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The ability of the recently licensed 7-valent pneumococcal conjugate vaccine to cover isolates that cause otitis

media, especially drug-resistant ones, was assessed using 500 recently obtained US isolates. Of these isolates,
418 (84%) belonged to vaccine-related serogroups, whereas 82 (16%) belonged to non-vaccine-related sero-
groups. Serotype 3 accounted for 48 (59%) of the non-vaccine-related serogroups. In addition, 93% of the
isolates from patients <3 years of age belonged to serotypes that were included in or related to the heptavalent
vaccine, compared with 49% of the isolates from older patients (P = .001). Most of the isolates (98%—100%)
that were resistant to the antimicrobial agents tested were covered by the heptavalent vaccine, including 95.1%
of the isolates from patients <2 years of age. The 7-valent pneumococcal conjugate vaccine could therefore
potentially provide protection against all but 1 (type 3) of the common otitis media—associated pneumococcal
serogroups identified in this study as well as against 98% of antibiotic-resistant isolates.

In both developed and developing nations, acute otitis
media (AOM) accounts for most bacterial respiratory
tract infections in children [1, 2]. Streptococcus pneu-
moniae is responsible for 30%-50% of all cases of AOM
worldwide [3], and, in the United States, S. pneumoniae
causes 7 million episodes of AOM annually [4]. AOM
caused by S. pneumoniae is associated with a low fre-
quency of spontaneous cure and is more likely to result
in complications if poorly managed [5, 6]. The emer-
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gence and worldwide spread of drug-resistant S. preu-
moniae has complicated antimicrobial therapy for pa-
tients with AOM [7, 8], and there is an overwhelming
need for an effective vaccine that can prevent pneu-
mococcal disease.

Unlike the serotypes of Haemophilus influenzae (one
[type b] of which is responsible for most invasive in-
fections), 90 serotypes of S. pneumoniae are capable of
causing invasive disease. A vaccine to cover all the S.
pneumoniae serotypes is not yet available. In addition,
the 23-valent purified polysaccharide pneumococcal
vaccine, which is used in the United States and Europe,
is ineffective in children <2 years of age, a group that
experiences the greatest burden of S. pneumoniae in-
fections [9-11]. Therefore, 7-, 9-, and 11-valent protein
conjugate vaccines, which are immunogenic in children
<2 years of age, have been developed, and a 7-valent
vaccine (Prevnar; Wyeth-Lederle Vaccines) has recently
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been licensed in the United States [12—14]. The pneumococcal
serotypes included in these conjugate vaccines were designed
to cover strains that predominantly cause disease in children
worldwide [15, 16], as well as to cover antibiotic-resistant
strains [8, 17, 18]. Because of geographic variation in serotypes
and drug-resistant strains, the vaccines may not be universally
optimal. The new 7-valent pneumococcal conjugate vaccine has
recently been shown to be effective in reducing the incidence
of meningitis, bacteremia, pneumonia, and otitis media among
infants, although the reduction in the incidence of otitis media
is more modest than the reduction in incidence associated with
other diseases [12]. In addition, the 7-valent vaccine has been
shown to have similar efficacy against other serotypes within
the serogroups included in the vaccine [14]. We evaluated the
potential coverage of conjugate vaccines against serotypes of S.
pneumoniae that cause otitis media in the United States, and
we assessed their efficacy against antibiotic-resistant isolates.

PATIENTS AND METHODS

Study isolates.  Isolates of S. pneumoniae that were recovered,
from 1996 through 1999, from samples of middle ear fluid
obtained from patients with otitis media throughout the United
States and that were then received as part of AOM [19] and
surveillance studies conducted by some of our investigators
(P.C.A. and M.R.]J.) [20-22] were chosen from our culture col-
lection for inclusion in this study. Isolates were selected to
provide geographic distribution throughout the continental
United States. They were stored at —70°C in serum-glycerol
freezing media.

