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Introduction

Streptococcus pneumoniae is a common pathogen causing
pneumonia, sinusitis, acute otitis media and meningitis.1

The increase in S. pneumoniae resistant to penicillin and
other antimicrobial agents is now recognized as a global
threat.

Mutants of S. pneumoniae resistant to penicillin G were
selected soon after the introduction of penicillin G yet 
clinical resistance was not reported until 20 years later.
Hansman & Bullen were the first to report penicillin-
resistant S. pneumoniae.2 Their strain was isolated in 
Australia from the sputum of a patient with hypogamma-
globulinaemia. After this initial report, penicillin resistance
became problematic in South Africa in 1977 and within 
the next decade was reported from several continents 
in the world.3 A recent report from a surveillance 
study conducted in the USA indicated that 33.5% of 
9190 S. pneumoniae isolates from 1996 to 1997 were resis-
tant to penicillin, emphasizing the magnitude of this prob-
lem.4

Based on the current guidelines for in-vitro testing, S.
pneumoniae isolates can be divided into three categories:
penicillin susceptible (PSSP; MICs 0.06 mg/L), penicillin
intermediate (PISP; MICs 0.12–1.0 mg/L) and penicillin
resistant (PRSP; MICs 2.0 mg/L).5 Penicillin resistance is
associated with the presence of up to five low-affinity peni-
cillin binding proteins (PBPs), including PBPs 1a, 1b, 2a, 2b
and 2x. The emergence of low -lactam affinity appears to
have evolved not by mutation but by acquisition of foreign
DNA.6 Resistance to extended-spectrum cephalosporins is
currently limited to changes in PBP1 and PBP2x, which are
encoded by closely linked genes that can be transferred en
bloc to a susceptible host.

With the increase in penicillin resistance, in-vitro 
susceptibility testing has become necessary to guide treat-
ment. Vancomycin is currently the only approved anti-
biotic that is universally active against multiresistant 
S. pneumoniae. In order to help direct therapy of PRSP, we
determined the in-vitro activities of 29 antimicrobial agents
against 22 PISP and 16 PRSP. Comparative in-vitro activi-
ties of penicillin, aminopenicillins, carbapenems, cephalo-
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sporins, macrolides, quinolones, glycopeptides and other
antimicrobial agents are reported in this article.

Materials and methods

Twenty-two PISP and 16 PRSP sequential isolates were
recovered from various sources. The PISP isolates were
from the following types of specimens: respiratory (14), eye
(4), blood (3) and cerebrospinal fluid (1), while the PRSP
isolates were from respiratory (9), eye (4), blood (1),
wound (1) and urine (1) specimens. Isolates with penicillin
MICs of 2.0 mg/L were considered resistant and those
with MICs of 0.12–1.0 mg/L were classified as intermediate.

MICs were determined by microbroth dilution. Stan-
dard powders provided by the manufacturers were used to
prepare stock antibiotic dilutions as outlined in the NCCLS
standards.5 Two-fold antimicrobial dilutions were made in
cation-adjusted Mueller–Hinton broth supplemented with
3% lysed horse blood (final concentration) (Cleveland 
S c i e n t i fic, Cleveland, OH, USA). Antimicrobial concentra-
t i o n s were started at 64 mg/L and serial two-fold dilutions
were made to 0.03 mg/L. The inocula were prepared f r o m
an 18 h pure cultures in saline, adjusted to a 0.5 McFarland
s t a n d a r d. The final bacterial concentration was 5 105 cfu.
S. pneumoniae ATCC 49619 was used as a control with
each antibiotic. Plates were incubated at 35°C for 20–22 h.
MBCs were performed following NCCLS guidelines and
were determined at the dilution representing 99.9% kill.5

