Vol. 17, No. 10, Oct., 1998

40. Gehanno P, Lencir G, Berche P. In vivo correlates for Strep-
tocoocus paeumonioe penicillin-resistance in acute otitis me-
dia. Antimicrob WUWMMI-& L

1. Dagan R, Piglansky L, Yagupsky P,at al. Bacteriologic -
response in acuts otitis media: comparison between azithro-
myein, cefaclor and amoxicillin (Abstract K-103}. Presented
at the 37th Interacience Conference on Antimicrobial Agents
.mmmmm.w.mm.mwm

to October 1, 1997. Washington, DC: American Society for
Microbiology, 1997:346. . .

32. Boken D, Chartrand 8§, Goering R, Kruger R, Harrison C.
Colonization with penicillin-resistant Streptococcus pneu-
moniae in a child-care center. Pediatr Infect Dis J 1995;14:
L 879-84.

33. Carsenti-Etesse H, Durant J, De Salvador F, et al. In vitro
development of resistance ‘o0 batabeta-lactam antibiotics in

pneumoniae. J Anumicrob Chemother 1995;36:
417-23.

THE PEDIATRIC INFECTIOUS DISEASE JOURNAL

885

34. Sifau:iF.lﬁuhllD.Gm-nLluuhnuhwondomup
mutants of Streptococcus paeumonice resistant to different
oral beta-lactam antibiotics is associated with alterations of
PBP2x Antimicrob Agents Chemother 1996;40:152-6.

35. Dowson CG, Colley TJ, Kell C, Whiley R. Evolution of
penicillin resistancs in Streplococcus pneumoniae: the role of
Streptococcus mitis in the formation of the low affinity PEP2
B in S. pneumoniae. Mol Microbiol 1993:9:635-43.

36. Johnson WG, Blackstock A, Pierce AK, Sanford J. The role of
bacterial antagonism in pneumococcal colonization of the
buman pharynx. J Lab Clin Med 1870;75:946-52.

37. Sanders C, Sanders E, Harrowe D. Bacterial interference:
effects of oral antibiotics on the normal flora and its ability to
inurl';;.e with Group A streptococei. Infect Immun 1976;13:

.808- )
38. Dowell SF, ed. Principle of judicious use of antimicrobial
<  agent for pediatric upper respiratary tract infections. Pediat-
rics 1998;101(Suppl):163-84.

Pedistr Infect Dis J, 1998;17:885-80
0891-3668/498/$03.00/0
Copyright © 1998 by Lippincott Williams & Wilkins

Vol. 17, No. 10
Printed in US A

Pathogens isolated during treatment

failures in otitis

' PIERRE GEHANNO, MD, LAURENCE N'GUYEN, MD, MARTINE DERRIENNIC, MD, FRANCOIS PICHON, MD,

JEAN-MARIE GOEHRS, MD AND PATRICK BERCHE, MD

Objectives. A prospective study in the Paris
region to evaluate the clinical and bacteriologic
epidemiology of acute otitis media in infants in
whom oral antibiotic therapy resulted in clinical
failure.

Methods. The study included 186 children with
2 mesdn age of 17.5 = 13.1 months. Two-thirds of
them attended a day-care center and 40.8% had a
history of recurrent otitis media. The most fre-
quently prescribed prior antibiotics were amoxi-
cillin-clavulanic acid (48% of cases), an oral third
generation cephalosporin (22.6%), erythromyecin-
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sulfisoxazole (11.8%) and a first generation ceph-
alosporin (10.2%). The average duration of anti-
biotic therapy was 6.9 + 2.65 days. Specimens for
bacterial cultures included 188 samples of mid-
dle ear fluid obtained by tympanocentesis and 37
oollected from otorrhea fluid. :
Results. One hundred forty-one samples
(62.7%) from 126 children yielded 170 bacterial
isolates. In 60 children (82.8%) the culture of the
ear pus was sterile. Among the 170 bacterial
isolates: 67 (39.4%) were Streptococcus pneu- *
moniae (59 patients), of which 77.6% had reduced
susceptibility to penicillin (PRSP with penicillin
MIC = 0.125 mg/); 61 (35.9%) were Haemophilus
influenzae (66 patients) of which 49.2% were be-
ta-lactamase producers; and 8 were Moraxelia
catarrhalis (8 patients), of which 87.5% were
beta-lactamase producers. Thirty-six patients
were infected by 8. pneumoniae with penicillin
MIC = 1 mg/l. In our study attending day-care
center (P = 0.04), temperature >38°C with signs
of otalgia (P = 0.02), age <2 years (P = 0.048) and
prior antibiotic treatment with erythromycin-
sulfisoxazole (P = 0.008) were independently pre-
dictive risk factors for patients infected with
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* penieillin-resistant S. pneumoniae. Pneumococ-
cal serogroups 23, 14 and 19 were predominant
—== 4, 25.4 and 238.8%, respectively). Penicillin re-
ace was mainly associated with umgmups

. «nd 14,

Concluciom Penicillin-recutant-S pncuo '

moniae isolates are frequently responsible for
therapeutic failure in cases of acute otitis media
“in the Paris region.

INTRODUCTION N
Acute otitis media (AOM) is the most frequently

diagnosed bacterial infection among children 4 to 36

aaths of age, with a peak incidence at the age of 18

months.! 2 Systematic antibiotic therapy leads to cure

in most cases, but ~10% of cases of AOM do not
respond to treatment. Most cases of therapeutic failure
are observed in children younger than 18 months -

The rapid increase in the number of isolates of penicil-

lin-resistant Streptococcus pneumoniae threatens to

make current antibiotic therapy unsatisfactory. *-!! In

France the proportion of penicillin-resistant S. pneu-

moniae isolates in AOM has grown from 20% in 1992 to

almost 70% in 1996, so that the antibiotic treatment
strategy must be reconsidered.'*!* However, little is
known about the isolates obtained from children with

AOM after therapeutic failure. Therefore we conducted
{  "-ospective study that included 186 children with
‘, 1 therapeutic failure.

METHODS

Thirty independent ear, nose and throat specialists
practicing in the Paris region participated in this study
between January 9, 1996, and July 16, 1996. Investi-
gators received the approval of the appropriate ethics
committee (the CCPPRB, Saint-Germain-en-Laye,
France), and parental consent was obtained before
inclusion of each child.

Criteria for inclusion. This study included outpa-
tients of both sexes, 4 months to 6 years old with acute
otitis media in one or both ears. Before inclusion they
had received at least 8 full days of treatment with an
oral antibiotic or had discontinued therapy within 48 h.
The antibiotic therapy had failed to cure AOM as
evidenced by the persistence of general symptoms:
fever, otalgia or nonspecific signs of otalgia (irritability
and/or night awakening and/or inconsolable crying). It
was confirmed by otoscopic signs: red, thickened and
bulging tympanic membrane, sometimes perforated
with purulent otorrhea, as proposed by Paradise.}¢

Middle ear fluid was sampled in every included child
“+ bacteriologic tests. It was either obtained by tym-

ocentesis or collected in the ear canal by direct
<tion in case of purulent otorrhea.

Sampling for bacteriologic study. Each sample of
middle ear fluid was placed on Portagerm® transport

Vol. 17, No. 10, Oct., 1998

medium (bioMérieux, Marcy Etocile, France) and
mailed within 24 h to the microbiology laboratory of the
Necker-Enfants Malades Hospital, France, by special

" courier.

_ Bacteriologic studies. Each sample underwent
bacteriologic anslysis on arrival at the laboratory.
Aliquots of 100 ul were plated onto agar containing 5%
sheep blood (bioMérieux), Isovitalex® chocolate agar
plates (biocMérieux) and incubated under 10% CO2 in
air at 37°C for 24 to 48 h and on blood agar and
incubated anaerobically for 48 h at 37°C. Furthermore
one enriching medium for S. pneumoniae (bouillon T
Diagnosis®; Pasteur Mérieux Connaught, Marne-La-
Coquette, France) containing 20 ug/ml of gentamicin,
was-incubated in air at 37°C for 4 to 18 h and then
plated on §% sheep blood sgar. Each isolate of H.
influenzae or M. catarrhalis was identified as previ-
ously described®® and tested for beta-lactamase produc-
tion, using the nitrocefin test (Céfinase®; bioMérieux).
Each isolate of S. pneumoniae was identified as previ-
ously described,’® and susceptibility to beta-lactam
antibiotics was determined using the E test (0.02 to 32
mg/l) (AB Biodisk, Solna, Sweden); resistance was
defined as an MIC of penicillin 21 mg/l. The MICs were
confirmed by the reference method, Mueller-Hinton
agar dilution (bioMérieux) containing 5% fresh horse
lysed blood for S. pneumoniae using serial dilutions of
each of the tested antibiotics: penicillin, amaxicillin,
ceftriaxone for S. pneumoniae; and amoxicillin, amoxi-
cillin-clavulanic acid, ceftriaxone for H. influenzae and
M. catarrhalis. The susceptibility thresholds are de-
fined according to the recommendations of the Comité
de I'’Antibiogramme of the Société Francaise de Micro-
biologie (penicillin and eceftriaxone ints are,
respectively, 0.06 to 1 mg/l and 0.05 to 2 mgN).*

Each isolate of S. pneumoniae and of H. influenzae
was serogrouped with immune sera from the Staten
Serum Institute of Copenhagen (Denmark), no serotyp-
ing of S. pneumoniae was done. All bacterial isolates
were saved at —80°C for further investigations if nec-
essary.

Statistical analysis. The analysis was descriptive.
Qualitative variables are given as number of cases and
percentages, and quantitative variables were given as
number of subjects, mean and standard deviation,
minimum, maximum and median. Data analyses were
performed with SAS Institute statistical software. The
statistical independence of age (categorized), atten-
dance at a day-care facility, temperature >38°C with
signs of otalgia and previous therapy with erythromy-
cin-sulfisoxazole was verified between the subgroup of
patients with penicillin-resistant S. pneumoniae
(MIC = 1 mg/l) at inclusion and the subgroup of
patients without this resistance, using a chi square test
or the Fisher exact test depending on the number of

,i
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.gtients observed. Multivariate analyses were. per-
.omedtodewmmethemhfaaonofpmeneeof
penicillin-resistant S. pneumoniae at iftlusion. -

RESULTS

Demographic and clinical data. The characteris-
tics of the 186 patients included and treated in this
study are reported in Table 1 with those of the 2
subgroups: the subgroup of 36 patients infected with
petiicillin-resistant S. pneumoniae (MIC = 1 mg/l); and
the 150 patients who were not infected with penicillin-
resistant S. pneumoniae. The penicillin-registant iso-
lates were defined as high level intermediate penicillin
susceptibility (MIC = 1 mg/l) and resistant penicillin
isolates (MIC > 1 mg/l).

Three significant differences were observed between
the two subgroups: attending day care (P = 0.04);

temperature >38°C with signs of otalgia (P = 0.02); .

and age <2 years (P = 0.048). These factors were
independently predictive risk factors for patients with
penicillin-resistant S. pneumoniae.

Bacteriologic data. On inclusion 42 of 186 patients
were sampled in both ears, yielding a total of 228
samples. However, for 3 of these 42 patients only 1 of

- the 2 samples was mailed to the microbiology labora-
_tory. Thus 225 samples were analyzed: 188 (83.6%)

drawn by tympanocentesis; and 37 (16.4%) collected by
suction of the spontaneous otorrhea.

Cultures of 141 samples (62.7%) were positive and 84
(38.3%) were sterile. A single isolate was cultured from
107 samples (75.9%), and 29 samples (20.6%) contained
>1 isolate (24 contained 2 isolates and 5§ contained 3
isolates); in total 170 bacterial isolates were obtained.

Sixty-seven isolates of S. pneumoniae (89.4%) were
obtained from 59 patients (31.7% of the 186 patients).
Table 2 shows the distribution of those isolates accord-
ing to penicillin susceptibility. Of these 67 pneumococ-
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TABLE 2. Distribution-of Streplococcus pneumoniae
according to the penicillin susceptibility in 69 patients

Peaiilli (Hic ) No. of §. preumonice hﬁ&‘hmw

I3 .
%£0.06 13 12¢ (0.9t
0128 < MIC < l 11 11 (18.8)

>1 31 26° (¢4.1)
Total &7 69 (100}
* lnslnding paticats infested by §. preumenior in both eare.
* Numbers in parenthenes,

poresnt.
$ Twe valuss ehtained by B test and ast esafirmed by the refarencss sethed

cal isolates 13 had a penicillin MIC s 0.06 mg/; 52
isolates (77.6%) had decreased susceptibility to penicil-
lin (PRSP) with MIC = 0.125 mg/l (determined by agar
dilution); although 2 isolates had an MIC of 1 mgN
(evaluated by the E test, but not by the reference
method). Of these 54 PRSP isolates, 43 had a penicillin
MIC = 1 mg/); among those 31 were highly resistant to
penicillin (MIC > 1 mg/l) and they were isolated from
26 patients (14% of the 186 patients and 44.1% of S.
pneumoniae infected patients). None of the S. pneu-
moniae isolates was ceftriaxone-resistant (MIC = 2
mgll). MICg, oo to penicillin and ceftriaxone were,
respectively, 1 to 2 mg/l and 0.5 to 1 mg/l. Serogroups
were determined for 63 of 67 S. pneumoniae. The
distribution of isolates according to the serogroups and
to penicillin reduced susceptibility defined by MIC =
0.125 mg/l (PRSP) was as follows: serogroup 23 (15 of
16 PRSP), serogroup 14 (16 of 16 PRSP), serogroup 19
(11 of 15 PRSP), serogroup 6 (5 of 8 PRSP), serogroup
9 (6 of 6 PRSP) and other serogroups (0 of 2 PRSP).
Thirty of the 52 PRSP cultured isolates (57,7%) were
serogroup 28; 14 and 77.4% of the highly penicillin-
mmtmhucMC-ng’l)balongedtonro-
groups 14 and 23, respectively.

Sixty-one isolates of H. influenzae (35.9%) were ob-
tained from 66 patients (80.1%); 30 (49.2%) from 27

TABLE 1. Description of the patients with penicillin-resistant pneumococei and all others

AOM with

Inciuded and Peaicillin-resistant AOM without
Treated i Penicillin-resistant P
OV = 108 Patacte) aacx 1 met) o =15 Patienta
(N = 38 Patients)
characteristics
Age (mo.) 178131 141265 183 =141 032
Age <291 154 (82 34 (94.0) 120 (80.0) 0.0¢81
Male 101 (54.3) 18(60) 83(658.3)
Female 85 (48.7) 18 (50) 67(4d.7)
Wdl.‘lt . 105=29 99=18 108=3.1 0.36
Vaccinated against Hoemophilus influensae type b 84 (29.0) 14 (38.9) 40(26.6) 0.06
Vaccinated aguinst S. paeumoniae 16 (8.8) 2(5.8) 14(9.3) 0.74
Attending » day-care center 128(66.1) 29 (80.6) 94 (62.7) 0.04t
>88'9 + signs of otalgia 113 (60.8) 28(77.8) 85 (86.7) 0.02¢
Ouly signs of otalgia 28 (16.1) 4L 24(16.0) 0.61
Bﬂl&’d otitis . 89 (31.7) 13 (36.1) 48 (30.6) 082
Madical and surgicsl history 103 (65.4) . 23(8L1) 81(64.0) 0.69
History of recurrent stitis media 76 (40.8) 18 (50) 68 (38.6) 04
* Nambers ia parentheses, paresat.
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"patients (48.2% of the patients infected by H. influen-
zae) were beta-lactamase producers.