Identification, serotyping, and antimicrobial susceptibility
testing.  Optochin susceptibility and bile solubility were used
to confirm that the isolates were S. pneumoniae [19]. The cap-
sular reaction test, which used group- and type-specific anti-
serum from Statens Seruminstitut (Copenhagen) [19], was used
to determine the serogroups and serotypes of the isolates.

Antimicrobial susceptibility of the isolates was assessed by
determination of MICs of penicillin, amoxicillin, azithromycin,
clindamycin, and trimethoprim-sulfamethoxazole (TMP-
SMZ). MICs were determined by broth microdilution, in ac-
cordance with recommendations of the National Committee
for Clinical Laboratory Standards (NCCLS) [23], in dried 96-
well microdilution trays (Sensititre Division, Trek Diagnostics).
Inocula were prepared from colonies grown on trypticase soy
agar plates supplemented with 5% whole sheep blood (Becton
Dickson Microbiology Systems) incubated in 5%—-10% CO, for
18-20 h. The colonies were directly suspended in tubes of
Mueller-Hinton broth (Sensititre), and turbidity was adjusted
to a density that was equivalent to 0.5 McFarland’s standard.
After preparation, 200 uL of the inoculum was transferred to
a 10-mL tube of Mueller-Hinton broth (Sensititre) supple-

mented with 5% lysed horse blood (Cleveland Scientific).
Mueller-Hinton lysed horse-blood broth was freshly prepared
on the day of testing by adding 1 mL of lysed horse blood to
10 mL of Mueller-Hinton broth. Doseheads were fitted on the
tubes, and 100-uL volumes were dispensed into each well of
the Sensititre microdilution trays with an autoinoculator (Sen-
sititre). All inocula were checked to ensure that they contained
the required inocula of 3 X 10° to 7 X 10° cfu/mL. The trays
were sealed and incubated for 22-24 h at 35°C aerobically. The
lowest drug concentration with no visible growth was read as
the MIC. MICs were interpreted according to NCCLS criteria.
Isolates that were intermediate or resistant to penicillin are
analyzed separately, whereas isolates that were intermediate to
other agents are included in the resistant groups.

Quality control (QC).
mended by the NCCLS were used on each day of testing: S.
pneumoniae, American Type Culture Collection (ATCC) 49619;
Haemophilus influenzae, ATCC 49247 and 49766; Enterococcus
faecalis, ATCC 29212; and Escherichia coli, ATCC 25922. Sus-
ceptibility results were accepted if the MICs obtained for the
QC strains were within NCCLS-specified limits [23].

The following QC strains recom-

RESULTS

A total of 500 pneumococcal isolates recovered from samples
of middle ear fluid obtained from patients with AOM were
selected. All isolates originated from outpatients in 19 states.
Isolates had been recovered from surveillance (n = 361) and
otitis media (n = 39) studies. Patients from whom the isolates
were recovered included 392 children and 35 adults; the ages
of 73 patients were unknown. The age distribution of the chil-
dren was as follows: <1 year, 116 children; 1 year, 131; 2-3
years, 73; 4-9 years, 64; and 10-18 years, 10. The age distri-
bution of the adults was as follows: 19-30 years, 8 adults; 31-40
years, 7; 41-50 years, 5; 51-60 years, 4; 61-70 years, 3; and >70
years, 8.

Serotype distribution.  Table 1 and figure 1 show the overall
distribution of the serotypes of the isolates. Of the 500 isolates,
333 (66.7%) belonged to the serotypes included in the 7-valent
vaccine (19F, 14, 6B, 23F, 9V, 18C, and 4). It is significant that
3 serotypes—19F, 14, and 6B—account for >50% of isolates
and that, as serogroups, they account for almost two-thirds of
isolates. When analyzed as serogroups, 418 isolates (83.6%)
belonged to vaccine-related serogroups (148 isolates belonged
to serogroup 19; 79, to serotype 14; 102, to serogroup 6; 54,
to serogroup 23; 26, to serogroup 9; 7, to serogroup 18; and
2, to serotype 4). Eighty-two isolates (16%) belonged to
non—vaccine-related serogroups; 48 belonged to serotype 3, 26
belonged to 14 other serotypes, and 8 were untypeable. The 9-
valent vaccine, which contains serotypes 1 and 5 in addition
to the serotypes included in the heptavalent vaccine, would
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Table 1.
in protein conjugate vaccines.

