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Abstract 

The aim of the scudy is ro determine rhe antibiotic susceptibility of Moraxella catarrhalis, Streptococcus 
pneumoniae and Haemophilus injluenz.ae co commonly used antibiotics and newer fluoroquinolones, 
excended-specrrum cephalosporins and macrolide. 

A total of 33 M catarrha!is, 20 I H injluenzo.e and 148 S. pneumoniae mains isolated from 
clinical specimens were subjected to antibiotic susceptibility testing by determination of minimum 
inhibitory concenrracion (MIC). MIC of antibiotics was determined using agar dilution method as 
outlined by NCCLS. 

S. pneumoniae resiscanr to penicillin was seen in 9.6% of isolates; suscepribility of M. catarrhalis 
to ampicillin and tetracycline was 21 o/o and 97% respectively. The majority of che H. injluenzae (9) %) 
was srill susceptible co chloramphenicol. Trovailoxacin was the most effective antibiotic against the 3 
organisms reseed, as all isolates tested were susceptible. Ciprofloxacin and cefepime were equally acrive 
against M. catarrhalis. Cefepime was more effective rhan fluoroquinolones againsr S. pneumoniae. Of 
rhe cwo fluoroquinolones tested, resistance co ciprofloxacin has emerged in Malaysian S. pneumoniae 
isolates. 
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lntroduction 

Respiratory tract infections (RTis) are the commonest 
cause of illness of all ages globally. Imporcanc RTis in­
clude, acute pharyngitis, acute otitis media, acute exac­
erbation of chronic bronchitis, acute/chronic sinusitis 
and milder form of pneumonia. Lower respiratory trace 
infections (LRTis) are the mosc common diseases of 
humans with approximately 5 per thousand per year 
suffering from a persistent infection (Garibaldi, 1985). 
Community acquired pneumonia is a major problem, 
and is the sixth highest cause of death worldwide (Barlett 
et al., I 995). Major bacrerial pathogens isolated from 
respiratory rracr infections include S. pneumoniae, H. 

injluenzae, Haemophi!us spp. and Moraxella catarrhalis 
(Marrie, 1994; Smich et al., 1976). 

The use of appropriate antimicrobial is vital because 
even mild respiratory tract infecrions can potentially 
lead co seriOLL\ complications. Ten ro 20 years ago ir 
was much easier co treat respiratory trace infections be­
cause resistance co commonly used anribiotics was rare. 
However resistance has now increased ro such an e x ­
tent that many previously used antibiotics can no longer 
be effective. 

The aim of the study is co determine the anribiotic 
susceptibility of M. ratarrhalis, S. pnmmoniae and H 
influenzo.e ro commonly used antibiotics and co newer 
fluoroquinolones, extended-spectrum cephalosporins 
and macrolide. 

Materials and Methods 
Bacterial straim 
A roraJ of 33 M catan·halis were isolated in 1991-1993 
from sputum of patients with pneumonia where no 
other pathogens were isolated. The strains were identi­
fied by their ability to utilise carbohydrates, presence of 
oxidase, catalase and deoxyribonuclease enzymes. 

S. pneumoniae and H influenzae were clinical iso­
lates in 1995 to 1997 from blood or spurum of patients 
presenting wich pneumonia. A small proportion of che 
S. pneumoniae and H. influenzae strains were isolated 
from cerebrospinal fluid (CSP) obtained from 5 state 
hospitals in the country. The colony morphology and 
gram stain appearance were used for strain idcnrifica­
cion; S. pneumoniae was identified by susceptibility to 
opcochin, and H influenzae by requirement for X & V 
factors. 

All the strains were scored in glass beads coarcd wich 
glycerol brorh and kept al -70°C ulllil tested. 

Antibiotics 
All the 3 organisms were tested against cefuroxime, 
cefcpime, ciproOoxacin and trovafloxacin. M. catarrhalis 
and H. influenzae were also tested against ampicillin 
and recracycline. Chloramphenicol was tested alone 
against H. influenzo.e, and azirhromycin, penicillin G, 
cefaclor and ceftriaxone were tested against S. 
pneumoniae alone. The antibiotic powders were obrained 
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from Brisrol-Myers Squibb (cefcpime), Pfizer 
(trovafloxacin), Bayer (ciprofloxacin) and SIGMA (ocher 
ancibiocics). 

