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SUMMARY � Moraxella catarrhalis, a commensal of the nasopharynx, has been recognized with increasing
frequency as a potential pathogen in respiratory tract infections. The ß-lactamase production in Moraxella
catarrhalis, first described in 1977, has been ever more frequently reported in many countries of the world.
However, there have no such reports from Croatia so far. The aim of this study was to investigate antibiotic
susceptibilities and ß-lactamase production in Moraxella catarrhalis isolates from Croatia. Fifty Moraxella
catarrhalis strains were collected from various clinical specimens at Zagreb University Children�s Hospital
during the 1990-1992 period. Antibiotic susceptibilities to a wide range of antibiotics were determined by
the broth microdilution method according to NCCLS. In all strains, ß-lactamases were detected by the
disk chromogenic substrate (nitrocefin) test. The prevalence of ß-lactamase positive strains in the study
period was 100%. No resistance to amoxicillin/clavulanate, cephalexin, ceftibuten, tetracycline, erythromy-
cin, azithromycin and chloramphenicol was observed. In all strains, the activity of amoxicillin was strongly
enhanced in the presence of clavulanic acid. Older cephalosporins were equally active, however, the third
generation cephalosporin ceftibuten showed significantly lower minimal inhibitory concentrations com-
pared with older compounds. Among non ß-lactam antibiotics, tetracycline and erithromycin showed sim-
ilar activity. Azithromycin had a markedly stronger inhibitory activity in comparison with erythromycin and
tetracycline.  According to our results, amoxicillin combined with clavulanic acid should be the antibiotic of
choice for the treatment of infections caused by ß-lactamase positive isolates of Moraxella catarrhalis. Oral
cephalosporins, tetracycline, macrolides or azithromycin could be an option too.
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Introduction

Moraxella (M.) catarrhalis, a commensal of the nasophar-
ynx, has been recognized with increasing frequency as a
potential pathogen in respiratory tract infections1-2. It is an
important causative agent of lower respiratory tract infec-
tions, otitis media and sinusitis3-4. M. catarrhalis is fully
capable of causing systemic diseases such as septicemia

and meningitis in immunocompromised host5. These or-
ganisms have been transferred from the genus Neisseria6.
The ß-lactamase production in M. catarrhalis, first de-
scribed in 19777, has been ever more frequently reported
in many countries of the world, e.g., the Netherlands1,8,
Sweden9, United Kingdom10, Finland11, Italy12, Germany13,
United States14,15,Canada16,  Japan17, Hong-Kong, South
Korea18 and China19. There have been no reports on the
frequency of ß-lactamase production in M. catarrahis from
Croatia so far.

There are three types of ß-lactamases described: BRO-
1, BRO-2 and BRO-3 with similar substrate profiles, iso-
electric focusing patterns and sensitivity to inhibitors20-22.
They all are plasmid mediated, hydrolyze carbenicillin,
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cefaclor and methicillin (but not cloxacillin) as rapidly as
benzylpenicillin21, and are strongly susceptible to inhibi-
tion by clavulanate23-26. BRO ß-lactamases are transferable
from one strain to another by transconjugation due to plas-
mid location of the encoding gene27.

BRO ß-lactamase positive isolates of M. catarrhalis are
usually resistant to penicillin, amoxicillin, ampicillin and
carbenicillin but are susceptible to a combination of amox-
icillin and clavulanic acid28,29, oral and parenteral cepha-
losporins30,31, carbapenems32, macrolides, tetracyclines,
chloramphenicol33,34 and  fluoroquinolones34-36.

ß-lactamases of M. catarrhalis are produced in small
amounts and are located in periplasmic space26. The most
frequently used test for routine laboratory detection of this
enzyme is the chromogenic (nitrocefin) test37. Enzymes
can also be detected by acidimetric and iodometric pro-
cedures, however, they are more laborious and time con-
suming37. The reduced zone diameter around penicillin
disk can predict the presence of ß-lactamase38. Amoxicil-
lin combined with clavulanic acid (coamoxiclav) is the
antibiotic of choice for the treatment of infections caused
by lactamase positive  strains of M. catarrhalis39.

There are only a few reports on the characterization of
ß-lactamases in M. catarrhalis from Croatia40,41. The aim of
this study was to investigate antibiotic susceptibilities and
ß-lactamase production in M. catarrhalis isolates from
Croatia.

Materials and Methods

Bacteria

During the 1990-1992 period, 50 penicillin resistant M.
catarrhalis strains were collected at Zagreb University
Children�s Hospital from various clinical specimens (na-
sopharyngeal swab, middle ear fluid, sputum, bronchoaspi-
rates). The bacteria were identified by conventional bio-
chemical tests.