Strains were tested against the following antimicrobial
agents: cefuroxime (Eli Lilly, Indianapolis, IN, USA),
cefmetazole (Upjohn, Kalamazoo, MI, USA), cefotaxime
(Hoechst Marion Roussel, Somerville, NJ, USA), ceftriax-
one (Hoffman LaRoche, Nutley, NJ, USA), ceftizoxime
(SmithKline Beecham, Philadelphia, PA, USA), cef-
tazidime (Glaxo–Welcome, Research Triangle Park, NC,
USA), cefprozil (Bristol Myers Squibb, Princeton, NJ,
USA), cefixime (Lederle, Wayne, NJ, USA), penicillin
(Bristol Myers Squibb), ampicillin/sulbactam (Pfizer, New
York, NY, USA), amoxycillin–clavulanic acid (SmithKline
Beecham), imipenem (Merck, Rahway, NJ, USA), mero-
penem (Zeneca, Pearl City, NY, USA), erythromycin
(Abbott, Abbott Park, IL, USA), tetracycline (Lederle),
doxycycline (Pfizer, New York, NY, USA), ciprofloxacin
(Miles, West Haven, CT, USA), clinafloxacin, sparfloxacin
(Park Davis, Ann Arbor, MI, USA), trovafloxacin (Pfizer),
clindamycin (Upjohn), vancomycin (Eli Lilly), rifampicin
(Merrel Dow, Cincinnati, OH, USA), trimethoprim/
sulphamethoxazole (TMP/SMX; Roche, Nutley, NJ, USA),
ramoplanin (Merrel Dow), quinupristin/daltopristin
(Rhône-Poulenc, Collegeville, PA, USA), linezolid
(Upjohn) and teicoplanin (Merrel Dow).

MICs were summarized using the box-plot method7,8

(Figures 1 and 2). A box plot displays summary statistics for
the distribution of the data. The lower boundary of the box
is the 25th percentile and the upper boundary is the 75th

percentile. The horizontal line inside the box represents
the median. Fifty percent of the cases have values within
the box. The length of the box corresponds to the inter-
quartile range, the difference between the 75th and 25th
percentiles. Cases marked with an asterisk are more than
three box-lengths from the upper or lower edge of the box
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Figure 1. The activity of antimicrobial agents against penicillin-
intermediate S. pneumoniae.
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and are called extreme values. An open circle indicates 
values that are between 1.5 and 3 box-lengths from the
upper or lower edge of the box and are referred to as 
outliers. Lines drawn from the ends of the box represent
the largest and smallest values that are not outliers.

Therapeutic indices were calculated using published

achievable peak serum levels.9–11 The peak serum level was
divided by the MIC90 to obtain the therapeutic index.

Results

Among the classes of antimicrobials that were tested, wide
differences in susceptibility were demonstrated for both
PISP and PRSP (Figures 1 and 2). For the cephalosporins,
based on MIC90s, ceftriaxone and cefotaxime demon-
strated the best in-vitro activity for both PISP and PRSP.
There was a 32- to 64-fold difference between the most
active cephalosporins (ceftriaxone and cefotaxime) and the
least active (cefotetan).

Based on MIC90s, the order of activity against PISP 
was: ceftriaxone, cefotaxime ceftizoxime, cefuroxime 

cefprozil, cefmetazole cefixime, ceftazidime cefo-
tetan. The activity against PRSP according to MIC90s
was: ceftriaxone cefotaxime cefuroxime cefprozil 

cefixime, cefmetazole, ceftizoxime, ceftazidime cefo-
tetan (Figure 2a).

Of the quinolones, based on MIC90s, clinafloxacin and
trovafloxacin showed the greatest in-vitro activity. The
order of activity for both PISP and PRSP was clinafloxacin

trovafloxacin sparfloxacin ciprofloxacin (Figures 1c
and 2c). There was a 32- to 64-fold difference between the
most active (clinafloxacin) and the least active (cipro-
floxacin) quinolone. MBCs were within one tube of the
MIC for all antimicrobials tested.

A summary of the therapeutic indices is found in the
Table for all antimicrobials tested. Among the cephalo-
sporins, the MIC90s of cefprozil and cefixime were both
above the achievable peak serum levels. Other antimicro-
bials for which the MIC90s were above the achievable peak
serum levels for both PISP and PRSP included co-trimoxa-
zole, doxycycline, tetracycline and erythromycin.