Distribution of 500 otitis media isolates, by serotype and antimicrobial susceptibility, according to serotypes included

Antimicrobial susceptibility

No. of Penicillin Penicillin ~ Amoxicillin ~ Azithromycin  Clindamycin ~ TMP-SMZ
Vaccine, serotype isolates  intermediate resistant resistant resistant resistant resistant
7-valent
19F 119 14 60 20 72 33 81
14 79 7 44 30 47 10 55
6B 54 12 35 12 40 21 46
23F 50 7 26 11 13 8 34
vV 26 3 16 3 8 1 19
18C 3 0 0 0 0
4 2 0 0 0 1 0
Subtotal, no. 333 43 181 76 181 73 235
7-valent related
6A 48 7 23 5 25 4 32
19A 27 18 6 4 9 2 19
18A/B 0 0 0 0 0 0
19B/C 2 1 1 0 0 0
23A 2 1 0 0 0 0 1
23B 0 0 0 0 0 0
Subtotal, no. 85 27 30 9 34 6 54
9-valent
5 0 0 0
1 0 0 0
Subtotal, no.
11-valent
3 48 0 0 0 0
7 2 0 0 0 0
Subtotal, no. 50 0 0 0
Nonvaccine
NT 8 1 1 1 0 0 2
29 4 0 3 1 0 0 1
16 0 0 0 1 0 0
Other? 17 0 0 0 0 0 1
Subtotal, no. 30 1 4 2 1 0 4
Total, no. (% total isolates) 500 71 (14.2) 215 (42.6) 87 (17.4) 216 (43.2) 79 (15.8) 293 (58.6)

NOTE.

NT, not typeable; intermediate, intermediately resistant; TMP-SMZ, trimethoprim-sulfamethoxazole.

¥ Serotype 22 (n = 4); serotypes 8, 12, 15, 25, and 28 (n = 1 each); serotypes 11 and 31 (n = 2 each); and 4 other non-vaccine-related types.

cover virtually the same proportion of isolates as the 7-valent
vaccine (420 vs. 418). The 11-valent vaccine, which has the
further addition of serotypes 3 and 7, would cover 470 (94%)
of the isolates, with most of the improvement caused by the
48 serotype 3 isolates.

Distribution of vaccine-related and non—vaccine-related
serogroups by patient age.
coverage of the 7-valent vaccine for the 429 study isolates for

Table 2 shows the age-specific

which patient age was known. Analysis of vaccine coverage
among different age groups showed that coverage by the 7-
valent vaccine was 93.1% (298 of 320) among children <4 years

of age, compared with 48.6% (53 of 109) among older children
and adults (P<.001; Fisher’s exact test). The majority of the
45 isolates of the predominant nonvaccine serotype, type 3,
were found among older children or adults.

Serotypes found in adults included serotype 3 (10 adults),
serotype 19F (8), serotype 14 (5), and 12 other isolates be-
longing to 8 serotypes. Fifteen (71.4%) of 21 vaccine-related
isolates from adults were from patients <50 years of age, com-
pared with 5 (35.7%) of 14 non-vaccine-related isolates
(P = .04; by Fisher’s exact test).

Antimicrobial susceptibility.  Overall, 42.6% of isolates
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Figure 1.

—x— Cum’ resistant serotypes

Serotypes included in 7-, 9-, and 11-valent vaccines, shown as the number and the cumulative percentage of each serotype (n = 500).