" “al S. pneumoniae was isolated from 46.8% and

(  sensce from 44.4% of the children with middle
eu. uuid-positive culture. S. pneumonice was associ-
ated with another species in 26.9% of the samples, and
H. influenzae in 831.1%. H. influenzae was associated to
S. pneumoniae in 68.4% of the samples.

Eight isolates of M. catarrhalis (4.7%) (87.5% beta-
lactamase producers) were obtained from 8 patients
(4.3%).In addition there were 13 isplates of Pseudomo-
nas aeruginosa (7.6%), 8 isolates of Enterobacteriaceae
(4.7%) (Enterobacter agglomerans, Escherichia coli,
Klebsiella oxytoca, Proteus mirabilis, Serratia marc.
escens), § isolates of Staphylococcus aureus (3%) and 8
isolates of various other species (Gram-negative rods,
Corynebacterium, Enterococcus faecalis, Staphylococe-
cus coagulase-negative, viridans Streptococcus, Strep-
tococcus pyogenes). Those organisms were considered
contaminants.

Bacteriologic profile of the failures according
to the prior oral antibiotic therapy. The average
duration of the antibiotic treatment before inclusion
was 6.9 = 2.65 days. The frequency of the different
prescriptions is detailed in Table 3. Erythromycin-
sulfisoxazole was statistically associated with penicil-
li~-vesistant infected patients (P = 0.006).

( "-the 53 S. pneumoniae isolated in patients treated
. -beta-lactam antibiotics, 6 isolates were suscepti-
bie to penicillin (MIC = 0.06 mg/l), 15 intermediate
susceptibility (0.125 mg/l < MIC < 1 mg/) and 32
resistant (MIC > 1 mg/l). Table 4 gives the bacterio-
logic profile of the failures according to the previous
oral antibiotic. The most frequently administered
drugs were amoxicillin-clavulanic acid (n = 80), oral
thn'd generation cephalosporins (n = 42), erythromy-
cin-sulfisoxazole (n = 22), first generation cephalospo-
rins (n = 19) and amoxicillin (n = 16). S. pneumoniae
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. cephalosporing(10.3%) but was significantly isola
" from patients treated with amoxicillin (P = 0.02).
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was most often isolated from patients previously
treated with third generation cephalosporins (69% of
the isolates) (P = 0.02). H, influenzae was rarely
isolated from patients treated by third generation
ted

DISCUSSION _

The children included were 5 to 70 months of age
with a mean age of 17.5 = 13.1 months. This i
suggests that young age is a risk factor for therapeutic
failure of oral antibiotic therapy administered for AOM
as reported in previous studies.>® Among patients
infected with penicillin-resistant S. -pneumoniae
(MIC-= 1 mg/l), children younger than 2 years were
more numerous (P = 0.048). The majority of the chil-
dren infected with penicillin-resistant S. pneumoniae
attended day care (80.6% vs. 66.1% of the whole study
population, P = 0.04). These data correlated with
previous studies.®*~% 3" In our study, age <2 years,
attending day-care center, temperature >38°C with
signs of otalgia and prior antibiotic treatment with
erythromycin-sulfisoxazole were independently statis-
tically associated with recovery of penicillin-resistant
pneumococci from the ear. By multivariate analysis
attending day care center (P = 0.04) and previous with
erythromycin-sulfisoxazole treatment (P = 0.006) were
predictive of infection by resistant pneumococci. The
percentage of failures with sterile cultures was 32%,
which is less than found in two previous reports:
49.8%° and 49%.1%

This study shows that PRSP (77.6% of pneumococcal
isolates) plays a role in the therapeutic failure of the
AOM in the Paris region, as previously suggested.? In
that study patients were treated for AOM with beta-
lactam antibiotics and 52 S. pneumoniae, including 10
intermediate penicillin-resistant isolates and 84 peni-
cillin-resistant, were isolated from middle ear fluid.

TABLE 3. Comparison of patients with penicillin-resistant pneumococci and all others
Previous Oral Antibiotic Thers Popn.nﬁnu : mm e
iotic Py . L . P
OV = 186 Patients) QMIC = 1 mgh) T
(N = 36 Patients) —

Previous antibiotic thers,

Administered for at least 3 days 114 (613 24(66.7) 90 (60.0)

Discontinued for <48 b T2(38.7) (333
Pru:rlb'u'l enl antibiotics © ’ ®ueo

Amaxicillin-clavulanic acid . 80 (43) 14(389) 68 (44.4) 0.86

Third generation cephalosporins 42(226) 7019.4) 35(23.3) 0.62

Erythromyein 22(118) 9 (25) 13(8.7) 0.008¢

First generation cephalosporins 19(102) 2(5.6) 17(119) 0.54

Amaxicillin 15(8.1) 2(5.6) 13(8.7) 04

Sulfonamide 2(1.1) 2(5.6)

Second generation cephalosporins 4(2.2) : 427 1

Macrolide 1(0.8) 10.7) 1

Penicillin V 1(0.8) 100.7) 1 - W

1P <008 menwy-mem-umNMJ“mmm’udﬂu h 3 p
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asgetive); trimetheprim-sulfamethenasele (5. pasumenioe, n = 3).

Similar data were obtained in our study. The distribu-
tion of serogroups was not very different from that
reported in 1994 and 1995 by the Centre National de
Référence des Pneumocoques. Serogroups 23 (25.4%),
14 (25.4%) and 19 (23.8%) were most prevalent in our

- study; those percentages reported by the Centre Na-

tional de Référence des Pneumocoques were, respec-
tively, 21.9, 21.6 and 15%.

Although S. pneumoniae, and particularly penicillin-
resistant S. pneumoniage, are clearly responsible
for many therapeutic failures, H. influenzae was iso-
lated from almost as many cases, gimilar to results
(55.1% 8. pneunwmae and 44.2% H. influenzae) by
Cohen et al.® Similar numbers of beta-lactamase- and
non-beta-lactamase-producing H. influenzae were iso-
lated from children who failed to respond to antibiotic
treatment. However, first generation cephalosporins
were more often associated with beta-lactamase-
producing H. influenzae and amoxicillin-clavulanic
acid was associated either with beta-lactamase: or
non-beta-lactamase-producing uolatu Few patients
who failed to respond to a third cephalospo-
rin treatment were infected with H. influenzae. Initial
antibiotic therapy might be more selective if bacterio-
logic and clinical data were considered; conjunctivitis
otitis syndrome for example is an indicator of the
involvement of H. influenzae, and the association of
otalgia and pain is suggestive of factors for S. pneu-
monige.® It would be also necessary to assess the risk
factors for penicillin-resistant S. pneumoniae (age <18
months, attendance in day care and having a history of
recurrent otitis media).
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Lidocaine as a diluent for :administratioil of

benzathine penicillin G

JACOB AMJR.‘MD, SHARON GINAT, MD, YISHAI HAIMI COHEN, MD, TALI EDLITZ MARCUS, MD,

NATAN KELLER, MD AND ITZHAK VARSANO, MD

Objective. Benzathine penicillin G is recom-
mended for secondary prophylaxis of rheumatic
-*~ver. Its main disadvantage is local pain and
-comfort associated with the injection. Lido-
ane as a diluent may reduce this discomfort. We
compared the administration of benzathine pen-
icillin G with two diluents; sterile water and
lidocaine hydrochloride 1% for penicillin concen-
trations and pain of injection.

Design. In a randomized double blind, cross-
over trial, 18 children ages 11 to 19 years who
required prophylactic treatment for rheumatic
fever were randomly divided into two groups.
One received an injection of benzathine penicil-
lin G diluted with 8.2 ml of sterile water, followed
1 month later by an injection of benzathine pen-

‘icillin G diluted in lidocaine hydrochloride 1%;
the second group received the same regimen in
the reverse order. Serum penicillin concentra-
tions and subjective pain sensation were deter-
mined after each injection.
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Results. Peak serum penicillin concentrations
at 24 b after injection were similar for both
preparations (0.100 ug/ml for water, 0.102 pg/ml
for lidocaine), as were the other serum values
measured throughout the month. After 28 days
detectable concentrations (20.020 pug/ml) were
found in 44 and 29% of the subjects, respectively
(P = 0.4). Urine penicillin concentrations on Day
28 were 1.81 = 0.25 and 2.81 + 0.25 ug/ml, respec-
tively. The pain score immediately after the in-
jection was significantly lower with the lidocaine
than with the sterile water dilution.

Conclusion. Use of lidocaine hydrochloride asa
diluent for benzathine penicillin G does mot
change the penicillin concentration in body flu-
ids and significantly reduces the pain of injec-
tion. We suggest the use of lidocaine hydrochlo-
ride 1% as a diluent for benzathine penicillin G.

INTRODUCTION

Rheumatic fever is the most serious nonsuppurative
complication of group A beta-hemolytic stre
infection. Despite the overall decrease in the incidence
and severity of acute rheumatic fever in develo

countries, interest in the disease has been renewed in .

t'espamet’ml'epoﬂf.tol'-e\mrnlc'mt.bmaks(lm'mgt-he|"t
decade.!? Because recurrent attacks are a frequent
complication of streptococcal infection, affected P#-
tients required continuous prophylaxis against group A
beta-hemolytic streptococci. A recommended regimen
is a monthly intramuscular injection of benzathin®

~ 0" ® M . M A e e
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The management of acute otitis media is complicated by the emergence of resistance to B-lactam and other
antibiotics among common pathogens. We conducted a large, international study of infants and children with

. acute otitis media to identify pathogens and susceptibility patterns. During the winter of 1994 to 1995, middie
" ear fluid samples were collected from 917 patients with acute otitis media in Bulgaria, the Czech Republic,
Hungary, Romania, Siovakia, Israel, and the United States. A single reference laboratory performed in vitro
susceptibility testing. Pathogens were isolated from 62% of the patients. For Streptococcus pneumoniae (30% of
the patients), untypeable Haemophilus influenzae (17%), and Moraxella catarrialis (4%), there was significant
variation among geographic regions (P < 0.001). The composite susceptibilities of these three organisms to
amorxicillin ranged from 62% in the United States to 89% in Eastern and Central Europe; the corresponding
susceptibilities to amoxicillin-clavulanate ranged from 90% in Israel to 95% in Eastern and Central Europe.
B-Lactamase was produced by 31 and 100% of the isolates of H. influenzae and M. catarrhalis, respectively. More
isolates of S. pneumoniae were susceptible to amoxicillin (90%) or amoxicillin-clavulanate (90%) than to
penicillin (70%; P = 0.002). The prevalence of rejistant S. preumoniac was highest in patients less than 12
months of age. S. pneumoniae, H. influenzae, and M. catarrhalis remain the most important bacterial pathogens
in patients with acute otitis media; however, their prevaience is variable and resistance patterns are changing.

Acute otitis media continues to be an important public
health problecm around the world. The most common bacterial
pathogen, Streptococcus pneumoniae, has been implicated as
part of the current antibiotic resistance crisis (33). The first
cases of penicillin-resistant S. pneumoniae were reported in
Australia and New Guinea in the early 1970s (21, 22). In less
than a decade, highly resistant strains that exhibited resistance
to multiple antibiotics were isolated from patients with invasive
infections, as well as from carriers, in South Africa (3, 28). The
prevalence of penicillin-resistant pneumococcal infections has
escalated steadily. The increasing use of day-care facilities pro-
vides a vector for transmission of resistant pneumococci (10,
39). International spread of resistant isolates has been docu-
mented (30, 32, 43), so that penicillin-resistant pneumococcal
infections have become a global problem (1, 2).

The optimal management of acute otitis media is widely
debated for many reasons (6, 20, 38), beginning at the most
basic level of medical management, because there is no con-
sensus regarding diagnostic criteria (5). The selection of anti-
biotic therapy is usually empiric because of the difficulty of
obtaining cultures. Although authorities usually agree that S.
pneumoniae and untypcable Haemophilus influenzae are the
most common bacterial pathogens (5), the prevalence of resis-
tance is not as well documented. Eradication of pathogens
from middle ear fluid and clinical outcome have been reported
10 be less favorable if pathogens with reduced antimicrobial
susccptibility are present (12, 19).

* Corresponding author. Mailing address: Department of Pathology,
University Hospitals of Cleveland, 11100 Euclid Avenue, Cleveland,
OH 44106. Phone: (216) 844-3484. Fax: (216) 844-5601.

To help answer these questions, we conducted a large, pro-
spective study of bacterial isolates associated with acute otitis
media. To minimize the risk of overlooking any isolates, espe-
cially penicillin-resistant S. preumonice, we evaluated a large
number of patients in several countries. Strict diagnostic cri-
teria for otitis media were used, including otoscopic findings of
middle ear effusion or purulent otorrhea and local indicators of
acute inflammation. This report summarizes the microbiolog-
ical findings on pretherapy middie ear fluid specimens ob-
tained from 917 patients with acute otitis media as part of a
prospective, multinational clinical study.

(The clinical results reported here were published previously
[23], and the preliminary microbiologic results were published
as abstracts {26, 27).)

MATERIALS AND METHODS

Patiests. Infants and children up 10 12 years of age who met strict criteria for
acute otitis media with effusion (23) were eligible for enroliment. The lower age
ﬁmﬂdhmm!mtmuwmlumdlsnlmd.hﬂmq‘
regulstory issues, 9 months in Eastern and Central Europe. Acute otitis media
was diagnosed on the basis of oloscopic findings of cither middie ear effusion or
purulent owrrhes with a duration of less than 24 h.

informed consent was obtained from perents or legal guardians. The prosocol
was spproved by institutional review boards at perticipating institutions.

Microblelegy. Middic ear fuid sampies were coliected by tympanocentesis of

had ruptured, ssmpies were coliacied on swabs_ Initial isolstion procedures were
performed on blood and chacolate agar piates, by local microbiology laborswo-
ries. snd all isolates recovered were forwarded 10 the refcrence laboratory of one
of the investigators (M.RJ.) for confirmation of identification and in vitro sus-
ceptibility testing. Isolates roceived at the reference laboratory were identified by
standard methods (34). Serotypes of penicillin-resistant S. pneumoniee isolatcs
were delermined by the Ststens Seruminstitut, Copenhagen, Denmark, courtesy
of Helle Bosscn Konrsdsen.
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TABLE 1. Culture results obtaincd by the specimen

collection method
No. of isolaics (% of paticnts)
; _ Ruptured .
Organizm(s) Tympanc= Mw'nic - Al
contesis o ane USiomy tuh:
S. prneumonise 241(33) 34(20) 42 M0
M. influenzsc 140 (19) 13(8) 3Inn 156 (17)
M. casarrhalis »(S) 1Q1) 0 40:;)
S. pyogenes 37(5) 27 (16) 2(11) 66 (7)
Mixed psthogens™ 303) _ 3@ 2(11) 8(3)
Conlaminant” or no growth 248(M) 91 (54) 7(39) M46(38)
T&ul 728 (80) 169 (18) 18 (2) 915 (100)

* Mixed pathogens were S. pnewnonise and H. influenzee (n = 10), S. prew-
monise and M. casarrhalis (n = 7), S. pneumonise and S. pyogenes (n = 4), H.
influenzee and M. casarrhalis (n = 3), and H. influenzee 3nd S. pyogenes (n = 4).

d sureus (n = 49) was interpreied as 3 contaminant.