Minimum Jnhibitary Concentration 
Susceptibility of che isolares to antibiotics was deter­
mined by minimum inhibitory concentration (MIC) 
using agar dilution med1od as recommended by the 
National Committee for Clinical Laboratory Standards 
(NCCLS, 1997). 

The test medium used was Mueller-Hinron (MH) 
agar for M catarrhalis, Mueller-Hinton blood agar 
(M HBA) for S. pneumoniae and Haemophilus test me­
di um (HTM) for H. influenzae. Direct bacterial sus­
pensions with wrbidiry equal co 0.5 Mac Farland stand­
ard were prepared from an overnight culture. The sus­
pensions were diluted 10 fold to serve as the inoculum 
and places were inoculated using a Denley multipoint 
inoculator which delivered approximately IO  I colony­
forming units. The test was run simultaneously with 
control organism S. aureus ATCC 25913, E. coli ATCC 
25922 and Ps. am,gmosaAfCC 27853. After inocula­
tion the plates were incubated ar 35°C for 18 hours 
before being read. H. mjluenzae and S. pneumoniae 
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were incubated in 5-10% CO,. The MIC was defined 
as the concenrration of antibiotic that inhibited all vis­
ible growth on the plate. 

Results 
The results were expressed a.� the MIC range, MIC 

\0 

and MIC90• The MIC�, and MIC,io are the concentra-
tions or the anribiotic chat inhibited 50% and 90% of 
rhe srrains tested respectively. Only 21.2% of M. 

catarrhalis tcsred were susceptible to ampicillin and 
96.8% were sensitive to tetracycline. A ll were suscep­
cible to extended spectrum cephalosporins, cefuroxime 
and cefepime. MIC,

,o 
of cefepime was one dilution lower 

rhan cefuroxime, ar 1.0 µI/ml. For flouroquinolones, 
suscepribilicy was 100% with MIC._> and MIC.,, much 
lower for rrovafloxacin compared co ciprofloxacin (Ta­
ble 1). The MIC

90 
of trovafloxacin agamscM. cat,mhal,s 

was 0.0078 mg/ml i.e. 3 dilurrons lower than 
ciprofloxacin, and 7 dilutions lower rhan cefep1me. 

Of the 201 strains of I l influenztte reseed, only 76.6% 
were inhibited by ampicillin at concemrarion (1.0 µg/ 
ml, the breakpoint for smceptibilicy to ampicillin. Sus­
ccpcibilicy to boch cefuroxime and cc:fepime was 99.5% 
bur the MIC,io was l.O µg/ml and 0.125 µg/ml respec-

Table 1: Activity of selected antimicrobial agents against M catarrhalis, H. influenuze and S. pneumoniae 

- --

Amimicrobial agents MIC�0 MIC90 Range % 
(µg/ml) (µg/ml) (µg/ml) su\cepcible 

M. catarrhafis (33) 
ampicillin 0.5 4.0 <0.03 I 3-4.0 21.2 
cefuroxime 1.0 2.0 0.25-2.0 100 

trovafloxacin 0.0039 0.0078 0.039-0.0 I 56 100 
tetracycline 0.5 1.0 0.0156-0.25- I 6.0 96.77 

ciprofloxacin 0.03125 0.0625 0.0313-0.125 100 
cefepime 0.25 1.0 0.0625-1.0 100 

H injluenzae (20 I) 
ampicillin 0.25 8.0 0.0625->8.0 76.62 
cefepime 0.0625 0.125 0.0156->6.0 99.51 

chloramphenicol 0.5 1.0 0.125-16.0 91.55 
ciprofloxacin 0.0078 0.0156 0.0039->0.5 99.51 
tetracycline 0.5 2.0 0.125->16.0 89.05 
ccfuroxrme 0.5 1.0 0.125-8.0 99.5 I 

trovafloxaci n 0.0039 0.0156 0.001->0.125 100 
S. pneumoniae ( 148) 

azirhomycin 0.047 0.125 0.016->32.0 95.95 
amoxicillin-clavulanate 0.016 0.023 0.010-6.0 99.33 

cefuroxime 0.023 0.064 0.016-8.0 97.31 
ccfrriaxone 0.023 0.064 0.004-1.5 98.65 

penicillin G 0.016 0.047 0.002-4.0 90.56 
cefaclor 0.50 1.0 0.25->32 91.89 

cefepime 0.0156 0.03225 0.0078-2.0 99.71 
ciprofloxacin 0.5 1.0 0.25-8.0 98.2"7 
crovafloxacin 0.064 0.125 0.0.'32-0.25 100 
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tively. More rhan 91 % of H. influenzae reseed were 
susceptible to chloramphenicol. T he MJC

90 
of 

rrovafloxacin and ciprofloxacin for H. influenzae was 
0.0156 µg/ml but suscepcibility to rrovaAoxacin and 
ciprofloxacin was 100% and 91.5% respectively. 

