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Drawbacks of antibiotic
susceptibility 
of Streptococcus pneumoniae
Valutazione della sensibilità agli antibiotici 
di Streptococcus pneumoniae
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T
he spread of Streptococcus pneumoniae non-
susceptible to penicillin (PNSP) has be-
come a global concern [1-3]. Resistance to

third-generation cephalosporins as well as
non-β-lactam antibiotics such as macrolides, ri-
fampin, cotrimoxazole, tetracycline, and fluo-
roquinolones has also been described and is of-
ten associated with penicillin resistance [4, 5]. 
The authors report the antibiotic resistance of
S. pneumoniae isolated at the Laboratory of
Bacteriology, Infectious Diseases Department,
Perugia University, on the part of patients ad-
mitted in medical departments. Only the first
isolate of each patient was included. S. pneu-
moniae was identified by standard methods.
Penicillin susceptibility was performed by
standard agar screening test, subsequently
MICs were determined with macrobroth dilu-
tion. Macromethod MICs were determined
also for ceftriaxone, cotrimoxazole, lev-
ofloxacin, moxifloxacin, and quinupristin/
dalfopristin. Susceptibility categories were
”susceptible”, “intermediate” and ”resistant”
as defined by the National Committee for
Clinical Laboratory Standards [6].

During a 10-year period (January 1993-De-
cember 2002) a total of 124 strains of S. pneu-
moniae were isolated. Sixty-nine/124 strains
were available for extensive susceptibility
tests. Forty-six/69 (66.7%) strains were cul-
tured from patients admitted at the Infectious
Diseases Department. All 69 strains were from
adult patients (age > 18 years), 24 (34.8%) fe-
male, 45 (65.2%) male; 30.4% from HIV posi-
tive patients. Solid or hematologic malignan-
cies, diabetes, renal diseases were the next
most common underlying conditions. Thirty-
three/69 (47.8%) strains were isolated from
sterile body fluids (blood, liquor, pleural or
peritoneal fluid), the remaining from non-
sterile samples. 
No strain was susceptible by agar screening
and resistant by broth macrodilution. Peni-
cillin non-susceptibility was detected for 14
strains (20.3%) by the agar screening and for 9
isolates (13.0%) by the MIC test. Inhibition
zones below the respective cutoff zone for
oxacillin had to have their penicillin MIC de-
termined. 
It is known that susceptible strains with MIC
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Table 1 - Proportion of PNSP from non-sterile and sterile body fluids. Department of Infectious Diseases, Uni-
versity of Perugia.

S (≤ 0.06 mg/L) I (0.12-1.0 mg/L) R (≥ 2 mg/L)
No/total (%) No/total (%) No/total (%)

Non sterile fluids (No 36) 29/36 (80.6) 3 /36 (8.3) 4/36 (11.1)

Sterile fluids (No 33) 31/33 (94.0) 1/33 (3.0) 1/33 (3.0)

Total (No 69) 60/69 (87.0) 4/69 (5.8) 5/69 (7.2)
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0.03-0.06 mg/l may be resistant by agar screen
test [7]. 
High level penicillin resistance was more
common than intermediate resistance (7.2%
versus 5.8%). It was more frequent among iso-
lates from non-sterile body fluids (11.1% ver-
sus 3.0%) (Table 1). The 2 PNSP strains from
sterile samples had an MIC of 0.31 mg/l and
>3.84 mg/l respectively. Both were from HIV
positive patients. The full resistant strain was
cultured from a man with AIDS visiting Peru-
gia from Australia. Pneumococcal infections
are a well-known complication of both HIV
infection and AIDS. 
Moreover HIV positive patients are consid-
ered at increased risk of infection with mul-
tiresistant pneumococci [8].
The proportion of penicillin-resistant isolates
during the 10-year period of observation re-
mained more or less stable, just below the
rates reported in other studies [1-3, 5]. Except
for cotrimoxazole all pneumococcal isolates
resulted susceptible to ceftriaxone, quin-
upristin-dalfopristin and fluoroquinolones
(Table 2). The high proportion of cotrimoxa-
zole non-susceptibility observed in this series
could be related to the high prevalence of
HIV positive patients at risk for harboring

multi-resistant S. pneumoniae. In the setting of
HIV infection/AIDS active antiviral strate-
gies (HAART) reduced the occurrence of both
opportunistic infections including pneumo-
coccal infections and the antibiotic burden,
and we could expect a positive impact on an-
tibiotic susceptibility of S. pneumoniae cul-
tured from this patient group as well as from
others. 
In agreement with other studies moxifloxacin
was more active than levofloxacin. The re-
spective MIC90 were 0.23 mg/l (breakpoint ≤1)
and 1.25 mg/l (breakpoint ≤2) (Table 3). These
values suggest close resistance monitoring. At
present it is unclear whether fluoroquinolone
resistance is selected with its clinical use.
Nevertheless, an increase in ciprofloxacin and
levofloxacin resistance was reported in some
series and in vitro resistance was induced
with exposure to fluoroquinolones at concen-
trations above the MICs [1]. Moreover, recent
reports described pneumococcal pneumonia
failing to react to levofloxacin treatment due
to levofloxacin resistance.

Key words: Streptococcus pneumoniae, antibi-
otic susceptibility

Table 2 - Susceptibility of S. pneumoniae to various antibiotics. Department of Infectious Diseases, University
of Perugia.

Antibiotic (No) S No (%) I No (%) R No (%)

Cotrimoxazole (39) 24 (61.6) 4 (10.2) 11 (28.2)

Ceftriaxone (33) 33 (100)  

Levofloxacin (20) 20 (100)  

Moxifloxacin (22) 22 (100)  

Quinupristin/dalfopristin (21) 21 (100)  

Table 3 - MIC50 and MIC90 of penicillin and other antibiotics. Department of Infectious Diseases, University of Pe-
rugia.

Antibiotic (N°) MIC50 (mg/L) MIC90 (mg/L) Breakpoint (mg/L)

Penicillin (63) 0.03 0.2 ≤ 0.06

Cotrimoxazole (39) 0.5/2.5 >4/20 ≤ 0.5/9.5

Ceftriaxone (33) 0.05 0.6 ≤ 0.5* e ≤ 1**

Levofloxacin (20) 0.75 1.25 ≤ 2

Moxifloxacin (22) 0.12 0.23 ≤ 1

Quinupristin/dalfopristin (21) 0.2 0.4 ≤ 1
*For liquor isolates; **For respiratory and non-meningeal isolates.
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During 10 years penicillin resistance among
clinical isolates of S. pneumoniae was more or
less stable. The cumulative proportion of
penicillin non susceptible S. pneumoniae
(PNSP) was 13.0%; 7.2% when isolates with
MIC ≥ 2 mg/l were considered. Among

PNSP only 2 strains were isolated from ster-
ile body fluids, one having MIC >3.84 mg/l.
Lack of susceptibility to cotrimoxazole was
38.4%. All isolates were susceptible to ceftri-
axone, levofloxacin, moxifloxacin, and quin-
upristin-dalfopristin.

SUMMARY

Complessivamente tra gli isolati clinici di
S.pneumoniae degli ultimi 10 anni, il 13% si è
mostrato penicillina non sensibile (PNSP); 7,2%
considerando gli isolati con MIC ≥ 2 mg/l. Solo 2
ceppi di PNSP provenivano da campioni sterili,

uno dei quali con MIC>3,84. Il 38,4% degli iso-
lati si è mostrato non sensibile al cotrimoxazolo,
mentre tutti erano sensibili a ceftriaxone, lev-
ofloxacina, moxifloxacina e quinupristin/dalfo-
pristin.
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