© The method of specimen coliection from two petients, one with S swess and
one with no growth, was missing.

Susceptibility testing. MICs of penicillin, amoxicillin, amaxicillin-clavuisnatc,
erythromycin, clindamycin, trimethoprim-sulfamethoxazole, ictracycline, and
chloramphenicol were determined by the broth microdilution method of the
National Commitiee for Clinical Laburatory Standards with cation-adjusied
Mueller-Hinton broth (Difco Laboratorics, Detroit, Mich.) supplementcd with
5% lysed horse hlood for S. pneumanise (35). MICs of amoxicillin and smaoxi-
cillin-clavulanstc were detcrmined by using Haemaphilus test medium for Hee-
mophilus specics and Moruxcile (Branhamelia) casarrhalis (35). B-Lactamase pro-
duction was determincd for Hoeemophilus specics and M. casarrimlis by the
chromogenic cophalosporin method by using aitroccfin ax the subsirate (34).

MICs were interpreicd acconding to the National Commitiee for Clinieal
Laboratory Standards M 100-S6 informational suppiement (36). All B-lactamanc-
producing H. infl and M. rrialis mniates were imterprencd as resistant

. to amuwicillin, regardiess of the MICs.

Statistical design and snalysis. The Larget carollment was sct at AN s
ahblc paticnts w0 obtain 30 10 50 paticatx with acule olitis media due 0 X
pnewnonier solates that were intermediately or fully resistant to penicillin, Daa
from Eastcrn and Central Europe were combincd. Dala anahvses were per-
formed with SAS Institute satistical software (41). Log-lincar icchniques were
uscd to test for siatistichl independence of age (categurized). region of origin,
and pathogen prevalence for cach age group. Where the aull hypathesex of
independence were rejected. suhscquent analyses were conducicd at the appro-
priaic level of detail for comparisons between age groups and regions. One-way
analysix of variance or the Kruskal-Wallis test eomparcd means across regions.
Chi-squarc tests were uscd 1o 1est bivariate aull hypotheses of independence. P
valucs were adjustcd for multipic comperisnns as appropriate {16).

RESULTS

Patients. Specimens of middle ear exudate were obtained
from 917 assessable patients enrolled in the study during the
winter of 1994 to 1995. Twenty-one investigators from Eastern
and Central European countries enrolled 529 patients (58%).
Four investigators from Israel enrolled 107 patients (12%).
Ten centers in the United States, comprising six university-
affiliated hospitals and four private practices, enrolled 281 pa-
tients (31%).

Mean ages (= the standard deviation) were 4.6 = 2.9 years
in Eastern and Central Europe, 1.4 = 1.8 years in Israel, and
2.6 = 23 years in the United States (P = 0.0001, between
regions). Because of differences in the lower age limits of
eligibility, younger patients were enrolled in the <12-month
age group in the United States (mean, 7.8 = 2.3 months; n =
63) and Israel (mean, 6.7 = 2.7 months; n = 52) than in
Eastern and Central Europe (9.2 = 1.9 months; n = 25) (P =
0.0001, between regions).

Microbiology results. Specimens were obtained by tympa-
nocentesis (80%) or from the discharge from ruptured tym-
panic membranes (18%) or tympanostomy tubes (2%) (Table

ANTIMICROB. AGENTS CHEMOTHER.

1). Pathogens were isolated from 569 patients (62%). The most
frequently isolated pathogen was S. pneumoniae (30%), which
was followed by untypeable H. influenzae (17%), S. pyogenes
(7%), M. catarrhalis (4%), and mixtures of these pathogens

- (3%) (Fig. B

There were differences in the geographic distribution of
potentially resistant pathogens (i.c., pathogens that have de-
veloped antimicrobial resistance, namely, S. pneumoniae, H.
influenzae, and M. catarrhalis). Among the three geographic
regions, significant differences (P < 0.001) were found for the
following comparisons: any versus no pathogen, S. pneumoniae
versus no S. pneumoniae, S. pneumoniae versus H. influenzae
and M. catarrhalis, H. influenzae versus no H. influenzae, and H.
influenzae versus S. pneumoniae and M. catarrhalis.

The likelihood of isolating a potentially resistant pathogen
decreased with increasing age. In Eastern and Central Europe
the prevalence of resistant pathogens Tell from 73 to 40% at
the patients’ ages rose from <12 to >60 months (P = 0.008)
and from 57 to 44% as the ages rose from =35 to0 236 months~
(P = 0.006). In the United States, the corresponding preva-,
lence fell from 72 to 41% (P = 0.005) and from 72 to 62% (P =
0.03). There were not enough older patients in Israel to ana-

o Sasterm and Conwral Euwrepe

11 (285) 1238 (119) 36-90 (208) »>80(176) Tew! (329}
Age in Monthe {rumber of pahents)

SNED WNWU) N  0E)  Tew (107)
AQe in Months (number of patients)

S10000) 1236 (107) 3550 005) >80(29) Tewt POV}

Agein [ o

FIG. 1. Culture results of middie car aspiraics ohtained [rom paticnls in
Eastern and Central Ewrope, Isracl, and the United Suatcs.
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TABLE 2. Susceptibility of isolates tested at reference lahoratory.” including -ohts—fnm mixed infections
- S—  No.of suscoptible imsisics*/0tal no S isolates (% of isolates)
0 am(s) Amonicillin ‘ Amonicillin-cisvulanate
Burope lsrael Soued Total Europe lornel United Sutes Toul

S. pneumoniae 154/166 (93 19725 (76)  70/80 (88) 243/27) (90) 155/166 (93)  19/25 (76) 70780 (88) 2441271 (90)
H. influenzac 45/52 (§7)) 2331 (74)  36/64 (56) 102/147 (69) 52/52(100) 31731 (100) 63/64 (98) 146/147 (99)
M. caarrhalis /5 (0) - 0/4(0) 027 (0) 036 (0) 5/5 (100) 4/4 (100) 27127 (100) 36/36 (100)

Total 199/223(89) 42/60(70) 106/171(62)  345/454 (76) 212223 (95)  54/60 (90) 160/171 (94) 426/454 (94)

* isolates not received for testing were S pnewmonise (n = 29), H. influenzee (n -m.'»uu.w«_.- 14).

» Susceptidvility breakpoints: 05 ug/m! for 5. pnessmonier and 54 pg/mi for H. influenzee and M. casarrhalis. -

lyze this trend. Thé Tikelihood of isolating S. pneumoniae (P =
0.012) decreased in Eastern and Central Europe as the ages
rose from <35 to =36 months, but not in the other regions.
Susceptibility testing. In vitro susceptibility testing was per-
formed on 454 potentislly resistant pathogens that were re-
ceived in viable condition by the reference iaboratory. The
composite susceptibility to amoxicillin for S. pneumoniae, H.
influenzae, and M. catarrhalis was 76%, ranging from 62% in
the United States to 89% in Eastern and Central Europe
(Tablc 2). The corresponding susceptibility to amoxicillin-cla-
vulanate was 94% overall, ranging from 90% in Israel to 95%
in Eastern and Central Europe.
. Of 147 isolates of H. influenzae, 31% produced B-lactamase,
including 13% of 52 from Eastern and Central Europe, 26% of
- 31 from Isracl, and 47% of 64 from the United States. Of 36
isolates of M. catarrhalis, all produced B-lactamase.

Of 271 isolates of S. pneumoniae, 30% were intcrmediately
or fully resistant to penicillin, including 31% in Central and
Eastern Europe, 52% in Israel, and 21% in the United States
(P = 0.012). The prevalence of intermediately or fully penicil-
lin-resistant S. pneumoniae isolates was variable among Cen-
tral and Eastern European countries, ranging from 4% in the
Czech Republic to 41% in Romania (Table 3).

More isolates of S. pneumoniae were susceptible to amoxi-
cillin (90%) or amoxicillin-clavulanate (90%) than to penicillin
(70%; P = 0.002; Table 4). Figure 2 illustrates the distribution
of MICs of penicillin and amoxicillin; MICs of amoxicillin-
clavulanate were nearly identical to those for amoxicillin (data
not shown). The three g-lactam antibiotics had identical MICs
at which 50% of the isolates were inhibited (M1Cys (0.015
ug/ml) and MIC;s (1 ug/mi). However, while almost all fully
and intermediately penicillin-susceptible strains were suscep-
tible to amoxicillin and amoxicillin-clavulanate, penicillin-re-
sistant strains were all intermediately or fully resistant to these
ageats (Table 5). Susceptibilities to non-f-lactam antimicrobi-
als ranged from 59% for trimethoprim-sulfamethoxazole to
90% for chloramphenicol. When susceptibilities to other anti-
microbials were stratified by penicillin susceptibility (Table 5),
intermediately or fully penicillin-resistant isolates were more
likely to be resistant to trimethoprim-sulfamethoxazole (82
versus 23%; P = 0.001) and erythromycin (39 versus 4%: P =
0.001) than were penicillin-susceptible isolates.

The prevalence of resistant S. pneumoniae was highest in the
youngest age groups (Fig. 3). Values for intermediately or fully
penicillin-resistant isolates were higher in the <12-month age
group than in the =12-month age group jn all regions (48
versus 26%; P = 0.001) and in the United States (47 versus
13%; P = 0.001); the corresponding differences were not sta-
tistically significant in Eastern and Central Europe (47 versus
30%) or in lsrael (50 versus 13%). Amoxicillin-resistant S.

pneumoniae was isolated from 10% of all patients, and its
prevalence was highest in the <12-month age group in the
United States (37% of 19 patients) and in the 12- to 23-month
age group in lsrael (60% of S patients) and Eastern and Cen-
tral Europe (12% of 42 patients); however, these differences
were not significant. Analogous findings were obtained for
amoxicillin-clavulanate-resistant isolates of S. pneumoniac.
Erythromycin and trimcthoprim-sulfamcthoxazole resistance
was highest in the youngest and oldest children, but these
diffcrcnces were not significant.

Resistance patterns and serotypes were determined for 82
isolates of S. pneumoniae that were intcrmediately or fully
resistant to penicillin (Table 6). The most common serotypes
werce 6A (24%) and 23F (21%). The most common pattern was
resistance to penicillin and trimethoprim-sulfamethoxazolc
(38% of intermediatcly or fully resistant isolates), found in
cight scrotypes, followed by resistance to penicillin, tri-
methoprim-sulfamethoxazole, tetracycline, erythromycin, and
clindamycin (22%), found predominantly in serotype 6A, and
resistance to penicillin (13%), found in six scrotypes. Thirty-
nine isolates (48%) exhibited resistance to three or more an-
timicrobials.

DISCUSSION

To our knowledge, this is the largest multinational, single-
scason microbiologic study of infants and children with acute
otitis media. Bacterial pathogens were cultured from 62% of
the patients who had acute otitis media as defined by strict
diagnostic criteria. As expected, S. pneurnoniae and H. infiu-
enzae predominated, but the prevalence, age distribution, and
antibiotic susceptibility of these species varied among geo-
graphic regions. S. iae was more likely to be isolated
from patients in Eastern and Central Europe (35% of patients)

TABLE 3. Susceptibility of S. pneumoniae isolates from Easiern
and Central Europe to peniciliin

No. (%) of solastes

Country

. . Inermedisicly
no. of isolal . Incrmediaiel Fuli

¢ "=) Swmccptivie” resistant b resistant :":’:z‘
Bulgaria (32) 2] (66) 7(2) 4(13) 11 (34)
Cacch Republic (26) 25 (96) 1(4) 0(0) 1(4)
Hungary (13) 11(85) 2(15) 0(0) 2(15)
Romania (82) 48 (59) 31(38) 3(4) 34 (41)
Slovakia (13) 9(69) 3(23) 1(8) 4 (31)
All (166) 114 (69) 44 (27) 8 (5) 52(31)

© Susceptibie, $0.06 ug/ml: intermediate, 0.12 10 | ug/ml; resistant, &2 ug/ml.
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TABLE 4. Susceptibility of 271 isolates of S. pnewmonise 10 B-lactam antibiotics and other antimicrobials

Breakpoint (ug/mi) No. (%) of wolates
Antibiotic(s) . i ) - — Imermediat .
Susceptible et Full resisance  Swacepiible e Fully resistant
Penicillin . L =086 0.12-1 - z2= 189 (70) 59(22) 23(8)
Amoxicillin 0T =05 ] 22 - 243 (90) 13(5) 15 (6)
Amoxicillin-clavulanate =05 i =2 244 (90) 16 (6) 11 (4)
Erythromycin %0.25 05 21 231 (85) 0 40(15)
Clindamycin %0.25 05 =1 2411(89) 0 30(11)
Trimethoprim-sulfamethoxazole =05 1-2 =4 161 (59) 0 110 (41)
Tetracycline =2 4 28 210(77) 9(3) 52(19)
Chloramphenicol =4 NA® =8 245 (90) NA 26 (10)

* NA, not applicabic.

than from those in Israel (21%) or the United States (26%). In
contrast, the prevalence of H. influenzae was higher in Israel
(27%) and the United States (26%) than in Eastern and Cen-
tral Europe (11%):Finally, the prevalence of M. catarrhalis was
highest in the United States (12%), while the prevalence of S.
pyogenes was highest in Eastern and Central Europe (10%).

While the identity of the organisms is not surprising, our
findings, in agreement with those of other investigators, sug-
gest that resistance patterns are changing. The proportions of
fully or intermediately penicillin-resistant S. pneumoniae iso-
lates are high, ranging from 30 to 50% in recent studies (7, 12,
15, 17, 19, 31, 40), each involving 61 1o 155 isolates of S.
pneumoniae from middle ear fluid. Intermediately penicillin-
resistant isolates predominate in some regions, such as south-
ern Isracl, where Dagan et al. (15) reported that 38% of S.
pneumoniae isolates werc intermediately resistant and only 4%
were fully resistant. In contrast, fully resistant isolates predom-
inatc in Paris, where Gehanno et al. (19) reported that 38% of
isolates were fully resistant and only 12% were intermediately
resistant. Numbers of intcrmediately or fully penicillin-resis-
tant S. pneumoniae isolates from middle ear fiuid were similar
to (15, 24, 40) or higher than (8, 9, 17, 29, 44) those associated
with invasive pnesmococcal infections. Of 271 isolates of S.
pneumoniae tested in our study, 30% were intermediately or
fully resistant to penicillin and 8% were fully resistant. Inter-
estingly, the prevalence of intermediately and fully penicillin-
resistant S. pneumoniae isolates from Central and Eastern Eu-
rope in our study matched the prevalence of fully resistant
nasopharyngeal isolates from children in the same countries
(4). Finally, 48% of intermediately and fully penicillin-resistant
isolates were resistant to multiple antimicrobial classes in our
study.