Also shown are the number and the cumulative percentage of each serotype for isolates resistant (n = 313) to =1 of the following: penicillin,
azithromycin, and trimethoprim-sulfamethoxaole; for this analysis, isolates that were immediately resistant to penicillin are not included in the resistant
group. Types 4, 6B, 9V, 14, 18C, 19F, and 23F are included in the 7-valent vaccine. Types 6A, 18A, 18B, 19B, 19C, 23A, and 23B are 7-valent vaccine
related. The 9-valent vaccine includes serotypes included in the 7-valent vaccine plus types 1 and 5, and the 11-valent vaccine additionally includes

types 3 and 7.

were susceptible to penicillin, whereas 14.2% were intermediate
to penicillin and 43.2% were penicillin resistant (table 1). Vir-
tually all penicillin-nonsusceptible isolates were in the vaccine-
related group (table 3). A notable exception was serotype 29,
for which 3 of 4 isolates identified were penicillin resistant.
These resistant isolates were recovered from 3 cultures per-
formed for patients in Florida, Georgia, and Ohio (patient age,
77 years, 5 years, and 1 year, respectively).

The proportion of isolates resistant to several of the anti-
microbial agents was remarkably similar for the 7 most com-
mon serotypes (table 1). This was particularly noticeable with
regard to resistance of serotypes 19F, 14, 6B, 23F, 9V, and 6A
to penicillin and TMP-SMZ. Resistance to azithromycin was
more variable, with the prevalence of resistance being highest
in serotypes 19F, 14, 6B, and 6A (52.1%-74.4%) and lowest in
serotypes 23F, 9V, and 19A (26.0%-33.3%). However, approx-
imately half of the azithromycin-resistant isolates that belonged
to serotypes 19F, 6B, and 23F were clindamycin resistant, com-
pared with fewer than a quarter of isolates that belonged to
serotypes 14, 9V, 6A, and 19A. Resistance to amoxicillin also
varied, with 38% of serotype 14 isolates being resistant, com-
pared with 10.4% of serotype 6A isolates.

Multiple-drug resistance was present for 3 of the agents tested
(penicillin, azithromycin, and TMP-SMZ) in 161 isolates
(32.2%), all of which were in the vaccine-related group. Of

these isolates, 65 were resistant to penicillin, azithromycin,
TMP-SMZ, and amoxicillin; 61, to penicillin, azithromycin,
TMP-SMZ, and clindamycin; and 19, to all 5 agents. Overall,
amoxicillin and clindamycin were the most active agents (82.6%
and 84.2% susceptible, respectively), followed by azithromycin
(66.8% susceptible) and TMP-SMZ (41.4% susceptible).

Table 2.  Correlation between age and vaccine-related and
non-vaccine-related serotypes of 429 isolates for which patient
age was known.

No. (%) of serotypes

7-valent vaccine

or 7-valent Not related to

Patient age, vaccine related 7-valent vaccine Serotype 3
years (n = 351) (n=78) (n = 45)°
<1 112 (96.6) 4 (3.4) 2(1.7)
1 123 (93.9) 8 (6.1) 0 (0)
2-3 63 (86.3) 10 (13.7) 6 (8.2)
4-9 31 (48.4) 33 (51.6) 21 (32.8)
10-18 1(10.0) 9 (90.0) 6 (60.0)
>18 21 (60.0) 14 (40.0) 10 (28.6)

NOTE. Percentages shown are based on the total number of patients in

each age group (see paragraph 1 of the Results section).

@ The 45 serotype 3 isolates are included in the group of 78 isolates not
related to the 7-valent vaccine.
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Table 3.  Susceptibility of vaccine-related and non-vaccine-
related serotypes.

Percentage of isolates susceptible

Vaccine Not vaccine
All related related
Agent (n = 500) (n = 418) (n =82 P
Penicillin 46.2 32.8 92.7 <.001
Amoxicillin 82.6 79.7 97.6 <.001
Azithromycin 56.8 48.6 98.7 <.001
Clindamycin 84.2 81.1 100 <.001
TMP-SMZ 41.2 30.9 93.9 <.001
NOTE. TMP-SMZ, trimethoprim-sulfamethoxazole.

@ Comparing vaccine-related with non-vaccine-related groups.