When analysing antimicrobials with published NCCLS
breakpoints (Table), the order of percent susceptibility for
PISP was as follows: vancomycin rifampicin c e f t r i a x-
one cefotaxime clindamycin a m o x y c i l l i n – c l a v u l a n i c
acid cefuroxime erythromycin tetracycline 
imipenem c o - t r i m o x a z o l e5. For PRSP the order of 
p e rcent susceptibility was: vancomycin rifampicin 
cefotaxime clindamycin ceftriaxone imipenem 
tetracycline amoxycillin–clavulanic acid c o - t r i m o x a z o l e

erythromycin cefuroxime. As judged from their
MIC90s, ceftriaxone and cefotaxime had similar activities
against PRSP (MIC90s 1 and 2 mg/L, respectively). How-
ever, when they were compared based on published S.
pneumoniae NCCLS breakpoints for PRSP isolates, 87%
were susceptible to cefotaxime, while 49% were suscepti-
ble and 38% were intermediate to ceftriaxone.5

Multiresistant S. pneumoniae is defined as resistance to
three or more antibiotics.12 Antibiotics with published
NCCLS breakpoints (penicillin, erythromycin, co-trimoxa-
zole, rifampicin, cefuroxime, clindamycin, amoxycillin–
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Figure 2. The activity of antimicrobial agents against penicillin-
resistant S. pneumoniae.
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clavulanic acid, imipenem, vancomycin and cefotaxime)
were included in the identification of multiple drug resis-
tance.5 There were 94% of PRSP isolates and 36% of PISP
isolates demonstrating multiple drug resistance.

Discussion

Determining the susceptibility of S. pneumoniae has
become essential throughout most areas of the world
because of the widespread occurrence of penicillin resis-
tance. Furthermore, with the high proportion of multiple
antibiotic resistance, new alternatives must be sought for
the therapy of penicillin-resistant S. pneumoniae. The
treatment of specific sites of infection by this organism
requires not only in-vitro susceptibility data, but also an
understanding of the pharmacology of the specific agents.

To eradicate experimentally-induced meningitis in 
rabbits, the antibiotic concentration in the cerebrospinal
fluid must exceed the MBC by ten-fold.12 Antimicrobial
agents which have been used as therapy for PRSP menin-
gitis include penicillin, chloramphenicol, vancomycin, imi-
penem, cefotaxime, ceftriaxone and erythromycin. There
are advantages and disadvantages for each of these anti-
microbials when used to treat meningitis.6 Penicillin is 
inexpensive and safe, but requires very high doses (600,000
U/kg/day) and may not be active against isolates with high-
level resistance. All S. pneumoniae isolates to date are 
susceptible to vancomycin, but this antibiotic is potentially
toxic and shows unreliable penetration into the cerebro-
spinal fluid, and there have been reported treatment fail-
ures. Furthermore, as vancomycin resistance has been
reported in other Gram-positive cocci, clinicians should
anticipate the eventuality of vancomycin-resistant S. pneu -
moniae. If vancomycin is used, consideration of combina-
tion therapy with an extended-spectrum cephalosporin,
and/or rifampicin, has been advocated to achieve an 
additive or synergic effect. Imipenem is the most active 

-lactam but use of this agent has been tempered because
of its epileptogenic potential. Cefotaxime and ceftriaxone
are safe and generally effective and have been the agents of
choice for empirical therapy.12 These agents may also be
combined with vancomycin or rifampicin for isolates with
MICs of 2 mg/L.1 When high-level penicillin resistance is
suspected, the advisable agents are vancomycin, imipenem
or an extended-spectrum cephalosporin. In our study, the
other cephalosporins were not as active as cefotaxime or
ceftriaxone, suggesting that substituting within the same
class of agents may not be considered unless in-vitro testing
confirms the same degree of activity.