Only 10% of the isolates of S. pneurnoniae were resistant to

amoxicillin or amaoxicillin-clavulanate in our study, with no

—difference in activity between the latter two agents against this
species. Doem et al. (17) reported that many isolates of pen-
icillin-resistant S. preumoniae were susceptibie to amoxicillin
or amoxicillin-clavulanate; amoxicillin and amoxicillin-clavu-
lanate were more active against penicillin-resistant S. pneu-
monige isolates than was cefuroxime and nearly as active as
cefotaxime and ceftriaxone (17). Furthermore, Craig and
Andes (11) evaluated the ability of currently approved dosage
regimens, including B-lactam agents, macrolides, and tri-
methoprim-sulfamethoxazole, to provide concentrations above
the MIC,,, for at least 40% of the dosing interval. Amoxicillin-
clavulanate and ceftriaxone were considered the best available
antibiotics for covering the bacterial pathogens associated with
otitis media, including intermediately and fully penicillin-resis-
tant S. pneumoniae (11).

The most frequently isolated pneumococcal serotypes in our
study were 6A (24%) and 23F (21%), while serotypes 9V, 14,
and 19F collectively accounted for 37%. These serotypes also

dominated in other studies of intermediately or fully pen-
cillin-resistant S. pneumoniae isolated from middie ear fluid
(7, 15, 40), other sites (8, 9, 17, 24, 29, 42, 44), and nasopha-
ryngeal carriers (4, 13, 14).

Resistance to amoxicillin'was common among nonpneumo-
coccal organisms. Thirty-one percent of the isolates of H. in-
fluenzae produced B-lactamase, including 47% of those from
the United States. Similarly, 51% of the H. influenzae isolates
produced B-lactamase in a recent multicenter study of middle
ear isolates from the United States (31). All isolates of M.
catarrhalis produced B-lactamase in our study and, similarly, in
a study of patients from rural Kentucky (7).

Young age appears to be an important risk factor for isola-
tion of a bacterial pathogen from middle ear fiuid and for

e e ——
gm T im- T susceptiie
= 0 b 80 4

[ ] 0
g “© M, g 40-” MIC,,

’: Doslsnl. iy ﬂﬂnhl‘ll‘ .

05’99“099"0999 STVt e

MIC (up/ml)
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FIG. 2. MICs of penicillin and amoxicillin for 271 isolates of S, pneumoniec.
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TABLE S. Susceptibility of 271 isolates of S. pneumonioe to various antimicrobials with respect to penicillin susceptibility

o

- = No.T) of isolates”
Antibiotic(s) Penicillin susceptibie® imermedistely penicillin resistant” Fully peaicillin resistant”
s 1 R s 1 R s 1 R

Amonicillin 189(100) O 0 6(95) 35 0 0 9(39)  14(61)
Amanicillin-cisvulanate 189(100) O 0 570 203) 0 0 13(57)  10(43)
Erythromycin 181 (96) 0 ) 34(58) O 25(42)  16(70) 0 7(30)
Qlindamycin - 186(98) 0 3(2) 3%6(61) O 23(39) 19(83) 0 4(17)
Trimethoprim-sulfamethoxazole 145 (77) 0 “(23) 1404 O 45 (76) 1(4) 0 22 (96)
Tetracycline 162 (86) 74  22001) 37(63) 2(3) 2004 13(5) 0 10 (43)
Chiloramphenicol 177 (94) NA®  12(6) 52(88) NA 7(12)  16(70) . NA 7(30)

:&-?MLMML'&MI,ML
n =189, -

‘n=59

“am 3

“NA, not spplicable.

antibiotic resistance. In our study, bacterial isolation was high-
est for the youngest patients and declined progressively with
increasing age. In addition, the penicillin resistance of S. pneu-
moniae was higher in younger patients and occurred in nearly
half of those in the <12-month age category. In contrast,
isolates of S. pyogenes were found primarily in older children.
~~ Although we are not aware of previous reports of an associa-
tion between age and the likelihood of isolation of a bacterial

" . pathogen, others have described an association between yourig

age and penicillin resistance of S. pneumoniae isolated from
* middle ear fluid (7, 40) or from other sites (8, 9). Hypoimmu-
nogenic serogroups, mainly groups 6, 9, 14, 19, and 23, are
most often carried by infants and young children (4, 14, 18, 25),
whereas other serogroups are usually carried by older patients.
Because infants and young children are more frequently
treated with antibiotics, the corresponding serogroups are
more likely to be exposed to antibiotics and therefore may be
more likely to develop resistance than other serogroups.

Our microbiologic findings may have clinical implications
because the selection of antibiotic therapy for intermediately
or fully penicillin-resistant S. pneumonize infections depends
on patient factors, such as site of infection, and on antibiotic
factors, such as route of administration. While serious pneu-
mococcal infections such as meningitis require treatment with
high-dose parenteral cefotaxime, ceftriaxone, vancomycin, or
possibly a carbapenem (18, 25), the need for these antibioti
is not clear in the case of nonmeningeal infections. In a recent
study of patients with pneumococcal pneumonia from Barce-
lona (37), parenteral penicillin therapy produced comparable
outcomes and similarly low mortality, regardiess of whether
the infection was caused by penicillin-resistant or -susceptible
isolates. The need for parenteral agents in patients with acute
otitis media is especially doubtful because of the low morbidity,
high frequency of spontaneous recovery, and frequent resolu-
tion of clinical signs and symptoms, despite the persistence of
bacteria in middie ear fluid (5, 6, 18). However, Gehanno et al.
(19) and Dagan et al. (12) reported an increased risk of clinical
and microbiologic failure when oral B-lactam antibiotics with
reduced activity against penicillin-resistant S. pneumoniae (i.c.,
cefaclor or cefuroxime axetil) were administered. On the other
hand, the clinical response to amonicillin-clavulanate therapy
was independent of penicillin susceptibility in children with
pneumococcal otitis media in the clinical analysis (23) of our
study. In addition, our finding of a 23% improvement in the
composite susceptibility of potentially resistant pathogens after
addition of clavulanate to amoxicillin suggests that this com-

bination may be appropriate for acute otitis media, panticularly
in the United States, where B-lactamase-producing organisms
were most prevalent.

Our findings underscore the need for additional studies to
assess the clinical relevance of our findings. In the meantime,
practitioners should familiarize themselves with local microbi-
ologic surveillance data. Our findings also underscore the need
for vaccines to prevent colonization with otitis media patho-
gens, as has been achicved with H. influenzae type b conjugate
vaccines in preventing bacteremia and meningitis due to this
organism. While the current pneumococcal polysaccharide
vaccines are poorly immunogenic in children under 3 years of
age, conjugate pneumococcal vaccines, which should include
serotypes associated with resistance, should greatly reduce the
spread of these organisms (13) and the occurrence of discase in
infants and young children. Development of vaccines against
untypeable H. influenzae and M. catarrhalis could have similar
efficacy against these species, but this approach has not been

T A0
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FIG. 3. Distribution of 27] isolates of S. preumonise by age group and
antibiotic susceptibility.
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TABLE 6. Antibiotic resistance punmandmypeof?sh:’l’y penicill aamt i

ANTIMICROB. AGENTS CHEMOTHER.

isolates and 59 intermediately penicillin-resistant isolates

S. pneumoniac -
Nao. of wolates
csistance Toxal
palicra” 6A 6B 9V 7] 19A 19F DA JF Other* *)
—— —

P I 4 1 2 | - 2 11(13)
PE 1 1(1)

PS 2 1 6 4 2 2 ] 3 31(38)
PEQ 1 1(1)
PTEC ] 1 2(2)
PECIS 4 4(5)

PTECIS 13 2 1 1 1 18(22)
- > 2(2)

PCTS 2 5 } 8(10)
PCTES 2 2(2)
PCTECIS 2 2(2)

Total — 20 4 10 13 3 - 7 2 17 -~ 6 82 (100)

“ P, penicillin; E. crythromycin: S,

lfamcthozaznle; T, tetracycline: Cl, clindamycin; C, chioramphenicol.

trimcthoprim-aul
 Others belonged to scrotype S (1 = 1) or 1S (n = 2) or were untypeabie (n = 3).
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INTRODUCTION

Streptococcus pneumoniae is one of the most common or-
ganisms causing upper respiratory, lower respiratory, and in-
vasive infections in children and adults. Management of pneu-
mococcal infections used to be relatively straightforward, and
peaicillin generally was the antibiotic of choice. However, the
worldwide emergence of antibiotic resistance among S. pneu-
moniae isolates has changed this approach (7, 83). The rapid
development and spread of penicillin resistance and multiple-
antibiotic resistance have occurred as a result of multiple fac-
tors, but prior antibiotic use, young age, and day care atten-
dance are the most commonly ideatified risk features (7, 78).
- The mechanisms and prevalence of antibiotic resistance for S.

iae have been the subject of numerous reviews (7, 28,
83) and will not be discussed further. The management of
infections due to antibiotic-resistant S. pnawnoniae is the focus
of this article. Since the degree of antibiotic resistance contin-
ues to change and increase, the approach to managing these
. infections must be modified in response to these changes. Fur-
thermore, there is no general agreement among experts how to
best treat all pneumococcal infections due to resistant strains,
especially those outside the central nervous system.

In vitro susceptibility studies of the activity of antibiotics
against resistant S. pneumoniae, animal models, case reports,
and series of cases are the primary sources of data upon which
treatment strategies are based. However, the intetpretation of

. ing author. ing address: T Children”: i
1al, MC-3-271?:§21 Fm'm'm TX 77030.“ Phoone: Oslsm
4330. Fax: (713) 770-4347. E-mail: skaplan@bem.tme.edu.

treatment failures may be complicated. For example, in pa-
tients with an underlying {liness and thus predisposed to pneu-
mococcal infection, is a poor clinical outcome related to treat-
ment failure when repeat cultures are negative for S.

, OF is this the natural of the infection?
Unfortunately, no large clinical trials have been able to address
thisquesﬁon.lnaddiﬁon.ﬁneemormagents;hnm
active against penicillin- and cephalosporin-resistant S. pneu-
moniae are often included in the initial empirical antibiotic
regimen for a patient, the efficacy of a single agent, especially
penicillin alone, cannot be assessed. Keeping all of these fac-
tors in mind, we have summarized what is known about the
management and outcome of infections due to antibiotic-re-
sistant S. pneumonice. In this review, the 1997 MIC interpre-
tive standards from the National Committee on Clinical Lab-
oratory Standards are used to categorize pneumococcal
isolates as le, intermediate, or resistant to the antibi-
otics under discussion (102). These breakpoints for the paren-
teral beta-lactam agents are based primarily on clinical out-
come data for pneumococcal meningitis. Higher breakpoints
are appropriate for non-central pervous system infections, and
revised breakpoints are being proposed based on the site of
infecti pharmacokinetic/pharmacodynamic consid-

BACTERIAL MENINGITIS

Several reports of treatment failures related to pneumococ-
cal isolates with decreased ility to penicillin were pub-

susceptib
lished in the 1970s (2, 59, 90, 101, 112). In these cases, pneu-
mococci with penicillin MICs between 0.1 and 1.0 pg/ml were

oAbl SRR
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TABLE 1. Failure of broad-spectrum cephalosporins to treat pneumococcal meningitis®

Therapy (mghghdey)

- - MIC (png/mi) of:

. i = Ret
Location Age Penicillin Celotaxime Cefiriaxone
United States _
San Diego 25yr Ceftriaxone (100)" 0s 2 2 4
Memphis 13mo Cefotaxime (200)° 025 32 16 133
13 mo Cefuroxime (150) 4 8 8 133
4mo Cefotaxime (200) 0S5 8 4 133
- 11 mo Cefotixime 2 16 8 85
Dallas 9mo Ceftriaxone (80) 2 4 4 55
Indianapolis 28 mo Ceftriaxone (90)" 4 2 2 81
Ann Arbor 6mo Cefotaxime (200)° 2 >2 >2 76
Providence -~ 33yr Ceftriaxone (4 g)° _ 14 14 R 1.0 88
Rochester -S3yr Cefotaxime (12 g) - 4 2 ~ ND 107
Spain 6yr Cefotaxime (200) and chloramphenicol - 2 ND 3
19 mo Penicillin (500,000 U) and cefotaxime (150) and 1 2 ND 12
icol (100)
18 mo Penicillin (500,000 U) and cefotaxime (200 and 300) 1 0s 0.05 11
Vyr Cefotaxime (240) 1 ND . 32
France 85mo Cefotaxime (200) and aminoglycoside 2 2 ND 69
11 mo Cefotaxime (200)" or amoxicillin (250) and netilmicin 4 2 ND 69
“ Dexamethasone administered.

# Repeat CSF cultures positive for S. pnemonise on treatment
“ ND, not determined.

" associated with microbiologic and/or clinical treatment failures
-in patients with bacterial meningitis being administered peni-
cillin. These cases led to the conclusion that penicillin at rou-
tine doses did not result in high enough levels in the cerebro-
spinal fluid (CSF) of patients with bacterial meningitis (peak,
about 1.0 pg/ml) (6, 73) to reliably treat meningitis due to
pocumococcal strains “relatively resistant™ to penicillin. At
that time, ampicillin and chioramphenicol were the standard
empirical agents for suspected bacterial meningitis in children.
Chloramphenicol was considered an acceptable alternative
agent to complete therapy if a penicillin-resistant S. pneu-

moniae isolate was recovered, which at that time was still an

infrequent occurrence.

By the mid 1980s, ceftriaxone or cefotaxime were typically
recommended for empirical treatment of children with sus-
pected bacterial meningitis (94). S. preumoniae isolates were
uniformly susceptible to these extended cephalospo-
rins. However, by the early 1990s, as penicillin-resistant pneu-
mococcal isolates became more common throughout the
world, treatment failures associated with cefotaxime or ceftri-
axone administration for pneumococcal meningitis were re-
ported (Table 1). In such cases, the cefotaxime or ceftriaxone
MICs for the pneumococcal isolates were generally 22.0 pg/
ml These infected children did not improve on therapy, and
repeat CSF culture remained positive after one or more days
of treatment. Other investigators reported successful treat-
ment with cefotaxime or ceftriaxone when the agents had
MICs of 1.0 pg/ml for these isolates, a value now considered
intermediate susceptibility (137). (Therapy failed in one adult
infected with an §. iae isolate for which the cefo-
taxime MIC was 1.0 ug/mi [32]).) There also was one case of a
12-month-old child with pneumococeal meningitis whose ini-
tial isolate had penicillin and ceftriaxone MICs of 0.12 and 0.06
pg/ml, respectively. After 10 days of treatrhent with both pen-
icillin and cefotaxime, fever reappeared while the patient was
still on therapy; a repeat CSF culture again grew S. pneu-
moniae, now with penicillin and cefotaxime MICs of >1.0 and

1.0 ug/ml, respectively. Thus, resistance to f-lactam antibiotics
increased during treatment of this child (100). It is also possi-
ble that a resistant subpopulation was selected by antimicrobial

Friedland and Klugman (52) reported that children with
pneumococcal meningitis due to penicillin-nonsusceptible iso-
lates (most intermediate susceptibility) treated with chloram-
phenicol had serious neurologic deficits more frequently than
did children with penicillin-gusceptible strains who received
benzylpenicillin. The jcilli tible isolates had
increased chioramphenicol MBCs compared with the penicil-
lin-susceptible isolates; this was probably associated with de-
creased bactericidal activity in the CSF. The authors recom-
mended that no longer be regarded as an
alternative agent in treating meningitis due to S. pneumoniae
nonsusceptible to penicillin.