Coverage of the drug-resistant strains by the 7-valent vac-
cine. Table 1 and figure 1 show the heptavalent vaccine’s
potential coverage of antibiotic-resistant isolates. Coverage of
the resistant strains by the 7-valent vaccine, as well as by the
candidate 9- and 11-valent vaccines, was >97%. The majority
(93%-100%) of the nonvaccine serogroup isolates were sus-
ceptible to the antibiotics tested. There was no significant dif-
ference in rates of coverage for resistant isolates when the 7-,
9-, and 11-valent vaccines were compared. Five serotypes—19E,
14, 6B, 23F, and 9V—accounted for 328 (66%) of all the isolates
and 224 (78%) of the penicillin-nonsusceptible strains; these 5
serotypes are included in all 3 conjugate vaccines. When other
serotypes of each serogroup are considered to be covered by
the vaccines, 409 (82%) of all the isolates and 280 (98%) of
the penicillin-nonsusceptible isolates would be covered. The ad-
dition of serotype 3 to these 5 vaccine-related serotypes would
improve overall coverage to 454 isolates (91%) but would result
in no increase in coverage of penicillin-nonsusceptible isolates.
However, most of the type 3 isolates were recovered from older
children and adults.

When vaccine coverage of isolates resistant to penicillin (ex-
cluding those that were intermediate), azithromycin, or TMP-
SMZ was considered, virtually all resistant isolates again be-
longed to serotypes included in the 7-valent vaccine or to
related serotypes (figure 1). Therefore, although the 7-valent
vaccine potentially covers 83.6% of vaccine and vaccine-related
types, it potentially covers 97.7% of antibiotic-resistant types.

DISCUSSION

The recently licensed 7-valent conjugate vaccine has been
shown to reduce mortality and morbidity due to pneumococcal
disease [12, 14]. Evidence of such reductions occurring among
patients with AOM was recently shown by a Finnish otitis media
vaccine efficacy study [14]. This study showed that vaccine
efficacy in patients with AOM was 57% for vaccine types and
that, in addition, the vaccine’s efficacy was 51% for vaccine-

related types. Vaccine efficacy was highest for vaccine type 6B
(84%), and efficacy was also statistically significant for vaccine-
related type 6A (57%). However, vaccine efficacy was lowest
for vaccine type 19F (25%), and there was a 34% increase in
nonvaccine types; therefore, the overall reduction in pneu-
mococcal AOM was 34%.

Although vaccination with conjugate vaccines reduces the
rate of nasopharyngeal colonization with S. pneumoniae sero-
types in the vaccine [24], nonvaccine serotypes have been found
to colonize vaccinated individuals, replacing vaccine serotypes
[25]. This substitution of vaccine serotypes with nonvaccine
serotypes, as well as geographic- and age-associated variations
in serotype distribution, may affect the coverage of the pneu-
mococcal conjugate vaccines, which contain a limited number
of serotypes. As such, continued surveillance of the pneumo-
coccal serotype distribution is necessary to assess coverage and
guide the choice of the serotypes to be included in future con-
jugate vaccines.

In this cross-sectional study, we found that most of the otitis
media isolates studied would be covered by the conjugate vac-
cines. Because there is cross-reactivity among serotypes of the
same serogroup [14], coverage of a particular serotype should
be extended to other members of the serogroup. Coverage by
the 7-valent and 9-valent vaccines was similar (at 83.6% and
84%, respectively), but it increased to 94% for the 11-valent
vaccine. Serotype 3, which is included in the 11-valent vaccine
but is not included in the 7- and 9-valent vaccines, was re-
sponsible for most of the difference in coverage. Two limitations
of this study are that it is cross-sectional analysis of isolates
obtained from patients in surveillance and otitis media studies
and that information on the clinical presentation and anti-
microbial history of patients was not available for most isolates.
However, it would be difficult to obtain a large number of
isolates from patients presenting with AOM, because tympan-
ocentesis would have to be performed for >2000 patients. Nev-
ertheless, this study provides information on available isolates
and may provide more clinically relevant information than a
planned study, because our study isolates are likely to have been
recovered from patients with severe disease or treatment failure.