When considering treatment for S. pneumoniae bacter-
aemia, several factors have to be considered. It has been
shown that the outcome of PRSP bacteraemia is dependent
not only on the efficacy of penicillin, but also on the pres-
ence of underlying diseases.6 In adults, mortality may be
higher in infections caused by PRSP than in those caused

by PSSP.6 High-dose iv penicillin G (150,000–250,000
U/kg/day) is recommended for PISP. However, there have
been reports of resistant strains not responding to therapy
with penicillin, or ampicillin and therapy in these cases
should also be guided by selecting an agent which is active
against PRSP in vitro.6

The assessment of the incidence of PRSP otitis media
may be underestimated because of the infrequency with
which cultures are obtained in these cases. Studies have
shown that in daycare centres the association of PRSP with
otitis media is related to antibiotic prophylaxis.6 Since
meningitis is potentially a life-threatening complication 
of otitis media in children aged 12 months, ongoing 
surveillance of S. pneumoniae susceptibility testing is 
indicated for isolates from otitis media or its associated
complications. Such surveillance data may influence future
antimicrobial selections or clinical trial considerations in
the treatment of otitis media.

Our in-vitro study provides promising options, such as
ramoplanin, quinupristin/dalfopristin, teicoplanin and line-
zolid for possible clinical trials of PRSP and PISP. Further-
more, marked susceptibility differences within classes such
as cephalosporins indicate that antimicrobials within a class
are not interchangeable. Similarly, the quinolones also
showed substantial intraclass differences in their activities.
The avoidance of quinolones such as ciprofloxacin in life-
threatening S. pneumoniae infections seems appropriate,
but newer quinolones—such as trovafloxacin and clina-
floxacin—may be useful in treating these infections.

In-vitro antimicrobial activity against PISP and PRSP
needs to be monitored to identify changes in susceptibility
patterns, and to guide therapeutic decisions. Evaluation of
new agents within existing classes or in a novel class of
antimicrobial agents may be useful in identifying effective
alternative therapies for the grave threat presented by
penicillin-resistant S. pneumoniae.

References

1. Jacobs, R. F., Kaplan, S. L., Schutze, G. E., Dajani, A. S., Leg-
giadro, R. J., Rim, C. S. et al. (1996). Relationship of MICs to efficacy
of cefotaxime in treatment of Streptococcus pneumoniae infections.
Antimicrobial Agents and Chemotherapy 40, 895–8.

2. Hansman, D. & Bullen, M. M. (1967). A resistant pneumococcus.
Lancet ii, 264–5.

3. Appelbaum, P. C. (1992). Antimicrobial resistance in Streptococ-
cus pneumoniae: an overview. Clinical Infectious Diseases 15,
77–83.

4. Thornsberry, C., Ogilvie, P., Kahn, J. & Mauriz, Y. (1997).
Surveillance of antimicrobial resistance in Streptococcus pneumo-
niae, Haemophilus influenzae, and Moxarella catarrhalis in the
United States during the 1996–97 respiratory season. In Program
and Abstracts of the Thirty-Fifth Annual Meeting of the Infectious
Diseases Society of America, Abstract 52, p. 12. ISDA, San Fran-
cisco, CA, USA.

5. National Committee for Clinical Laboratory Standards. (1997).
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria

35

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/43/1/31/749949 by guest on 21 August 2022



O. Manzor et al.

that Grow Aerobically—Fourth Edition: Approved Standard M7-A4.
NCCLS, Villanova, PA.

6. Jacobs, M. (1992). Treatment and diagnosis of infections caused
by drug-resistant Streptococcus pneumoniae. Clinical Infectious
Diseases 15, 119–27.

7. Donnelly, J. P. (1992) Describing and comparing in-vitro anti-
microbial activity by the box-plot technique. Journal of Antimicrobial
Chemotherapy 30, 713–9.

8. Shoukri, M. M. & Edge, V. L. (1996). Statistical Methods for
Health Sciences. CRC Press, Boca Raton, FL.

9. Sanford, J. P., Gilbert, D. N. & Sande, M. A. (1996). Guide to
Antimicrobial Therapy, 26th edn. Dallas, TX. Antimicrobial Therapy
Incorporated, Vienna, VA, USA.