Various management strategies for treating pneumococcal
meningitis due to antibiotic-resistant strains have been evalu-
ated in a rabbit model. Following inoculation of an S. pneu-
moniae strain resistant to ceftriaxone (MIC, 2 to 4 ug/ml), high
doses of ceftriaxone did not lead to adequate killing and bac-
tericidal activity in CSF (54). However, the combination of
vancomycin plus ceftriaxone was synergistic and superior to
vancomycin therapy alone. In contrast, meropenem, a new
carbapenem approved for treatment of bacterial meningitis in
children as well as adults, was not particularly active despite
achieving peak concentrations in CSF that were eightfold
greater than the MIC. When dexamethasone was administered
initially just before antibiotic treatment, lower levels of vanco-
mycin and ceftriaxone were achieved in CSF, which was asso-
ciated with delayed clearance of bacteria (29, 114). In contrast,
dexamethasone did not affect the penetration of rifampin into
the CSF. From these studies, it was concluded that ceftriaxone
and rifampin should be used together for bacterial meningitis
if dexamethasone is administered for the first 2 to 4 days of
therapy.

M&yy patients with pneumococcal meningitis due to strains
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TABLE 2. Treatment of pneumococcal meningitis: modifications based on antibiotic susceptibilities

Penicillio MIC 4 o one MIC Therapy
-~ ‘ugml) (ngml) Childrer” Adults
=05 Penicillin 300,000-400,000 U every 4 or 6 b 300,000 U every 4 or 6 h up to 24 x 10* U
—ul =05 Cefotaxime or = 200-225mgevery6or8h = “2gevery6h
ceftriaxone 100 mgevery 120r 24 h ) 2gevery12h
1.0 Cefotaxime or 300 mgevery6or8h 300 mg* (up to 24 g soxal)
ceftriaxone plus 100 mg every 120t 24 b 2gevery12h
vancomycin 60mgevery 6 b 60 mg® every 6 h (up s0 2 g toxal)
=20 Same as for 1.0 pg/ml
plus rifampin 20 mg every 12 h 300 mg every 12 h

‘_Duamgm-mmtﬂopmptay.

resistant to the extended-spectrum cephalosporins have been
treated successfully with vancomycin alone or in combination
with other antibiotics. Nevertheless, the efficacy of vancomycin
in treating pneumococcal meningitis has been questioned by
some investigators. Viladrich et al. (144) considered that four
adults with pneumococcal meningitis treated with standard
doses of vancomycin (7.5 mg/kg every 6 b) and with “recrudes-
. cence” of symptoms of meningitis had failed to respond to
therapy; all the patients had an immediate clinical response
after the antibiotic therapy was changed. Two of these patients
had positive CSF cultures after 4 or 8 days of vancomycin
treatment. The patients also received dexamethasone, 0.25 mg/
kg, every 6 h for 4 days. One of the concerns was that dexa-
methasone may have altered penetration of the i
into the CSF. However, in children, dexamethasone may not
interfere with the penetration of vancomycin into CSF (82). In
nine children with bacterial meningitis, the mean vancomycin

'el in CSF was 33 = 1.1 pg/ml (range, 2 to 5.9 ug/ml) 2 to

-1 after a 15-mg/kg dose administered every 6 h for 24 10 48 h.
they also were receiving dexamethasone at 0.6 mg/kg/day in
four doses for 4 days. Although there was no control group not
receiving dexamethasone, the penetration of vancomycin into
the CSF was thought tg be reliable. Similarly, ceftriaxone levels
in CSF were not affected by dexamethasone therapy (57).

Based on these studies, some experts believe that if adjunc-
tive dexamethasone is used, cefotaxime or ceftriaxone plus
vancomycin remains suitable for children but rifampin plus
ceftriaxone is the preferred regimen in adults, in whom dexa-
methasone administration may alter the penetration of vanco-
mycin into the CSF (122). However, there are no human stud-
ies confirming these recommendations for adults.

Another approach to overcoming resistance is to increase
the dose of certain antibiotics to achieve higher concentrations
in the sera and subsequently in the CSF. Viladrich et al. (143)
treated six patients with pneumococcal meningitis (seven epi-
sodes) caused by isolates with decreased susceptibility to cefo-
taxime (MIC = 1.0 ug/ml in five episodes and 2.0 ug/ml in two
episodes). Cefotaxime was administered at a dose of 300 mg/
kg/day with a maximum daily dose of 24 g. All patients expe-
rienced prompt clinical improvement.

The Committee on Infectious Discases of the American
Academy of Pediatrics has established guidelines for children
with serious infections possibly caused by S. pneumoniae (34).
For infants and children older than 1 month with suspected
bacterial meningitis, the combination of cefotaxime or ceftri-
axone and vancomycin should be administered initially. The
recommended doses are as follows: cefotaxime, 225 to 300

ng/kg/day in three or four divided doses; ceftriaxone, 100
mg/kg/day in one or two divided doses; vancomycin, 60 mg/kg/
day in four divided doses. Modification of therapy is based

upon the isolate’s susceptibility to penicillin and cefotaxime or
ceftriaxone, and our recommendations are. outlined in Table 2.

In"addition to the clinical data by Viladrich et al. (143), two
groups have measured the bactericidal activity of CSF follow-
ing high-dose (300-mg/kg/day) cefotaxime therapy in children
with bacterial meningitis. Friedland and Klugman (53) col-
lected CSF at 2, 4, 6, or 8 h after a 100-mg/kg/dose adminis-
tered every 8 h for 24 to 48 h. All the children also received
dexamethasone (0.3 mg/kg every 12 b) intravenously. The bac-
tericidal activity in CSF was measured against pneumococcal
strains that were either susceptible, intermediate, or resistant
(MIC = 4 pg/ml) to cefotaxime. Bactericidal activity was de-
fined as greater than 99.9% killing of the inoculum. In 18 CSF
specimens, bactericidal activity was detected in 17 (94%), 13
(72%), and 8 (44%) for the cefotaxime-susceptible, -interme-
diate, and -resistant strains, ively. Only three of nine
specimens obtained 6 to 8 h after infusion had bactericidal
activity. Curiously, there was no correlation between the con-
centrations of cefotaxime or its metabolite, desacetyl-cefo-
taxime, in CSF and bactericidal activity. The authors con-
cluded that in some patients the higher doses of cefotaxime
still may not lead to sufficient bactericidal activity in CSF

inst pneumococcal strains intermediate to cefotaxime.

Doit et al. (42) conducted a similar study, except that chil-
dren with bacterial meningitis were treated with cefotaxime
(300 in four divided doses) and vancomycin (60
mg/kg/day in four divided doses) without adjunctive dexameth-
asone. Bactericidal activity was defined as the highest dilution
that killed 99.9% of the initial inoculum. The MIC of cefo-
taxime for the test pneumococcal strain was 1.0 pg/mi. CSF
was obtained 2 h after at least the fifth infusion. The bacteri-
cidal titers in CSF were 1:16, 1:8, 1:4, 1:2, and <1:2 for one,
four, seven, five, and two patients, respectively. The median
conceatration of cefotaxime or vancomycin in the CSF was 4.4
and 1.7 ug/ml, respectively. Again, there was no clear correla-
tion between the concentrations of antibiotics in the CSF and
the bactericidal titer; in many cases, much greater bactericidal
activity was noted than would be predicted from the concen-
trations measured. This finding is consistent with at least ad-
ditive activity between cefotaxime and vancomycin in vivo
against S. pneumoniae (54). .

The outcome of pneumococcal meningitis in children or
aduits has not been carefully assessed in the era of antibiotic-
resistant strains and since the general recommendations for
adding vancomycin routinely to extended-spectrum cephalo-
sporins for initial empirical therapy have become routine. Ar-
diti et al. (9) retrospectively evaluated 180 episodes of pneu-
mococcal meningitis in children over a 3-year period in eight
children’s hospitals. Of the isolates, 13% were intermediate
and 7% were resistant to penicillin; 7% were nonsusceptible to
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ceftriaxone (2.8% were resistant). There were no bacteriologic
treatment failures among the patients with isolates nonsuscep-
tible to ceftriaxone. Fourteen patients digd: none of the deaths
incidence of neurologic sequelac was no different for the pa-
tieats with isolates monsusceptible to ceftriaxone compared
with those whose isolates were susceptible. Only five patients
with isolates nonsusceptible to ceftriaxone received primary
vancomycin therapy (two received meropenem).

The Centers for Disease Control and Prevention reported
on the therapy and outcome of meningitis in
three U.S. cities (Atlanta, Baltimore, and San Antonio) from
November 1994 through April 1996 (99). A total of 110 cases
were identified; 40% of the isolates were nonsusceptibie to
penicillin, and 15% were resistant. However, penicillin-nonsus-
ceptible strains were not associated with excess mortality or a
longer duration of hospitalization.

Newer Agents for Treating Meningitis due to
: Antibiotic-Resistant S. pneumoniae

Both cefepime, a broad-spectrum cephalosporin, and mero-
penem, a carbapenem antibiotic, bave been evaluated in clin-
ical trials for the treatment of bacterial meningitis. Cefepime
has activity equivalent to cefotaxime or ceftriaxone against
penicillin-resistant S. pneumoniae. Séez-Liorens et al. (124)
compared cefepime with cefotaxime in 90 children with bacte-
rial meningitis. The mean concentrations of cefepime in CSF
ranged from 3.3 to 5.7 pg/ml 0.5 to 8 h after a dose. Sequelae
were equivalent between the two groups. However, no penicil-
lin-resistant pneumococci were identified in the study, and so
the effectiveness of cefepime for treating pneumococeal men-
mptxsduetorumantmeouldnotbelmedmdthus
remains unknown.

Meropenem is approved for truung bacterial memngms in
infants, children, and adults. The in vitro aumty of mero-
penem for penicillin-resistant S. pneumoniae is 1 to 2 dilutions
hx;herthmthatofmpenem, the MIC at which 90% of the
isolates are inhibited (MIC,y) is 0.5 ng/ml for penicillin-resis-
tant strains. The activity against strains resistant to cefotaxime
and ceftriaxone has not been well defined (118). Meropenem
concentrations in CSF during meningitis range between 0.3
and 65 pg/ml after a 40-mg/kg dose, generally above the
MIC,, for strains resistant to suggesting that mero-
penem may be effective therapy (38). In vitro, the killing ac-
tivity of meropenem at 3 uﬂmlamﬁs.pummeno-
lates was equivalent to that of ceftriaxone plus vancomycin at
8.8 ug/mi and 2.0 pg/ml, . These are mean concen-
trations of the antibiotics in CSF after two doses (48). In one
large multicenter trial involving 190 children with bacterial
meningitis, 21 pneumococcal isolates were recovered; the ce-
fotaxime MICs for 3 of the isolates were 0.5 pg/ml (84). Only
one of these patients reccived meropenem. In ongoing studies
of meningitis, a handful of other children with strains nonsus-
ceptible to cefotaxime have received meropenem (25). Al-
though meropenem is an alternative to extended-spectrum
ccplnlosponns. much more experience with the drug is re-
quired before it can be recommended as an effective antibiotic
for the treatment of antibiotic-resistant pneumococcal menin-
gitis.

Trovafioxacin is one of the fluoroquinolones active in vitro
against S. pneumoniae, including strains resistant to cefotaxime
and ceftriaxone (17). Two studies of experimental meningitis in
rabbits indicated that administration of trovafloxacin results in
effective bactericidal activity in the CSF against in- or
cephalosporin-resistant pneumococei (80, 113). In children
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without meaingeal inflammation, 22 to 30% of a concomitant
level in serum is achieved in the CSF of children after treat-
ment wih alatrovafioxacin, the intravenous form of trovafioxa-
cin (8). These levels are in excess of the concentrations of
trovafioxacin needed to inhibit S. pneumoniae in vitro. Clinical
studies may prove that trovafloxacin is an appropriate alterna-
tive agent for pneumococcal meningitis.

Dexamethasone

The use of adjunctive dexamethasone in addition to antibi-
otics for the treatment of pneumococcal meningitis remains
somewhat controversial (127). The number of patients with
pneumococcal meningitis enrolled in randomized trials of
dexamethasone versus placebo was relatively small, and the
timing of dexamethasone administration was not standardized
in these studies. In two studies conducted in Turkey and Egypt,
dexamethasone was associated with decreased hearing loss (66,
77). For the largest number of children with pneumococcal

(n = 33) enrolled in a single study in the United
States, bilateral hearing loss (3 of 11 children) was no different
in the dexamethasone-treated children than in those receiving
placebo (2 of 20) (147). However, this study has beén criticized
because dexamethasone was not given routinely just before or
concomitant with the first dose of parenteral antibiotics. Nev-
ertheless, in this study, dexamethasone was associated with a
significant reduction in hearing loss for children with menin-
gitis due to Heemophilus influenzae type b. In addition, inflam-
matory parameters were diminished to an equivalent degree in
experimental pneumococcal meningitis when dexamethasone
was administered 30 min before or 60 min after ampicillin
treatment (89). In a retrospective analysis of children with
pneumococcal us.Ardmetal.(9)foundnobeneﬁt
with respect to hearing loss for children dexametha-
sone either before or up to 1 h after the first dose of parenteral
antibiotics compared with children never receiving any dexa-
methasone. A recent meta-analysis of randomized clinical tri-
als of dexamethasone as adjunctive therapy in bacterial men-
ingitis has concluded that “if commenced with or before
parenteral antibiotics, (available evidence) suggests benefit for
in childhood™ (95).
The Committee on Infectious Diseases of the American
of Pediatrics recommends that dexamethasone
should be considered for the treatment of infants and children
with meningitis (5). There are also uncertainties
about the value of dexamethasone use in adults, and even
fewer studies have been performed with adults than with chil-
dren. Some experts recommend dexamethasone for adults with
meningitis with a positive Gram stain of CSF ( of a
high concentration of bacteria in the CSF) and evidence of
increased intracranial pressure (122).

Repeat Lumbar Puncture

Fotlnypmentwhosnotmpmugasapeaedorwbobs
isolate for which the cefotaxime or ceftriaxone
MlCuzzon;ImLanputlumbupumthowhmcr
initiation of therapy is recommended to document sterility of
the CSF. This is particularly crucial for patients who are re-
ceiving adjunctive dexamethasone therapy, tince they may ap-
peutobempoudmuomubnoucthenpymthadecmsem
fever despite the CSF remaining culture positive (44).

BACTEREMIA

The management of pneumococcal bacteremia due to anti-
biotic-resistant isolates is not as well formulated as it is for
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TABLE 3. Pneumococcal bacteremia due 1o sntibiotic-resistant isolates: therapy and outcome

CuN. Microsiol. REv.

