Mechanisms and Current Rates of Resistance

Based on a presentation by Gary V. Doern, PhD

Presentation Summary
Haemophilus influenzae, Moraxella
catarrhalis and Streptococcus preumo-
niae have become increasingly resis-
tant to 3-lactam antimicrobials. This
trend is particularly disconcerting
with respect to S. puewmoniae, the
most significant pathogen among the
three. The prevalence of penicillin
resistance with 8. preumoniae has in-
creased dramatically during the past
decade in the United States. In 1992
and 1993, nearly one fourth of .
preumoniae isolates were either inter-
mediate or resistant to penicillin, and
by 1997, this percentage increased to

43.8%, with 40% of non-susceptible
strains being highly resistant.

Clonal spread of antibiotic-resis-
tant strains of §. pwewmoniae has oc-
curred in the United States. Because
of the mechanism of penicillin resis-
tance with S, preumoniae (ie, altered
penicillin-binding proteins), cross-
resistance with other B-lactams also
occurs. Low rates of 1esistance (as
low as 0.2%) and high in vitro activity
associated with the fluoroquinolones
has generated enthusiasm for this
class of drugs as potential agents for
the empiric treatment of outpatient
respiratory tract infections.

aemophilus influenzae, Moraxella

catarrhalis, and Streptococcus

pnewmonige are the three most
common bacteria isolated from patients
with community-acquired lower respira-
tory tract infections, acute otitis media
and acute maxillary sinusitis. These in-
fections are typically treated empirically.
Because empiric therapy is predicated
on an understanding of the usual patho-
gens involved and their susceptibility
profiles, an examination of these organ-
1sms’ resistance patterns is necessary in
order to optimize empiric therapy.

H. influenzae
Over the past 15 years, 11 surveillance
studies have been conducted to track the

prevalence of B-lactamase-mediated
ampicillin resistance with non-typable
H._ influenzae in North America."”” The
annual incremental increase in resis-
tance has been 1% to 2%. However, the
prevalence of ampicillin resistance with
H. influenzae in North America appears
to have reached a plateau (Figure 1),
according to Gary V. Doern, PhD, Pro-
fessor of Pathology at the University of
lowa College of Medicine and Co-Di-
rector of the Clinical Microbiology
Laboratory at the University of Towa
Hospital and Clinics. “About one third of
clinical isolates of this organism today
are resistant to ampicillin and
amoxicillin because the organisms pro-
duce beta lactamase,” Dr. Doern said.
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Figure 1. Prevalence of R-Lactamase-Mediated Ampicillin
Resistance with Haemophilus influenzae in North America
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R-lactamase ampicillin resistance with Haemophilus influenzae in North America
has increased annually at a rate of 1% to 2% since 1983 to 1984 and appears to

have reached a plateau

Figure 2. Penicillin-Resistant Streptococcus pneumoniae in the
United States

Contributing
Year - #oflsolates  Sies
1979 494 35
1980 508 35
1981 &7 35 M ntermediate
1982 569 35 DOHigh Resistant
1983 602 35
1984 655 35
1985 708 35
1986 725 35
1987 757 35
1988-89 476 15
1990-91 524 17
1992-93 799 19
1994.95 1524 30
1996 2542 187
1997 845 27
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Between 1988 to 1989 and 1990 to 1991, the rate of penicillin-resistant Streptococ-
cus pneumoniae in the United States increased dramatically, and by 1997, nearly

44% of isolates were resistant to penicillin

B-lactamase—positive strains of H. iz-
fluenzae are refractory to therapy with
the B-lactam antibiotics such as am-
picillin and amoxicillin. The issue is
complicated by the recent recognition of
significant numbeis of clinical isolates of
Haemoptilus that lack B-lactamase but
are resistant to ampicillin or amoxicillin
by other mechanisms, said Dr. Doern.’
Inaddition, 3-lactamase—positive strains
of H. influenzae have been described
which are resistant to the 3-lactam/3-lac-
tamase combination, amoxicillin/clavu-
lanate.” The most common mechanism
of resistance for strains in both of these
categories is altered penicillin-binding
proteins.

Avariety of alternative oral antibiotics
are uniformly active against the B-lac-
tamase~producing H. influenzae organism.
In 1997, resistance to the fluoroqui-
nolones was uncommon, as was resis-
tance to chloramphenicol, cefpodoxime,
cefixime, ceftibuten, cefuroxime, the
macrolides azithromycin and clarithro-
mycin, and the tetracyclines.”” In con-
trast, the macrolide erythromycin is
relatively inactive against H. influenzae.