Inability to respond to treatment because of antibiotic-
resistant pneumococci has been reported [7, 26]. Antibiotic
pressure results in selection of resistant strains in the naso-
pharynx, and, from that location, they cause disease or spread
to other individuals [27-29]. In our study, >97% of all isolates
that were resistant to any drug tested would be covered by all
3 conjugate vaccines. Because the pneumococcal conjugate vac-
cines are able to prevent colonization with S. pneumoniae of
the serotypes included in the vaccine, these vaccines are po-
tentially able to markedly reduce AOM due to antibiotic-re-
sistant serotypes [26]. However, it is possible that nonvaccine
serotypes that replace vaccine serotypes in the nasopharynx will

Pneumococcal Conjugate Vaccine Serotypes ¢« CID 2001:33 (1 November) * 1493



develop resistance and spread in the populations, causing dis-
ease of a similar magnitude if virulence is comparable. However,
even under these circumstances, these nonvaccine serotypes
would initially have little antimicrobial resistance, and this
would be a significant improvement over the current situation.
However, detection of penicillin resistance in nonvaccine se-
rotype 29 isolates is a particular concern because resistance has
not been described previously in this serotype.

This study has documented the predominant serotypes of .
pneumoniae isolated from middle ear fluid samples from out-
patients in the United States, the extensive antimicrobial re-
sistance of the most common types, and the potential effect
on AOM of the newly licensed 7-valent pneumococcal vaccine.
Use of this vaccine, as well as judicious antimicrobial use, has
the potential to greatly reduce the incidence of pneumococcal
AOM in children and, hence, decrease the overall selective pres-
sure of antimicrobials on bacterial pathogens and commensals.

Acknowledgment

We thank Wyeth-Lederle Vaccines for financial support for
serotyping isolates.

References

1. Teele DW, Klein JO, Rosner B, et al. Middle ear disease and the practice
of pediatrics: burden during the first five years of life. JAMA 1983;
249:1026-9.

2. Eskola J, Takala AK, Kilpi TM, et al. Clinical evaluation of new pneu-
mococcal vaccines: the Finnish approach. Dev Biol Stand 1998;95:
85-92.

3. Del Beccaro MA, Mendelman PM, Inglis AF, et al. Bacteriology of acute
otitis media: a new perspective. ] Pediatr 1992;120:81-4.

4. Prevention of pneumococcal disease: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Morb Mortal
Wkly Rep 1997; 46(RR-8):1-24.

5. Klein JO. Otitis media. Clin Infect Dis 1994;19:823-33.

6. Howie VM, Ploussard JH. Efficacy of fixed combination antibiotics
versus separate components in otitis media: effectiveness of erythro-
mycin estrolate, triple sulfonamide, ampicillin, erythromycin esto-
late—triple sulfonamide, and placebo in 280 patients with acute otitis
media under two and one-half years of age. Clin Pediatr 1972;11:
205-14.

7. Dagan R. Can the choice of antibiotics for therapy of acute otitis media
be logical? Eur J Clin Microbiol Infect Dis 1998;17:1-5.

8. Munford RS, Murphy TV. Antimicrobial resistance in Streptococcus
pneumoniae: can immunization prevent its spread? ] Investig Med
1994; 42:613-21.

9. Temple K, Greenwood B, Inskip H, Hall A, Koskela M, Leinonen M.
Antibody response to pneumococcal capsular polysaccharide vaccine
in African children. Pediatr Infect Dis J 1991;10:386—90.

10. Rubin LG. Pneumococcal vaccine. Pediatr Clin North Am 2000;47:
269-85.

11. Fedson DS, Musher DM, Eskola J. Pneumococcal vaccine. In: Plotkin
SA, Orenstein WA, eds. Vaccines. 3d ed. Philadelphia: Saunders, 1999:
588-606.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Eskola J, Antilla M. Pneumococcal conjugate vaccine. Pediatr Infect
Dis J 1999;18:543-51.

Shinefield HR, Black S. Efficacy of pneumococcal conjugate vaccines
in large scale field trials. Pediatr Infect Dis ] 2000; 19:394-7.