MIC (pg/ml) of:
Dateof  Ageof N Owscome
, ( D tapence study > Underiying disorder - Therapy’
;. . al. (75) 1984 12mo  Otitis media 0.13-05 _Penidillin G Developed
. = T = - meningitis
10mo ~  Otitis media 0.13-05 Esythromycin- Good ™
sulfiscxazole

Schwartz et al. (129) 1991 9mo  Otitis media 125 Ceftriazone (2 doses), Improved
2mo  Otitis media 0.125 Cefotaxime Lmproved

Tan et al. (136) 192  6mo - Penot:thul 0.13 Cefurcxime (3) Good*

. cellulitis
11mo  Periorbital 0.13 Cefuroxime (3), Good*
cellulitis penicillin VK
11mo None 025 Amox/clav (10 Good
6mo None 025 = Ceftriaxone (1 dose), ~Good”
amox/ciav (10)
6mo  Buccal cellulitis 0.13 Ceftriaxone (1 dose), Good*
amox/ciav (10)
85mo  HIV infection, 0.13 Cefuroxime (7) then Good*
premature oral cefuroxime (14)
18mo  Otitis media 025 Penicillin G (3), amox/ Good”
dav (10)
i4mo  Nomne 025 - Amox/clav (10) Good
18mo  None 0.13 Ceftriaxone (1 dose), Good’
amaxicillin (10)

Leggiadro et al. (85) 1994 Mmoo N§ 8 4 Vancomycin Curative
J4mo  Cellulitis 4 1 Cefotaxime Curative
13mo  Otitis media, 4 4 Cefotaxime, oral Curative

DAl (1) 1995 16mo NS 0.13 Ceftriaxone (1 dose) Good”

( ) 1Smo  Otitis media 0.19 Amaoxicillin (10) Good*
4mo NS 0S5 Ceftriaxone (2 doses) Good*

Smo  Otitis media 20 Cefuroxime Good
Chesney et al. (33) 1995 16mo  Sickie cell anemia 20 1 Ceftrisxone, vancomycin ~ Died 36 h later;
: . blood culture
negative at 8 b
30mo  Sickle cell anemia 0.12 NS Good
1Syr Sickie cell anemia, 0.12 02s NS Good
renal transplant
“ NS, not stated.
* Day: of treatment given in parentheses.
¢ Amox/clav, amaxicillin-clavulanate.
“ Repeat blood culture negative.

meningitis. Although pneumococcal bacteremia without a
source is a relatively common invasive bacterial infection in
children, only a few studies focusing on treatment outcome of
infections due to isolates intermediate or resistant to peni
or to cefotaxime and ceftriaxone have been performed. Table
3 compiles those cases from various reports that provide
enough detail regarding treatment and outcome. For the ma-
jority of reported patients, resistance to penicillin is of the
intermediate variety and the outcome of therapy certainly does
nol predict outcomes for patients whose isolates have greater
resistance. Rarely have treatment failures been reported or
slocumented for penicillin-nonsusceptible pneumococcal iso-
- s. Breakthrough pneumococcal bacteremia and meningitis
: documented in a normal 18-month-old child after receiv-
& cefotaxime (180 mg/kg/day) for 2 days and subsequently
receiving cefuroxime (200 mg/kg/day) for 4 days (27). The

MICs of cefotaxime and cefuroxime for the isolated pneumo-
coccus were 2.0 and 8.0 pg/ml, respectively
In other studies, the outcome of bacteremia bas been noted

but details of therapy have not been provided. Oppenheim et
al. (106) reported 16 children with penicillin-nonsusceptible
pneumococcal bacteremia in 1983 from South Africa. The
mortality in 35 children with bacteremia due to penicillin-

S. pneumoniae was 28%, in contrast to 40% in the
children infected with strains intermediate or resistant to pen-
icillin; three of six patients with strains not susceptible to pen-
icillin died when they received only penicillin or ampicillin.
Welby et al. (148) reported seven children with pneumococcal
bacteremia due to strains nonsusceptible to penicillin and at
least one isolate for which the cefotaxime MIC was up to 1.0
ug/ml. All were treated with intravenous cefotaxime or ceftri-
axone for at least 3 days and responded well. Friedland (51)

— &
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also described five children with e bacteremis due
to penicillin-intermediate isolates, whommp;ednpos-
ing conditions and were initially treated-with

ehﬂdmdwd(onepretemmfamdwddmrﬂyaheradmmon.
and the second child had biliary atresia). 1n contrast, only 1 of
16dxndm(9vnhpmdspom¢wudlm)withm
due to tible pneumococci died. None of these
three studies mention the results of repeat blood cultures after
antibiotics had been initiated.

One large study has examined the implications of
_resistance for pneumococcal bacteremumndults(lm) Of the
patients in 10 adult care hospitals between January 1991 and
April 1994, 590 had pneumococcal bacteremia. How many
patients also may have had pncumonia was not stated. The
mortality rate was similar for patients with infections due to
penicillin-susceptible (19%) and penicillin-nonsusceptible (21%)
isolates. However, among survivors, the duration of hospitaliza-
tion was longer for the patients with isolates (15.8
days; range, 1 to 46 days) than for those with fsolates
(12.1 days; range, 1 to 57 days) (P = 0.05). In another study of 184
adults with pneumococcal bacteremia, the risk of mortality also
was not increased when an isolate was nonsusceptible to penicillin
(79). lnumdyofmvaswcpuwmoaocaldmmptmuwxﬂ:
human imm: virus (HIV) infection, antibiotic sus-
cepﬁbilxtydndnotmﬂmtheoum (49).

In eight children’s hospitals over 36 months, more than 700
mt bac}erexmawuhout foct:mnedmchildren a(;l;)

ent of patients was quite heterogeneous, but a e
doseofcefmmnefoﬂowedbymotﬂmﬁbnoncmadmm
istered frequently as outpatient treatmeat. No patient was
treated with penicillin only. Morbidity and mortality were not
related to antibiotic susceptibility, and no microbiological
treatment failures were encountered. Several children with an
underlymgillneshadpneumococalbaﬂmmaduetopem-
cillin-resistant isolates. These patients also were trested with a
variety of reginiens, none containing penicillin. Unfortunately,
it is not possible to assess single-agent treatment in this
of patients who have predisposing conditions from this study.
In a preliminary study, Silverstein et al (131) at Children's
Hospital in Boston reviewed the clinical presentation and out-

@omeofehﬂdrenwuthpneumoeoealbactemnwnhrupeu

to antimicrobial therapy. More than 700 children were in-
cluded; 52 (7.2%) isolates were nonsusceptible to pemcillm
and 20 (2.8%) were nonsusceptible to ceftriaxone. Children
with pneumococcal bacteremia due to isolates nonsusceptible
toeeftmxonewereleshkelythmd:ﬂdrenmthuohﬁum
ceptible to ceftriaxone to be described as by their
families at follow-up (54.5 and 83.6%, » P = 0.03)
and experienced longer hospital stays (8.0 and 3.1 day:, respec-
tively; P < 0.001). Susceptibility to penicillin did not affect
these parameters. Treatment failures were not addressed.
The magnitude of the peak level in serum and the duration
of concentration higher than the MIC in serum that are re-
Quired for an antibiotic to successfully treat pneumococcal
bacteremia are not clear. Penicillin, cefuroxime, and cefo-
taxime or ceftriaxone achieve levels in the serum considerably
greater than 2.0 ug/ml for severa! hours following standard
doses; this level is considered resistant for these agents. Thus,
even in the face of resistance, these antibiotics administered
intravenously would be expected to result in clearance of pneu-
mococeal bacteremis in a normal host. Whether this is also
true for immunocompromised patients will have to be further
documented as more clinical data ate gathered. As clinical
experience is gained with treating pneumococcal bacteremia

due to antibiotic-resistant isolates, more solid recommenda-
tions can be made.
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PNEUMONIA

As wifh bacteremis, it is difficult to determine the effect of
mﬁbmmmthemofpnewmu.
monia. Mortality can be compared, but this is an insensitive
mamu.Dnnmofhmmmmmen:dmmmnon.
fever, and development of complications are other measures
that can be compared. Eradication of bacteria from the blood-
stream or pleural space is an objective microbiologic measure.
However, for all of these factors, a number of confounding
variables may influence the outcome measures. These include
age, underlying disease, and duration and extent of iliness at
the start of treatment.

In early studies, investigators found that decreased penicillin

ility was associated with poorer responses to therapy.
Jackson et al. (75) described two pediatric patients (6 weeks
and 26 months old) who did not respond as expected to a
beta-lactam antibiotic. Both had isolates (one from blood, one
&omtheuwbea)udthmmedmempﬁbmtytopemdnm.
and they did not have a satisfactory response until
cin or therapy was initiated. Feldnunetal.(“)
described three adults with community-acquired pneumococ-
cal pneumonia due to strains intermediate (MIC = 0.5 ug/ml)
or resistant (MIC = 2 or 4 ug/ml) to penicillin. All were
initially treated with peaicillin G (2 X 10° units every 4 10 6 )
and tobramycin. All the patients deteriorated, and two died,
one within 24 h (24-year-old patieats with systemic lupus ery-
thematosus) and one within 72 h (36-year-old patient who was
previously healthy). mthndpamtmtplmouslybalthy
52-year-old individual, whose condition initially improved but
who then died after 18 days despite treatment with vancomyein
(500 mg every 6 h) and ritampin starting on the second hospital
day. Repeat blood culture results were not mentioned.

Pdhmetal(lw)revimdmeexpeﬁeneawithbwemmic

ja in adult patients in Barcelona,
Spmn. from January 1981 to September 1986. Twenty-four
patients had penicillin-nonsusceptible isolates (14 intermedi-
ate and 10 resistant, with penicillin MICs up to 8 pg/ml). Two
control patients with bacteremic pneumonia due to penicillin-
susceptible strains were matched to each pneumonia patient
according to the nearest date of positive blood cultures. Thir-
teen patients (54%) and 12 controls (25%) died, most by the
first 72 b of therapy (P = 0.03). The duration of fever in the
SUIVIVOTS was Of the 19 paticats whose isolates had
a peaicillin MIC between 0.12 and 2.0 pg/ml, 11 recovered; all
9 not initially critically ill survived. Of 10 patients who received
penicillin G and who had isolates for which the in MICs
were between 0.12 and 2.0 ug/ml, 6 survived. In addition, two
patients with isolates for which the penicillin MICs were 4.0 or
8.0 ug/ml did not respond to penicillin therapy. The authors
concluded that pneumonia due to pneumococcal strains for
whwhthepenuillmhﬂ&mﬂuﬂmlmybemted

with antibiotic-resistant pneumococcal pn
years 1984 through 1993 (109). OftheSO‘tdulnthhmete
pneumococcal pneumonia (about 80% were bacteremic), 145
(29%) had penwillm-nommeeptible strains and 31 (6%) had
strains nonsusceptibie to the extended-spectrum cephalospo-
rins. Overall, the mortality rate for patients with penicillin-
nonsusceptibie strains was 38%, with respect to 24% for those
with penicillin-susceptible strains (P = 0.001). However, when
predlctorsofmonamy(uemyunorolder.nmusunder
lying disease, heart failure, shock, multilobar pneumonia, leu-
kopenia, nosocomial pneumonia and polymicrobial pneumo-
nia) were taken into account, therc was no significant



p

" 834 KAPLAN AND MASON

dﬂemhmmﬁqmmemmmﬁe
found in 392 patients with monomicrobial bacteremic pneu-
mococcal pneumonia. Among the patients treated with cefo-

“sulil‘ts.Nomenﬁonwlsmldeofwwaimnm -

The authors again concluded that hi intravenous pen-
icillin G (150,000 to 200,000 U/kg/day) “may beb"yefeaive for

tients with pneumococcal pneumonia caused by strains non-
ru.seepﬁbletopenidllin(forwhichthepenidmnmCm <20
ug/ml). In addition, they proposed that ceftriaxone or cefo-
taxime may be a good alternative for strains for which the
penicillin MICs exceeded 2.0 pug/ml"but for which the cefo-
taxime or ceftriaxone MICs were <2.0 pg/ml.

A small number of children with pneumococcal pneumonia
due to strains nonsusceptible to penicillin have been reported
by several different investigators (117, 136, 148). In most cases,
cefuroxime or an extended-spectrum cephalosporin was ad-
ministered and was initially successful. When stated, repeat-
blood cultures were negative and therapy was completed with
an oral antibiotic. Most isolates showed intermediate suscep-
tibility to penicillin.

Friediand (51) compared 25 children (16 with underlying
diseases) having pneumonia due to S. pneumoniae with inter-
mediate susceptibility to penicillin with 53 children (19 with
underlying diseases) having pneumococcal pneumonia due to
susceptible isolates. There were no significant differences be-
tween the groups in the duration of fever, respiratory distress,
oxygen requircments, rates of i t, or mortality
(overall case fatality rate, 12%). A number of treatment regi-
mens were used for the children with no; ible strains.
Four children were treated only with amoxicillin

"‘ly. Fifteen children were treated initially with intravenous

Jicillin (n = 10), penicillin (n = 2), or cefuroxime (n = 3).

~elve responded satisfactorily, and by day 2 or 4 of therapy
they were switched to oral amaxicillin. Two patients died; both
had HIV infection. Eight other children received an extended-
spectrum cephalosporin with or without vancomycin; two of
these children died. The author conciuded that for non-central
nervous system infections, pneumococcal isolates with inter-
mediate susceptibility to penicillin have little clinical signifi-
cance in pediatric patients.

In another report from Spain, Garcia-Leoni et al. (58) re-
viewed 139 patients of all ages with pneumococcal infection
from January 1988 through October 1989. Pneumonia oc-
curred in 89 patients; 53 (60%) were bacteremic, and 30 (11
bad serious underlying illnesses) episodes were due to strains
-not susceptible to penicillin. Overall, there was no increase in
mortality in patients infected with nonsusceptible strains. Fif-
teen patients with pneumococcal pneumonia died; four had
strains with intermediate susceptibility, and one had a resistant
isolate (penicillin MIC = 2.0 pg/ml). Four patients with non-
susceptible isolates received an extended-spectrum cephalo-
sporin, and one received cloxacillin. For adults in Spain with
cancer and neutropenia, the mortality related to pneumococcal
pneumonia and bacteremia was not influenced by antibiotic
susceptibility (31). Almost all of these patients were treated
with ceftazidime or imipenem plus amikacin.

Sixteen episodes of pneumococcal pneumonia in HIV-in-
fected inpatients were reported by Baril et al. (14) in France;
10 isolates were intermediate and 2 were resistant to peaicillin.
“or the paticnts with strains with intermediate susceptibility to

ricillin, five were treated with amoxicillin, one was treated

+h amoxicillin plus a fiuoroquinolone, and four were treated
«ith cefotaxime. Two treatment failures occurred; one in a
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patient given amaoxicillin and the other in a patient given ce-
fotaxime (100 mg/kg/day). Both patients with strains resistant
to penicillin were treated successfully with cefotaxime or with
Children with complicated umonic effusions were
for ic and clinical features by Hardie et

" al. (70). Six children with infection due 10 S. pneumoniae not

susceptible to penicillin were compared with 17 children whose
solates were to penicillin. The patients with non-

isolates were significantly younger (2.1 = 0.6 and
7.9 = 1.1 years, respectively; P < 0.01) and were more likely to
have positive blood cultures (100 and 29%, respectively; P <
0.05). Five children in the nonsusceptible group underwent
thoracoscopy or urokinase treatment, with respect to five in the
susceptible group, but other features of the hospital course and
outcome were no different between the groups.

Tan et al. (138) retrospectively evaluated more than 170
episodes of pneumococcal pneumonia in children seen at eight
children’s hospitals in the United States. A total of 75% of the
children were bospitalized. Tweaty-two patients (including 15
inpatients) had strains nonsusceptibie to peaicillin. The out-
come was the same for those with strains nonsusceptible to
penicillin as for those with penicillin-susceptible isolates. No
conclusions could be drawn about specific therapy, since the
antibiotic regimens used were so variable. -

Trovafloxacin has excellent in vitro activity against S. pneu-
moniae isolates not susceptible to penicillin or extended-spec-
trum cephalosporins. In six separate clinical trials in adults
with community-acquired pneumonia, 26 paticats treated with
oral or onal plus intravenous trovafioxacin had blood or spu-
tum pneumococcal isolates nonsusceptible to penicillin; the
clinical efficacy of this treatment for these patients was 9%6%
(91). Thus, trovafloxacin also appears to be effective in treating
community-acquired pneumonia due to S. pneumoniae isolates
nonsusceptible to penicillin.