10. Mandell, G. L., Bennett, J. E. & Dolin, R. (1995). Mandell, Dou-
glas and Bennett’s Principles and Practices of Infectious Diseases,
4th edn. Churchill Livingstone, New York.

11. Vincent, J., Teng, R., Dogolo, L. C., Schumacer, D., Willavize,
S. A. & Friedman, H. L. (1996). Trovafloxacin and ofloxacin profiles
in ambulatory subjects matched for age and gender. In Program and
Abstracts of the Thirty-Sixth Interscience Conference on Antimicro-
bial Agents and Chemotherapy, New Orleans, LA, 1996. Abstract
A6, p. 2. American Society for Microbiology, Washington, DC.

12. Friedland, I. R. & McCracken, G. H. (1994). Management of
infections caused by antibiotic-resistant Streptococcus pneumoniae.
New England Journal of Medicine 331, 377–82.

13. McDougal, L. K., Facklam, R., Reeves, M., Hunter, S., Swen-
son, J. M., Hill, B. C. et al. (1992). Analysis of multiple antimicrobial-
resistant isolates of Streptococcus pneumoniae from the United
States. Antimicrobial Agents and Chemotherapy 36, 2176–84.

14. Kleiman, M. D., Weinberg, G. A., Reynolds, J. K. & Allen, S. D.
(1993). Meningitis with - lactam resistant Streptococcus pneumo-
n i a e: the need for early repeat lumbar puncture. Pediatric Infectious
Disease Journal 1 2, 782–4.

15. Musher, D. M. (1992). Infections caused by Streptococcus
pneumoniae: clinical spectrum, pathogenesis, immunity, and treat-
ment. Clinical Infectious Diseases 14, 801–7.

16. Koornhof, H. J., Wasas, A. & Klugman, K. (1992). Antimicrobial
resistance in Streptococcus pneumoniae: a South African perspec-
tive. Clinical Infectious Diseases 15, 84–94.

17. Marshall, K. J., Musher, D. M., Watson, D. & Mason, E. O.
(1993). Testing of Streptococcus pneumoniae for resistance to peni-
cillin. Journal of Clinical Microbiology 31, 1246–50.

18. Sigler, A. J. & Trexler-Hessen, M. (1993). Antibiotic resistance
in clinically important gram-positive cocci. Infections in Medicine 10,
20, 37–40, 43.

19. Klugman, K. P., Friedland, I. R. & Bradley, J. S. (1995). Bac-
tericidal activity against cephalosporin-resistant Streptococcus
pneumoniae in cerebrospinal fluid of children with acute bacterial
meningitis. Antimicrobial Agents and Chemotherapy 39, 1988–92.

20. Paris, M. M., Ramilo, O. & MaCraken, G. H. (1995). Manage-
ment of meningitis caused by penicillin-resistant Streptococcus
pneumoniae. Antimicrobial Agents and Chemotherapy 39, 2171–5.

21. D’Amato, R. F. D., Swenson, J. M., McKinley, G. A., Hochstein,
L., Wallman, A. A., Cleri, D. J. et al. (1987). Quantitative antimicro-
bial susceptibility test for Streptococcus pneumoniae using inoculum
supplemented with whole defibrinated sheep blood. Journal of 
Clinical Microbiology 25, 1753–6.

22. Chesney, P. J. (1992). The escalating problem of antimicrobial
resistance in Streptococcus pneumoniae. American Journal of 
Diseases of Children 146, 912–6.

23. Bron, N. J., Dorr, M. B., Mant, T. G., Webb, C. L. & Vassos, A.
B. (1996). The tolerance and pharmacokinetics of clinofloxacin (CI-
960) in healthy subjects. Journal of Antimicrobial Chemotherapy38,
1023–9.

Received 7 January 1998; returned 16 March 1998; revised 11 May
1998; accepted 21 August 1998

36

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/43/1/31/749949 by guest on 21 August 2022