Among the S. pneumoniae strains, penicillin suscep­
tibility was 90.6% with MIC

50 
ar 0.047 µI/ml. Suscep­

tibility co cephalosporin was higher, bet\veen 9 1  .9% for 
cefaclor and 99.7% for cefepime (Table I). Addition of 
�-laccamase inhibitor improved che performance of 
penicillin group wich 99.3% being susceptible ro 
amoxicillin-clavulanate. Among the llouroquinolones, 
rrovafloxacin demonstrated a beccer activity compared 
co ciprofloxacin where che MIC,io was at 0.125 �ti/ml 
(Table l). Cephalosporins were more active cowards S. 

pneumoniae compared co flournquinolones with M lC99 at 0.0313 µ1/rnl and 0.064 µI/ml for cefepime and 

cefuroxime respectively. 

Discussion 
Bera-lacramase- mediated amoxicillin resistance in H. 
injluenzae and M catarrhalis together with altered peni­
cillin-binding-protein mediated penicillin resistance in 
S. pneumonine have increased significandy in the past 
decade. �-lactamase-mediared amoxicillin resistance be­
tween 20-40% of S. pneumoniae isolates were reporred 
in Europe and North America and almost l 00% of M. 
catarrhaliswere P-laccamase producers Qorgensen, 1992; 
Kayser et al, 1990; Doern, 1995). The race of ampicil­
lin resiscance amongst rhe H. influenme sLrains reseed 
in chis study was much higher compared LO rhe Na­
tional SurveilJance data which was 16.4% in 1995 
(Rohani ,>t al., 1 999). Tbe prevalence of penicillin­
resistant pneumococci in Asia in the 1 980s was 2% in 
Malaysia (Cheong et al., 1988) and 8-12% in Pakistan 
and Bangladesh (Appelbum, 1992). The rares have risen 
in rhe 1990s, and in this study the resistance race was 
9.6%. 

The rate of ampicillin resistance among the isolates 
of M. catarrhalis rested was comparable co chat of che 
Alexander Project which found more than 90% �­
LKtamase producer in both European and United Scares 
Cencers (Gruneberg et al., 1996). We observec.l a 78.8% 
ampicillin resistance among rhe M catarrhalis suains 
in chis study. 

High levels of resistance to fluoroquinolones in these 
3 mosr common respiratory pathogens are emerging in 
many parts or the world. for example, MIC lO 

ciproAoxacin of 32 µg/ml or grearer is no longer a rare 
occurrence in the Western region of t.he United Scares 
and Europe for H. influenZ/1 and M catarrhalis (Gould 
et al. , 1994; Barriere et ttf., 1993; Corkill et 11.L., 1994; 
Cunliffe et al., 1995) and mosr curn:ncly available 
0uoroquinolone have marginal porency against srrep­
rococci such as pneumococci. In this srudy ciprofloxacin 
MIC of >32 µg/ml was observec.l in 5. p11eumo11it1e. 

Trovaf1oxacin, 7-(3-asabicyclo [3,1,0] hexyl) -
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naphchyridano is a synthetic fluoroquinolone ancibi­
otic which possesses a broad spectrum activity against 
gram positive and gram negative bacteria, including 
chose resistant to ciprofloxacin (Eliopoulas et al., 1993; 
Gooding et al., 1993). This was observed among both 
H. injluenuze and S. pneu:moniae bur for H. influenz.ae 
the two flouroquinolones were equally active. 

Cefepime is a new semi-synthetic cephalosporine 
which has been shown to have high in vitro activity 
against Gram negative organisms and methicillin sensi­
tive S. aureus (Bodey et aL., 1985; Lim et al., 1993). 
Our finding showed that cefepime was equally active 
against M. catarrhalis and H. influenute. as well as for 
S. pneumoniae. 
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