Levofioxacin, the active isomer of ofioxacin, bas excellent in
vitro activity against penicillin- tible S.
and is approved by the U.S. Food and Drug Administration for
treatment of community-acquired pneumonia. In one study,
levofloxacin was successful in eradicating S. pneumoniae with
intermediate susceptibility to penicillin in six patients with
poneumonia (47). Grepafioxacin has in vitro activity against
antibiotic-resistant S. pneumoniae, but there are insufficient
clinical data upon which to base any recommendations for its

use for pneumonia due to penicillin-nonsusceptibie S. pneu-
moniae (142).

Implications

Based on the above clinical studies in normal hosts, it ap-
pears that penicillin, ampicillin, or céfuroxime should be ade-
quate to treat patients hospitalized with onia due to
poecumococcal isolates for which the peaicillin MICs are £2.0
ug/ml Oral therapy with amoxicillin, amoxicillin-clavulanate,
or cefuroxime axetil also should be efficacious for initial out-
patient management or when completing therapy once the
patient has resolution of signs and symptoms following paren-
teral treatment. Although there are no specific studies, azithro-
mycin should be efficacious for treating pncumonia due to
susceptible isolates. For isolates for which the penicillin MICs
are 4.0 ug/ml, alternate agents, including cefuroxime, cefo-
taxime, ceftriaxone, and clindamycin, if the isolates are suscep-
tible, are suggested. For adults, trovafloxacin and possibly levo-
floxacin appear to be a reasonable choice in the inpatient or
outpatient setting as well.

The Infectious Diseases Society of America has developed
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guidelines for the management of community-acquired pneu-
monia in adults (20). The panel the use of parenteral
penicillin G or oral amoxicillin-as preferred agents for pneu-
mococcal isolates susceptible to penicillin. Alternative agents
such as vancomycin or or other agents active
in vitro were preferred for strains resistant to penicillin
(MIC & 2.0 ug/ml). For strains with intermediate susceptibility
to penicillin, parenteral penicillin or amonxicillin or the alter-
native agents were preferred.

The MICs of extended-spectrum cephalosporins above
which treatment failure would be expected is not clear. Con-
centrations of cefotaxime and ceftriaxone in pleural fluid have
been determined following doses of 1 g every 12 h and 1 g once
daily, respectively, in adults with chest tubes placed for drain-
age of empyemas (126). The concentrations of cefotaxime or
ceftriaxone reached i 10 pg/mi and exceeded 5.0
pg/ml for more than 5 h after the initial doses. One could
expect to adequately treat poeumonia with ce-
fotaxime or ceftriaxime when the cephalo-
sporins have an MIC of up to 4.0 ug/ml for the isolate, on the
basis of this type of information. When the MICs are higher,
alternate agents such as vancomycin, clindamycin, or a carbap-
enem may be needed. Additional studies are required before
more specific recommendations can be made.

For critically ill patients or patients with an immunocompro-
mising condition, consideration should be given to including
vancomycin in the initial treatment regimen when S. pneu-
moniae is among the organisms requiring empirical coverage.
Trovafloxacin is an alterpative choice in adults. Modifications
of therapy are then made based on antimicrobial susceptibility
data as outlined above.

Animal models of ppeumococcal pneumonia have been used
to evaluate the efficacy of penicillin, extended-spectrum ceph-
alosporins, carbapenems, vancomycin, and selected fluoro-
quinolones in the treatment of infection due to penicillin-
resistant strains. Different conditions such as induction of
leukopenia, use of a bacterial inoculum in agar, or infection of
different species of rodents were used in these studies (13, 60,
97, 121, 125, 139). In general, higher doses of penicillin are
superior to lower doses in clearing bacteria from the lungs and
in decreasing the mortality. Cefotaxime and ceftriaxone typi-
cally are efiective for strains susceptible or intermediate to
these agents, although ceftriaxone appeared superior to cefo-
taxime in treating isolates resistant to extended-spectrum
cephalosporin (MICs of 4 or 8 ug/ml) (125). Vancomycin and
imipenem were the most active ageats in one study. Sparfioxa-
cin was more effective than ciprofioxacin or amoxicillin in de-
creasing mortality in a leukopenic-mouse model. These results
also demonstrated that the time for which the antibiotic con-
centration in serum was above the MIC for the infecting strain /
of pneumococcus correlated with the outcome. These models
help to confirm that the present approach to treatment of
pneumococcal pneumonia due to antibiotic-resistant strains is
reasonabie and allow comparisons among new antibiotics for
isolates with greater resistance to the traditional agents such as
cefuroxime or the extended-spectrum cephalosporins.

MISCELLANEOUS INFECTIONS

Except for bacteremia and pneumonia, a limited number of
other systemic non-central nervous system infections due to
antibiotic-resistant S. pnewmoniae have been reported, and
most of these have occurred in children (Table 4). Infective
endocarditis, aortitis, and endophthalmitis are other infections
documented in single-case reports. Since a variety of antimi-
crobial regimens were used in these patients, it is very difficult
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to draw any conclusions regarding single-agent therapy. How-
ever, maost of - the antibiotics administered to these patients
were shown 10 achieve concentrations in synovial fluid, perito-
neal fluid, or bone in excess of their MICs for penicillin-resis-
tant isolates (21, 26, 72, 98, 104, 123). In synovial fluid, ceftri-
axone reaches a level of up to 66 to 100% of the concomitant
levels in serum. Cefotaxime and ceftriaxone penetrate into
peritoneal fluid at levels between 2 to 59 ng/ml, depending
when the specimens are obtained after administration of a
dose (50). The vancomycin concentration in synovial
fluid was 5.7 ug/m! (80% of the concomitant level in serum) in
one study. In ascitic fluid, the average vancomycin level was 8.7
wug/ml (40% of the concomitant level in serum) (96) after
multiple doses. Clindamycin reached levels of 2 to 3 pg/ml in
cither ascitic or synovial fiuid, levels severalfold higher than
the MICs for susceptible pneumococei (40). Thus, with stan-
dard doses of the cephalosporins or elin-
damycin, successful treatment of peritonitis or septic arthritis
due to penicillin-resistant S. pneumoniae would be anticipated.
Vancomyrcin may be required for infections due to isolates with
high-level resistance to these antibiotics. Some authors recom-
mend adopting empirical therapy for pneumococcil endocar-
ditis that parallels the therapy suggested for pneumococcal
meningitis (extended-spectrum cephalosporin plus vancomy-
cin) (10).

UPPER RESPIRATORY INFECTIONS

Of all the infections caused by S. pneumoniae, the most
common are upper respiratory infections, especially otitis me-
dia and sinusitis. Since virtually all studies dealing with antibi-
otic-resistant S. pneumoniae have focused on acute otitis me-
dia, this section deals primarily with what has been described
for middle car infections. Presumably these data are also rel-
evant for sinusitis.

. Craig and Andes (35) have proposed that 80 to 85% efficacy

in treating acute ofitis media is achieved by commonly pre-
scribed oral antibiotics when the concentrations of the drug in
the middle ear exceed the MIC for the infecting bacteria for 40
to 50% of the dosing interval. By using these criteria, it is
possible to predict which antibiotics are likely to be efficacious
or poorly effective in the treatment of acute otitis media due to
S. pneumoniae with decreased susceptibility to penicillin and
other antibiotics. A ison of recent MICs of common
oral antibiotics (for more than 4,400 pneumococcal isolates
from 92 laboratories across the United States in 1996 to 1997)
and reported “peak” levels of antibiotic achieved in middie ecar
fluid is shown in Table 5 (93). Overall, 64% of the isolates were
susceptible, 23% were intermediate, and 13% were resistant to
penicillin. Since the levels in the middle ear are often achieved
in patients with chronic otitis media undergoing pressure
equalization tube placement, they may not reflect the levels
achicved in patients with acute otitis media. Nevertheless, it is
apparent that certain antibiotics would be expected to be more
efficacious than others when treating pneumococcal otitis me-
dia due to resistant strains.

Trim i thoxazole does not penetrate into
middle ear effusions adequately to predict efficacy for penicil-
lin-intermediate isolates, since there is such considerable cross-
resistance for this combination and penicillin. For clindamycin,
the mean level in the middle ear mucosa is 3.6 ug/g. Whether
this level correlates with those in middle ear effusion is not
clear. Clindamycin remains quite active for most pneumococ-
cal isolates resistant to penicillin and would be considered an
alternative agent for treating otitis media caused by such
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TABLE 4. Miscellaneous infections reported due 10 5. pneumonice noasusceptible to penicillin

of Underlying Infection Penicillin MIC
Reference ::"‘ ilinens syndrome (ng/ml) Therspy Outcome
- ic arthriti Intermediate  Cefamandole and Good
son et al. (75) 8mo NS° _Sepncn.rumln, e Celam e o
- = = T =  with oral chioramphenicol
Tan et al. (136) 43mo Nephrotic Peritonitis 0.125 Ampicillin iv.c for 7 days Good, afebrile
aricella Septic iti 10 Nafcillin (4), penicillin (7) Good ub
Wmo ¥ srihrits Cefotaxime (9), amaxicillin- Mebnle after
clsvulanate (10) . 8 days
i - i iti 8.0 v and cefotaxime;  Curative
Lzuuf:lro etal. (85) 24mo NS Or::nt:' zllulms and anenmyan ce n:d ra
_ nhmpm
Pikis et al (117) 10mo NS Septic arthritis 40 Oxacillin (3). cefotaxime (3) Good
B 05 Oxacillin (3), c(ezlo)nnme (3), Good
3 NS Osteomyelitis N
m cefuroxime (8), cephalexin
\ @1)
Gelfand and 71yr  None Vertebral osteomyelitis 025 Ceftriaxone (28) Good
Cleveland (64)
Daum et al. (39) 4yr  Choroid piexus  Epiglottitis 20 Vancomycin, cefltazidime Good
carcinoma,
bone marrow
transplant
i 20 N i itis and 038 Nafcillin (4), vancomycin (2) Good, afebrile
Abbasi et al. (1) mo one Sepncnnhm; ().(2)‘ AR e
(10) ' _
14mo None Septic arthritis 15 Nafcillin (7), Good, afebrile
ceftrisxone (31) after T2 b
Vancomycin (28) .
24mo None Septic arthritis 80 Cefotaxime (6), nafcillin (3),  Febrile for 21
vancomycin (19), rifampin
(19), clindamycin (6)
“ NS, not stated.

* Days of treatment given in parentheses.
¢ iv, intravenous.

strains (103). In most areas, pneumococcal isolates resistant to
macrolides generally remain susceptible to clindamyein.
Several studies have now reported the outcome of treating
acute or persistent otitis media due to pneumococci that are
nonsusceptible to penicillin (Table 6). As is genenally the case,
otoscopic evaluation of the tympanic membrane and clinical
condition define the outcome measures. Thus, the results are
somewhat su especially in nonrandomized, investiga-
tor-unblinded smdnes. All the studies included an initial tym-
panocentesis for culture of middie ear fluid. Cefuroxime, cei-
prozil, and amoxicillin-clavulanate were found to be eficacious
in most of the children evaluated in these studies; cefacior and
cefixime have not been as effective as some of these other
agents. Although only a small number of children were treated
in one study, cefpodoxime did not appear to be
effective despite having reasonable in vitro activity against S.
pnewmoniae isolates that are nonsusceptible to penicillin (43).
This lack of effectiveness might possibly be related to the
relatively low concentrations achieved in the middle ear. In a
second study of cefpodoxime for otitis media, the outcome in
all four children with penicillin-nonsusceptible strains (mainly
. intermediate) was satisfactory (61).
In several studies, a single intramuscular dose of ceftriaxone

was companble to a standard 10-day course of amoxicillin or
amethoxazole for treatment of acute otitis
medu (15, 67). However, efficacy for antibiotic-resistant pneu-
mmmtanmd.lnthegerbdmodel.anngle 100-
m;lk;doceofeefumneweﬁec&vem treating otitis media
due to S. strains resistant to penicillin and ceftri-
axone (MIC of both antibiotics = 8.0 ng/ml) (18). Block et al.
(23) found that 8 of 11 children with persistent otitis media
rapmdedtoeefmmne(?ﬁtosomykydose)admmmered
once daily for 4 to 7 days. In a preliminary study, Leibovitz et
al. (86) administered ceftriaxone (50 mg/kg once daily for 3
dlyn)toehildrenumhmteotimmeduﬂmmmmpon
sive to standard oral antibiotics. Tympanocentesis for middle
ear cultures was performed on the day of enroliment and on
days 4 to 10 and if clinical relapse occurred. Bacteriological
eradication occurred in 9 of 9 patients with penicillin-suscep-
tible pneumococcal isolates and in 27 of 31 patients (87%) with
penicillin-intermediate isolates. Bacteriological relapse oc-
curred in two children with isolates intermediate to penicillin.
No pneumococcal isolates resistant to penicillin (MIC 2 2.0
pg/ml) were encountered. In a similar study, Gehanno et al.
(62) recruited children who were considered clinical treatment
failures for acute otitis media. Middle ear cultures were ob-
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TABLE S. prmdmmmduﬂmmm&memhndmmumwm

.,‘_ WMn&eMw

Penicill Penicill  Pemicil
susceptible imermediste resistant Concn in
Amtibiotic (reference) (ng/ml) (ng/ml) (np/ml) Dose middie sar
MICy MiICy MIC,, MICe MICy MIC,, o)
Amoxicillin (130) 0.13 0.13 025 20 20 40 IS; mg/kg 5.6
] 62
- 45 mg/kg 2-8
Gefaclor (103) 1.0 20 80 64 64 64 15-20 mg/kg 05-5.1
Cefixime (71) 0.25 0S5 40 16 k 7] o4 8 mg/kg 13-15
Cetpodaxime (43) 0.13 0.13 0s 20 4 8 4 mg/kg 09
Cefprozil (103) 025 025 1.0 80 16 k v} 15 mg/kg 20
Cefuroxime (144) 0.13 0.13 0s =40 40 80 15 mg/kg 14
Loracarbef (103) 1.0 20 80 64 64 o4 15 mg/kg 39
Azithromycin (103) 0.13 0.13 013 8.0 1 64 10 mg/kg 8.6
10 mg/kg then 5 mg/kg 94
Erythromycin (103, 140) 0.12 0.12 0.12 16 012 >16 15 mg/kg 45
Qlarithromycin (103) 0.13 0.13 013 20 05 o4 75 mg/kg 25
Ceftriaxone (68, 78) 0.06 10 20 50 mg/kg as
Trimethoprim-sulfamethoxazole 025 >40 >4.0 >40 40 40 4 mg/g 1.4-20
(103, 140)

tained, and treatment with ceftriaxone (50 mg/kg) once daily
for3day:madmmmered.‘l‘hmy-nxcmldrenhads.pna

moniae solates for which the penicillin MICs were 1 pg/ml.
One day after ceftriaxone therapy was completed, 24 of 27 had
negative repeat cultures of the middle ear. Clinical successes
were found for 88% of the patient on days 10 to 12 after
enroliment and for 64% on days 28 to 42. Together, these two
studies establish ceftriaxone as an important alternative agent
for the treatment of acute otitis media unresponsive 1o first-
line agents. However, three intramuscular doses probably are
required, and the treatment is expensive.