Antibiotics associated with higher
rates of resistance against non-typable
H. influenzae (ie >3%) include amoxi-
cillin/clavulanate, cefaclor, cefprozil,
loracarbef, and trimethoprim/sulfa-
methoxazole.?

M. catarrhalis

The first B-lactamase—positive isolate
of M. catarrhalis was discovered in 1976.*
In 1997, “virtually all isolates of this or-
ganism are now resistant,” said Dr.
Doern. Alternate agents are similar to
the ones that are uniformly active
against H. influenzae, he said. “I’'m not
sure that the drug of choice for the man-
agement of M. catarrhalis infections has
been defined,” he said, even though the
published literature describes the use of
erythromycin more frequently than any
other agent.

The macrolides, the tetracyclines,
the fluoroquinolones, trimethoprim/
sulfamethoxazole are all uniformly ac-
tive or nearly so against M. catarrhalis.>”
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S. pneumoniae

The rate of penicillin resistance with
S. pneumoniae in the United States has
reached extraordinary levels in a short
period of ume (Figure 2), Di1. Doern
continued.

Pneumococcus is considered suscep-
tible to penicillin when it has a minimum
inhibitory concentration (MIC) of <0.06
pg/mL. Two levels of resistance have
been defined: intermediate- and high-
level resistance, depending on the spe-
cific MIC, either 0.12 to 1 pg/mL. or >2
wg/ml, respectively.®’

In the United States prior to 1990,
most clinical isolates of S. preumoniae
were susceptible to penicillin.® Resis-
tance occurred only infrequently, that is
2% to 7% of the time, and when it oc-
curred it was invariably of the interme-
diate level. “Prior to 1988 to 1989, very
few patients with infections caused by
organisms with high-level penicillin re-
sistance had been described,” said Dr.
Doern.

In the 2-year interval from 1988 to
1989 and 1990 to 1991, a major jump in
the prevalence of penicillin' resistance
with S. preumoniae occurred, from 3.8%
to 17.6% (Figure 2).”'° By 1994 to 1995,
nearly one fourth of the isolates were
resistant to penicillin,11 and by 1997, this
percentage had increased to 43.8%."
“Among strains that are no longer sus-
ceptible, some 40% of those are high-
level resistant,” Di. Doern said.

In the early 1990s, introduction of a
relatively few antibiotic-resistant clones
of S. preumoniae occurred in the United
States.”” These strains were probably
derived from foreign countries, said Dr.
Doern, and when established in the
United States, spread rapidly through-
out the country. “There clearly has been
clonal distribution of antibiotic-resistant
strains of . pumeumoniae in the United
States, which may explain, in part at
least, why this problem has grown to
such an extent over such a short period
of time,” said Dr. Doern.

§. pneumoniae developed resistance to
penicillin because of alterations in the
penicillin-binding proteins in its cell
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wall."" These are the targets to which
B-lactam antimicrobials bind in exerting
their effect. Because of this, penicillin
resistance with S. preunmoniae invariably
also leads to cross-resistance with other
B-lactam antimicrobials.

When 8. preumoniae expresses inter-
mediate resistance to penicillin, the
MICoqg values of other 3-lactam antibiot-
ics such as cephalosporins and B-lac-
tamase inhibitor combinations increase
eight- to 16-fold, and then another four-
fold as the organism becomes highly re-
sistant (Table 1).""" The relative
incremental increase in MICs is the
same irrespective of the B-lactam drug,
As a result, the activity of most 3-lactam
antimicrobials for both intermediate-
and high-level penicillin-resistant
strains can be predicted from a knowl-
edge of MIC values obrained with sus-
ceptible strains.