Eskola J, Kilpi T, Palmu A, et al. Efficacy of a pneumococcal conjugate
vaccine against acute otitis media. N Engl ] Med 2001 344:403-9.
Hausdorff WP, Bryant ], Paradiso PR, et al. Which pneumococcal
serogroups cause the most invasive disease: implications for conjugate
vaccine formulation and use, part I. Clin Infect Dis 2000;30:100-21.
Hausdorff WP, Bryant J, Kloek C, et al. The contribution of specific
pneumococcal serogroups to different disease manifestations: impli-
cations for conjugate vaccine formulation and use, part II. Clin Infect
Dis 2000; 30:122—40.

Butler JC, Breiman RF, Lipman B, et al. Serotype distribution of Strep-
tococcus pneumoniae infections among preschool children in the United
States, 1978—1994: implications for development of a conjugate vaccine.
] Infect Dis 1995;171:885-9.

Dagan R, Yagupsky P, Goldbart A, Wasas A, Klugman K. Increasing
prevalence of penicillin-resistant pneumococcal infections in children
in southern Israel: implications for future immunization policies. Pe-
diatr Infect Dis ] 1994;13:782—6.

Jacobs MR, Appelbaum PC. Antibiotic-resistant pneumococci. Rev
Med Microbiol 1995;6:77-93.

Jacobs MR, Dagan R, Appelbaum PC, Burch D. Prevalence of anti-
microbial-resistant pathogens in middle ear fluid: multinational study
of 917 children with acute otitis media. Antimicrob Agents Chemother
1998;42:589-95.

Jacobs MR, Bajaksouzian S, Zilles A, Lin G, Pankuch GA, Appelbaum
PC. Susceptibilities of Streptococcus pneumoniae and Haemophilus in-
fluenzae to 10 oral antimicrobial agents based on pharmacodynamic
parameters: 1997 US surveillance study. Antimicrob Agents Chemother
1999;43:1901-8.

Jacobs MR, Bajaksouzian S, Lin G, Zilles A, Pankuch GA, Appelbaum
PC. Susceptibility of Streptococcus pneumoniae, Haemophilus influenzae,
and Moraxella catarrhalis to oral agents: results of a 1998 US outpatient
surveillance study [abstract 61]. In: Programs and abstracts of the 39th
Interscience Conference on Antimicrobial Agents and Chemotherapy
(San Francisco). Washington, DC: American Society for Microbiology,
1999:144.

National Committee for Clinical Laboratory Standards (NCCLS).
Methods for dilution antimicrobial susceptibility tests for bacteria that
grow aerobically. Approved standard M7-A5. Villanova, PA: NCCLS,
2000.

Dagan R, Muallem M, Melamed R, et al. Reduction of pneumococcal
nasopharyngeal carriage in early infancy after immunization with tet-
ravalent pneumococcal vaccines conjugated to either tetanus toxoid or
diphtheria toxoid. Pediar Infect Dis ] 1997;16:1060—4.

Obaro SK, Adegbola RA, Banya WA, et al. Carriage of pneumococci
after pneumococcal vaccination [letter]. Lancet 1996;248(9022):271-2.
Ball P. Therapy for pneumococcal infection at the new millennium:
doubts and certainties. Am ] Med 1999;107:5S77-85.

Yagupsky P, Porat N, Fraser D, et al. Acquisition, carriage, and trans-
mission of pneumococci with decreased antibiotic susceptibility in
young children attending a day care facility in southern Israel. J Infect
Dis 1998;177:1003-12.

Givon-Lavi N, Dagan R, Fraser D, Yagupsky P, Porat N. Marked dif-
ferences in pneumococcal carriage and resistance patterns between day
care centers located within a small area. Clin Infect Dis 1999;29:
1274-80.

Syrogiannopoulos GA, Grivea IN, Beratis NG, et al. Resistance patterns
of Streptococcus pneumoniae from carriers attending day-care centres
in southwestern Greece. Clin Infect Dis 1997;25:188—94.

1494 « CID 2001:33 (1 November) ¢ Joloba et al.



