multiple B-lactams

during therapy with 3GCs because of the production of

B-lactamases. A recent prospective study on the emer-

gence of resistance during therapy for Enterobacter bac-

teremia showed that previous administration of ESCs was
more likely to be associated with recovery of multire-
sistant Enterobacter isolates in an initial positive blood
culture (69%) than was administration of antibiotics that

did not include an ESC (20%).”® A 6-month prospective

investigation studied 134 patients from whom Entero-

bacter isolates were recovered: the rate of resistance was

25.4%, and the prior use of a 3GC was significantly

associated with resistance (P < .0001).”*

One method by which emergence of resistance can be
prevented, or at least delayed, is the use of combination
therapy. Because the emergence of resistant mutants is
the result of selective pressure by antimicrobial therapy,
the change of mutants resistant to 2 antimicrobials in the
parent population being present is a product of mutation
frequencies, provided that resistance mechanisms are in-
dependent. From both in vitro and in vivo studies it seems
possible that emergence of resistance is less common
when combination therapy is used, primarily for mi-
croorganisms able to develop resistance relatively
quickly, such as P. aeruginosa, and for resistance mech-
anisms that occur at a relatively high frequency.??

A number of reports document conflicting resuits on the
combination therapy with a 3GC plus an aminoglycoside
in preventing the emergence of resistance to 3GCs, though
most series included small numbers of patients. Chow et
al®® showed that the emergence of resistance to 3GCs was
not less common among patients receiving a 3GC plus an
aminoglycoside than among those receiving a 3GC alone.
On the other hand, the aforementioned study by Jacobson
et al,'* using logistic regression analysis, found a signifi-
cant reduction in the development of resistance when an
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aminoglycoside was added. Although the use of an
aminoglycoside plus a 3GC does not always prevent the
emergence of resistance, the organisms usually remain
susceptible to 1 of the agents, thus, possibly improving
the chances of patients’ survival.'*

An important part of the strategies aimed at circum-
venting the development of bacterial resistance is to as-
sess the ecologic impact of preventive antibiotic therapy
in hospital practice.>> More information is needed to bet-
ter define mechanisms of resistance and to clarify more
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effective ways of using existing antimicrobials. Appro-
priate use of antibiotics in the hospital (primarily in the
intensive care unit, in severely ill patients, and for com-
plicated infections) must to be optimized to reduce the
emergence of further resistance. It is anticipated that pre-
ventive and therapeutic options will provide the basis for
a better approach to this problem. The consequences as-
sociated with antimicrobial resistance should serve as a
strong incentive to establish appropriate and judicious
use of antibiotics.?
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