Alternative Therapeutic Choices
"The high rate of penicillin resistance
combined with cross-resistance to the
B-lactam drugs warrants the considera-
tion of non—f3-lactam antibiotics in the
treatment of S prenmoniae. The current
rates of resistance with non—3-lactam an-
timicrobials are shown in Table 2.
Clindamycin is associated witha 5.6%
rate of resistance, making it a reasonable

Table 1. {-Lactam Activity as a Function of Penicillin
Interpretive Category

MiCgo Values According to Penicillin Susceptibility Category
Susceptible Intermediate Resistant
Amoxicillin/ 003 1 4
clavulanate
Cephalexin 4 128 >256
Cefaclor 1 64 >128
Cefixime 0.5 16 64
Ceftibuten 05 8 64
Cefprozil 025 8 32
Cefuroxime 0.12 4 16
Cefpodoxime 006 2 16
Cefotaxime 0.06 1 4

Source: Doern et al, AAC. 1996
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choice in patients with known or
strongly suspected S. prenmoniae infec-
tions, said Dr. Doern. Clindamyecin,
however, is nota good choice for empiric
therapy when the etiologic agent is not
known or suspected because it has no
activity against M. catarrhalis ov H. influ-
enzae.

The macrolides are essentially
equivalent in their activity against .
preumoniae, with a rate of resistance of
about 18%. Higher rates of resistance to
the macrolides with S. presmoniae have
been reported erroneously in the medi-
cal and marketing literature as a result of
improper in vitro susceptibility testing.
There are two mechanisms of macrolide
resistance. One is an all or none resis-
tance in which susceptible organisms go
from having MICs of 0.12 or 0.25 to
having MICs of >64 ug/mL. These

strains have altered ribosomal targets of

macrolide action and are clearly clini-
cally resistant. A second mechanism of
resistance, however, can occur in which
the organisms actively pump the
macrolide out of the cell. These organ-
isms have intermediate MICs of 1 to 32
ug/ml.. Given current breakpoints (ie,
>1 pg/mL. = resistant), organisms in the
second category would be classified as
resistant. 'The latter mechanism repre-
sents the majority of macrolide-resistant
strains of §. preumoniae (ie, at least 75%).
An important question is: are these ef-
flux mutants with intermediate levels of

Table 2. Rates of Non—f3-Lactam Antimicrobial Resistance Versus
Streptococcus pneumoniae According to Penicillin Susceptibility

Category
Percent Resistance for Strains that Are:
Antimicrobial Pen® Pen' Pen®
Macrolides 28 16 5 48.0
Clindamycin 06 11 11.8
Chloramphenicol 0.6 32 27.6
Tetracycline 3.2 122 35.5
TMP/SMX 4.7 22.2 711

Source: Doern et al. CID 1998.

resistance really refractory to therapy
with macrolides? If they are susceptible
clinically, then the overall rate of resis-
tance would drop from current levels of
about 18% to only 3% or 4%.

In a recent national surveillance
study in which 1100 clinical isolates of
8. pueumoniae were collected, three or-
ganisms appeared to be resistant to
fluoroquinolones.'® Molecular charac-
terization of these organisms revealed
mutations usually ascribed to fluoroqui-
nolone resistance with gram-positive or-
ganisms. The same three organisms
demonstrated cross-resistance to all of
the fluoroquinolones. As is the case with
B-lactam antibiotics, the relative in-
crease in MIC values in fluoroqui-
nolone-resistant §. prexmoniae remains
roughly the same irrespective of the
fluoroquinolone.

“Since the fluoroquinolones have
varying levels of intrinsic activity, the
end result of these mutations to resis-
tance leads to organisms with incremen-
tally higher MICs,” said Dr. Doern. For
example, if a typical strain of S. prenmo-
niae has an MIC to ciprofloxacin of 1.0
to 2.0 pg/ml., resistant strains have
MICs of 16 to 32 ug/ml.. The source of
tluoroquinolones susceptible organisms
would have a trovafloxcin MIC of 0.12
ug/ml, while the MICs of resistant
strains would be 16-fold higher, ie, 2
ug/mlL.

Two conclusions follow from these
observations: (1) resistance to fluoroqui-
nolones remains relatively uncommon,
and (2) a gradation of in vitro activity
exists among the fluoroquinolones. As a
result of the low 1ates of resistance and
high in vitro activity, the potential role
of the extended-spectrum gram-posi-
tive fluoroquinolones in the manage-
ment of outpatient respiratory tract
infections has generated much enthusi-
asm.

One concern is the emergence of re-
sistance to the fluoroquinolones once
they are used extensively for 8. preumo-
miae infection. The basis for their con-
cern is the experience that accumulated
with ciprofloxacin following its intro-
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duction in 1988. Shortly after its ap-
proval, ciprofloxacin was promoted ag-

gressively for use in the management of

outpatient respiratory tract infections.
This practice was commonly associated
with the emergence of resistance to
ciprofloxacin in patients with pneumo-
coccal infection while on therapy. As a
result of this experience, ciprofloxacin
has not marketed aggressively for outpa-
tient use in respiratory tract infections
during recent years.