Clindamyrin and azithromycin have not been evahmed ad-
equately to assess their role in the treatment of poeumococcal
otitis media. Block et al. (23) reported anecdotal expericnce
for seven children. In studies conducted in Israel, tﬁthmyun
was effective if the middle ear pneumococcal isolate was sus-

ceptible to azithromycin (eradicated in 12 of 12 patients) but
mnnymefecunwhenthcmhtemm resistant
(eradicated in 0 of 6 patients) (37) In a chinchills model of
acute otitis media, peaicillin-resistant pneumococci remaining
susceptibie to were eradicated from middle ear
cultures following clarithromycin treatment (4). Taken to-
gether, danﬁomthueuudmmggesnhanhemmbdumy
provide effective therapy for treatment of acute otitis media
due to penicillin-nonsusceptible strains remaining susceptible
to the macrolides. However, since more than half of the pneu-
mococcal isolates nonsusceptible to penicillin will be nonsus-
eeplible to macrolides, it is not likely that azithromycin or
will be highly effective in treating acute ofitis
meduduetonwhm(lw)
Another approach has been to increase the dose of amoxi-
cillin for the treatment of acute otitis media in order to in-

TABLE 6. Outcome of treatment for otitis media due to S. pneumoniae: efect of penicillin susceptibility

No. of paticats with successful clinical

Location (reference) Antibiotics Dess =
mgip/dey Penicillin Penicillin Penicillin
- Wobaiier :
France (63) Cefuroxime axetil -30 39/42 910 24732
Kentucky (23) Ceftriaxone s 56
Amoxicillin-cisvulanate 810 n
Qindamycin 7 24
Cefixime 15 073
Cefpodoxime m 25
Cefaclor 1”7 14
United States (muhicenter) (74) Amoxicillin-clavulanate 40 and 10 56/63 v/} m
israel (36, 37 Cefuroxime axetil 30 22 1519
Cefaclor 40 24725 sn2
Amoxicillin 50 1010 1014
Cefaclor 40 116 17
United States (multicenter) (115) Cefprozil 40 39750 112 23

¢ Bacreriological cure on day 4 10 S of therapy by second rympanocentesis culture.



crease the concentration of amoxicillin in scrum and thus the
level in the middie ear fluid. In the chinchilla model, an amoxi-
cillin dose 10-fold greatcr than that mecessary to eradicate
pe~’~"in-susceptible strains was effective in clearing penicillin-
1 S. iae from the middle ear (19). In children
v .te otitis media, levels of amoxicillin in middle ear fluid
exceeded 1.0 ug/ml in most and exceeded 4.0 pg/iil-in some
nﬁeraﬁngk45—mglk;due(130).hmthumldyofmle
otitis media in children, middie ear fluid was obtained after the
children had received amoxicillin at 40 mg/kg/day every 8 h for
48 10 72 h and then a single 25-mg/kg oral dose of amonicillin
(30). The estimated mean peak concentration in middie ear
fluid occurred 3.0 h after this oral dose and was ~9.5 pg/ml.
About 60% of the levels were 22.0 pg/ml between 2.3 and 4.7
hours after the 25-mg/kg oral dose. The authors concluded that
about 90% of episodes of acute otitis media
could be treated effectively with an amoxicillin dosing regimen
of 75 mg/kg/day in three divided doses. Using double the rec-
ommended dose of amoxicillin (80 mg/kg/day), Block et al.
(23) successfully treated two patients with otitis media due to
penicillin-resistant pneumococci. If the MIC,, of amoxicillin is
4.0 pg/ml for penicillin-resistant S. pneumoniae, levels exceed-
ing this concentration can be achieved in middie ear fluid in
many patients with the double dose of amoxicillin.

Implications

It is unciear if treatment failures for acute otitis media are
occurring more frequently now than 10 years ago in association
with the rise in the incidence of antibiotic-resistant S. pneu-
moniae. Pichichero and Pichichero (116) estimated that ap-
proximately 10% of visits for acute otitis media by children
seen in one large private practice in Rochester, N.Y., were for

‘stent acute otitis media (i.c., infection that had failed one
(, .0 consecutive courses of antibiotics) for the period Oc-
‘. .cr 1989 through September 1992. Most of these children
were 6 to 36 months old. Tympanocentesis was performed in
137 children whose acute otitis media had not responded after
one or two empirical antimicrobial treatment courses. No
pathogen was isolated from almost 50% of children, and S.
pneumoniae was recovered from 24%. Only one-third of the
isolates were tested for penicillin susceptibility; 2 of 11 were
nonsusceptible to penicillin. Thus, at least during this period,
treatment failures of acute otitis media were not often a result
of S. pneumoniae isolates resistant to commonly prescribed
antibiotics. However, similar data from 1997 to 1998 are not
available, and these presumably would show higher rates of
antimicrobial resistance among S. pnewmoniae isolates, espe-
cially for isolates recovered from the upper respiratory tract, to
determine if penicillin-resistant S. pneumoniae are now more
med’ only associated with treatment failures of acute otitis
media.

Amoxicillin is still considered the agent of choice in treating
acute otitis media. Certain risk factors have been identified as
associated with an increased likelihood of treatment failure: a
history of recurrent otitis media and treatment during the
winter months are two of the strongest (23). Younger age and
day care attendance might be considered additional risk fea-
tures. Modifying this initial approach would be reasonable
when faced with a younger child with these risk factors. One
suggestion is to use an increased dose of amoxicillin (60 to 80
mg/kg/day) for routine first-line therapy in children who are

-t toxic with moderately severe acute otitis media. This higher
¢ does not appear to be associated with any greater adverse
2ct than does the standard 40-mg/kg/day dose. If a child is
.onresponsive to this higher dosing level of amoxicillin, alter-
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native agents to consider include amonicillin-ciavulanate, ce-
furoxime axetil, and cefprozil. Parenteral administration of
ceftriaxone for at least three consecutive days is another option
(23, 62, 86).

- ANTIBJOTICS IN DEVELOPMENT

After a period when relatively few new antibiotics were
introduced, the emergence of strains of antibiotic-resistant
bacteria has spurred research into new antimicrobial com-
pounds.Someoﬂheptepunﬁonsbelon;muniqueanﬁmiao-
bial classes, while others refinements of older anti-
biotics. Those that are being tested and appear useful against
S. pneumoniae, especially penicillin- and macrolide/azolide-
resistant strains, are discussed below, and the in vitro activities
of the compounds are presented in Table 7.

- Streptogramins

The ins are inhibitors of cell wall synthesis at the
ribosomal level and have been used in Europe since 1955. They
are active against most gram-positive bacteria, including all
pneumococcal strains, of penicillin or macrolide
susceptibility. RP 59500 (Synercid) is a 30:70 semisynthetic
injectable combination of quinupristin and dalfopristin. Sepa-
rately, these agents are active but bacteristatic for pneumo-
cocci, while the combination-has synergistic activity and is
rapidly bactericidal for all pneumococci (22, 110). RPR 106972
is a combination of two streptogramins (RPR 112808 and RPR
106950) and represents an oral preparation similar to Synercid.
RP 7293 (Pyostacine), a single oral streptogramin that has
been licensed in France and Belgium for more than 20 years,
is very active against strains of S. pneumoniae (110).

Cephalosporins
Cefditoren is a pi thyl ester of the parent ceph-
alosporin molecule and is intended for oral treatment (134).
This antimicrobial agent is inhibitory and bactericidal at con-
centrations between 0.008 and 1.0 pg/m! and showed no inoc-
ulum effect when studies were repeated with higher inocula.

Trinems

Sanfetrinem (GV104326) is a tricyclic B-lactam (trinem)
similar to the carbapenems (132). Pharmacokinetic
studies in human volunteers found maximum levels of sanfetri-
pem in serum of 2.5 ug/ml. Based on these findings, predicted
levels in serum would exceed the MIC,, for between 20 and
40% of a 12-h dosing interval. Preliminary studies in children
with acute otitis media following 10 mg/kg doses of sanfetri-
nem cilexetil twice a day have found about 40% (range, 13 to
81%) penetration into middle ear fluid (87). These levels sug-
gest this agent should be effective in treating acute otitis media
in pediatric patients.

Giycopeptides
LY 333328 is a semisynthetic glycopeptide that is active
against vancomycin-resistant enterococci and other gram-pos-
itive bacteria, including S. pneumoniae (45). 1t is highly protein
bound but rapidly bactericidal against both pneumococci and
enterococci.

Fluoroquinolones

Sparfloxacin has a structure similar to clinafloxacin (65).
Trovafioxacin is a novel flusoroquinolone with enhanced activ-
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TABLE 7. lumqummmw&m
] .- MIC,, = - MiCy MIC range
Anmtibiotic (u.m -.d) m— (ug/ml) = (ng/ml) (ug/mi) Reference
Streptogramins
RP59500 ( Qninpl'ldalbdbpmn) (Symercid) ' - 110
Penicillin susceptible (4 05 0s 05
Penicillin intermediate (2) 025 0s 025-05
Penicillin resistant (4) 05 10 05-10
RPMR ; susceptible (75) i 0.03 0.125 0.016-0.5 135
Penicillin intermediate (55) 0.125 05 0.016-0.5
Penicillin resistant (73) 025 -05 0.016-0.5
RPR 106972 ~ ~ . ) 135
Erythromycin resistant, clindamycin susceptible (143) 0.125 0S5 0.016-0.5
Erythromycin resistant, clindamycin resistant (60) 0.125 025 0.016-0.5
RP 7293 110
Penicillin susceptible (4) 0.125 025 0.125-0.25
Penicillin intermediate (2) 0.125 0.125 0.125
Penicillin resistant (4) 02s 025 0.125-0.25
Cephalosporin
Cefditoren 135
Penicillin susceptible (75) =0.06 =0.06 <0.06 .
Trimen
GV104325 (Sanfetrinem) 41
Penidllm susceptible (1167) 0.015 0015 0.004-0.25
enicillin intermediate (216) =0.06 0s 0.008-1.0
Pemdlhn resistant (145) 0s 10 0.12-20
G .
LY333328 - 45
Penicillin susceptible (51) 0.002 0.008 0.002-0.06
Penicillin intermediate (75) 0.002 0.008 0.002-0.06
Penicillin resistant (76) 0.005 0.03 0.002-0.125
Fluoroquinolone
Levofloxacin 119
Peniclllin susceptible (460) 10 20 0.05-4.0
Peaicillin intermediate (34) 10 20 0.05-4.0
Peaicillin resistant (5) 10 20 0.05-4.0
Levofioxacin 145
Peniclllin susceptible (3) 10 20 1.0-20
Penicillin intermediate (3) 1.0 20 1.0-20
Peanicillin resistant (3) 10 490 1.0-4.0
Sparfloxacin 16
Erythromycin, >256 ug/ml (21) 0s 10 025-10
Erythromycin, 4-64 pg/mi (29) 0S 1.0 0.25-1.0
Sparflaxacin 145
Penicillin susceptible (3) 025 025 025
Pen!dllp intermediate (3) 025 025 025
Penicillin resistant (3) 0s 0S5 0.25-05
floxaci m
Penicillin intermediate (71) 025 0s 0.125-1.0
Penicillin resistant (58) 0.25 0.5 0.125-1.0
DU-GBS9I' . ' 145
Peaicillin susceptible (3) . 0.064 0.064 0.064
Peugall;n intermediate (3) 0.064 0.064 0.064
Penidllin resistant (3) 0.064 0.064 0.064

Continued on following page
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Cun. MicrosioL REv.
TABLE 7—Continued
) ™I MIC
Antibiotic (2. of strains wesied) "“C-) h Con lC e Reference
2-8039 146
U e (53) . o 0125 02 _
Penicillin intermediate (45) - = 0125 025 =
Penicillin resistant (45) 0.125 025 :
Sparfloxacin 105
Penicillin nonsusceptible (28) 0.06 0.12 0.03-0.25
Oxazolidinones
Linezolid 92
-Penicillin intermediate (162) - 05 10 0.06-2.0
Penidillin resistant (68) 1.0 10 0.25-4.0
. _ o
Penicillin intermediate (162) 0.25 _ 025 0.06-1.0 R
Penicillin resistant (68) 025 - 05 0.125-1.0 -
Rifamycins 6
Penicillin susceptibility unknown (20) 0.0039 0.0313 0.0005-0.25

ity for gram-positive bacteria over the earlier quinolones (105).
Trovafioxacin may be the first quinolone actually studied in
children for possible licensure. Experiments involving a rabbit
model of meningitis showed that pretreatment of pneumococci
with trovafioxacin delayed the release of the cytokines tumor
necrosis factor and interleukin-1f compared to ceftriaxone.
DU-6859a is probably the most active of the newer fluoro-
quinolones in vitro (111). Nine strains of pneumococci, for
which the MICs of cefotaxime were 2 pg/ml or , were
" ciated with uniform DU-6859a MICs of 0.064 ug/ml (145).

{ 12-8039 is an experimental oral broad 8-me-

- .axyquinolone (146). With a dosage of 400 mg/day, levels of

32 pg/ml in serum, with a half life of 12 h, were obtained in
adults.

Oxazolidinones

The oxazolidinones, represented by mehd (U-100766)
and Eperezolid (U-100592), are a new class of antimicrobial
agent with a unique structure and good activity against gram-
positive bacteria (92). Studies with penicillin and ceftriaxone
non susceptible S. pneumoniae found that Eperezolid was
more active in vitro; however, Linezolid is now in phase II and
phase III trials. Both compounds inhibit bacterial protein syn-
. thesis and are bactericidal for pneumococci but not for other

gram-positive organisms.

Rifabutin

Rifabutin is a lipophilic antibacterial that inhibits DNA-
dependent RNA polymerase and is rapidly bactericidal for
many bacteria, including S. pneumoniae (56). Penicillin-inter-
mediate strains were inhibited by concentrations between
0.008 and 0.015 ug/ml. In a rabbit model of meningitis, rifabu-

unatSmglkglhm:seﬁemveueefuumenthmM

and rifabutin inhibited the release of tumor necrosis factor
alpha (128).

CONCLUSIONS

The management of infection due to antibiotic-resistant S.

neumoniae is in flux, and it is likely that approaches to anti-
microbial treatment will be modified as susceptibility patterns

. Unless there is a dramatic change in the antibiotic-
preacribmg habits of physicians and other health care workers,
it is unlikely that the upward trend in antibiotic resistance will
be halted. A number of organizations, especially the Centers
for Disease Control and Prevention, are initiating efforts to
educate health care workers and the public about the proper
and wise use of antibiotics. Different dosing schemes of avail-
able agents and discovery of newer agents with different mech-
minnsofacﬁonreminimpomtnppmchstothedevelop—
ment of new strategies for treating these infections. Perhaps
the development of conjugate pacumococcal vaccines provides
the greatest promise for controlling antibiotic-resistant S.
pneumoniae by preventing this infection to a great degree.
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