The question arises, what will hap-
pen when newer-generation fluoroqui-
nolones are used extensively to treat
outpatient respiratory tract infections
often caused by . puewmoniae? Will
fluoroquinolone r1esistance rates rise?
Currently, answers to these important
questions are not available. Only time
will tell.

-+ DISCUSSION -

After fis presentation, Dr. Doern an-
swered questions from symposium partici-
pants.

Question: Are there any recent data
showing that patients who have pneu-
monia because of penicillin intermedi-
ate- or high-level vesistant strains of' S.
pneumoniae do any worse than pa-
tients who are infected with susceptible
strains when treated with penicillin or,
for that matter, other B-lactam antimi-
crobials?

Dr. Doern: Antibiotic resistance with S
prenwmoniae has existed to a much greater
extent and for a longer period of time in
many parts of the world outside the
United States. Spain may be the best
example. One recent study analyzed
160 patients with pneumococcal pneu-
monia who were treated with high-dose
penicillin, and another 150 patients with
pneumococcal pneumonia who were
treated with high-dose cefotaxime.'
Response to therapy was analyzed in the
context of the MICs of the infecting
pathogens. There was no statistically

-+ MECHANISMS AND CURRENT RATES OF RESISTANCE -

significant difference in the response
rates of patients infected with suscepti-
ble versus intermediate or resistant or-
ganisms in either treatment group. One
conclusion is that resistance to B-lac-
tams, at least as currently defined with
existing MIC breakpoints, is not rele-
vant to managing patients with pneu-
mococcal lower respiratory tract
infections.

There are, however, several caveats
regarding this study and the conclusions
that can be drawn from it. The overall
rates of failure in the patients, even
those infected with susceptible strains,
were significantly higher than one
would normally expect in patients with
pneumococcal pneumonia. The end-
point in this stcudy was mortality. Mor-
bidity might have been a more refined
measure of therapeutic efficacy. There
were relatively few patients, particularly
in the cefotaxime group, infected with
resistant organisms making compari-
sons difficult between groups with resis-
tant strains versus those with
susceptible strains. And finally, the
study patients received extremely high
doses of both penicillin and cefotaxime.
Obviously, we need more data with re-
gard to the issue of how in vitro esti-
mates of resistance with S. preumoniae
correlate with outcome.

Question: From a clinical perspective,
are there factors associated with a
higher risk for infection with antibi-
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otic-resistant strains of S. pneumo-
niae?

Dy. Doern: Several factors predispose
to infection with resistant organisms.
Age, specifically the very young and the
very old, is typically associated with the
highest resistance rates. The presence
of undeilying disease. Previous expo-
sure to antibiotics. This is most strongly
associated with predisposition for infec-
tion because of antibiotic-resistant or-
ganisms. And finally, there also appears
to be a seasonality associated with resis-
tance, higher rates being apparent in the
winter months,

Question: In terms of previous expo-
sure, does it make a difference if the
antibiotic was parenteral or oval?

Dr. Doern: The vast majority of infor-
mation in the literature regarding this
question emphasizes the use of oral 8-
lactam antimicrobials in the community,
so I don’t think we have sufficient infor-
mation with which to frame an answer to
this question.

Question: Is it correct to assume that
macrolide resistance is similar to S-lac-
tam resistance in that if enough antimi-
crobial is administered, the pathogen is
likely to be eradicated at least in some
infections, notwithstanding apparent
in vitro resistance?

Dr. Doern: There exists circumstantial
clinical data and some information from
animal models that suggests that at least
efflux mutants may be clinically suscep-
tible to treatment with an agent like
clarithromycin even when administered
at standard dosages. The issue with the
macrolides may be less dosage amounts,
more understanding of tissue pharma-
codynamics.

Question: Internationally, S. pneumo-
niae resistance to macrolides is dra-

matically higher than in the United
States, as high as 80% in some parts of
the world. Do you have any explana-
tion?

Dr. Doern: Varying rates of resistance
in various parts of the world are probably
best explained by different antimicro-
bial usage patterns. Clearly, as with
other drugs, excessive usage can result
in-high resistance rates. It is possible
that macrolide usage is higher in parts of
the world with highest resistance rates.
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