Detection of ß-lactamases

ß-Lactamases were detected by the commercially avail-
able chromogenic cephalosporin disk ß-lactamase test
containing nitrocefin as substrate (Cefinase disks; BBL
Microbiology Systems, Cockeysville, MD). The test was
repeated with crude enzyme preparations. Fifty µl of ni-
trocefin solution (500 mg/L) were mixed with unpurified
enzyme sample from each strain. The test was considered
positive if the yellow substrate color turned red8.

Minimal inhibitory concentrations

Minimal inhibitory concentrations (MIC) of ampi-
cillin, amoxicillin, amoxicillin/clavulanate, cephalexin,
cefuroxime, cefadroxil, cefprozil, ceftibuten, tetracy-
cline, erythromycin and azithromycin were determined
by a twofold microdilution technique using microtiter
plates and Mueller-Hinton broth inoculated with 105

CFU/ml42,43. The tested range of antibiotic concentra-
tions was 0.015-128 mg/L. Clavulanic acid was added to
amoxicillin in a fixed concentration of 4 mg/L. The
antibiotic powders were provided by the following man-
ufacturers: ampicillin, amoxicillin, clavulanate, cephal-
exin, cefuroxime, tetracycline, erythromycin, azithromy-
cin and chloramphenicol from Pliva, Zagreb, Croatia;
cefadroxil and cefprozil from Bristol Myers Squibb,
Zagreb, Croatia; and ceftibuten was kindly provided by
Prof. Ellen Stobbering (Maastricht University Hospital,
Maastricht, The Netherlands). The concentrations of
antibiotics which inhibited 50% and 90% of the strains
(MIC50 and MIC90) were calculated. Two reference
strains, M. catarrhalis Ravasio and M. catarrhalis 1908,
were used as quality control strains for MIC determi-
nation. The strains were kindly provided by Dr Chris-
tine Cooper (SmithKline Beecham Laboratories, Surrey,
UK).

Characterization of ß-lactamases

Strains were grown in Brain-Heart infusion broth at
37 °C with shaking and harvested during late log phase.
The cells were pelleted by centrifugation at 4 °C,
washed twice in 0.1 M phosphate buffer (pH, 7.0), and
resuspended in 1/50 of the original volume. After soni-
cation in ice-bath, the cellular debris were removed by
centrifugation at 14 000 rpm for 30 min at 4 °C. The
crude cellular extract was stored at -20 °C8.

The crude b-lactamase extracts were used to evalu-
ate their ability to break down b-lactam antibiotics
(ampicillin, cephalexin, cefuroxime, ceftibuten) by a
microbiologic method. Antimicrobial disks were impreg-
nated with crude extract from different isolates. The
inhibition zones produced by them and by nonimpreg-
nated disks against E. coli ATCC 25922 were compared.
Reduction of the inhibition zone with the impregnat-
ed disk was considered as evidence for b-lactamase ac-
tivity against the respective antimicrobial agent44.
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Results

Detection of ß-lactamases

In all strains, ß-lactamases were detected with both
nitrocefin tests.

Prevalence  of ß-lactamase positive M. catarrhalis strains

The prevalence  of ß-lactamase positive M. catarrhalis
strains was 100% (50/50).

Antibiotic susceptibilities

Antibiotic susceptibilities are shown in Table 1. MIC
ranges for various antibiotics were as follows: ampicillin 1-
32 mg/L; amoxicillin 4-32 mg/L; amoxicillin combined
with clavulanic acid 0.015-0.5 mg/L; cephalexin 1-16 mg/
L; cefuroxime 0.5-32 mg/L; cefprozil and cefadroxil 0.12-
32 mg/L; ceftibuten 0.015-1 mg/L; tetracycline and eryth-
romycin 0.015-0.5 mg/L; azithromycin <0.015-0.25 mg/L;
and chloramphenicol 0.06-1 mg/L. The concentrations of
particular antibiotics necessary to inhibit 50% of the strains
were as follows: azithromycin 0.015 mg/L; erythromycin
0.06 mg/L; tetracycline, amoxicillin+clavulanic acid and
ceftibuten 0.12 mg/L; chloramphenicol 0.25 mg/L; cef-
prozil and cefadroxil 1 mg/L; cefuroxime 2 mg/L; cephal-
exin and ampicillin 4 mg/L; and amoxicillin 8 mg/L. The
concentrations of particular antibiotics necessary to inhibit
90% of the strains were as follows: azithromycin 0.12 mg/
L; erythromycin, tetracycline and amoxicillin+clavulanic

acid 0.25 mg/L; ceftibuten and chloramphenicol 1 mg/L;
cefadroxil 4 mg/L; cefprozil, cefuroxime, cephalexin and
ampicillin 16 mg/L; and amoxicilline 32 mg/L. Eighty
percent (40/50) of the strains were resistant to amoxicil-
lin, 78% (39/50) to ampicillin, 4% (2/50) to cefadroxil, and
2% (1/50) to cefuroxime and cefprozil. No resistance to
cephalexin, ceftibuten, tetracycline, erythromycin, azithro-
mycin and chloramphenicol was observed. In all strains, the
activity of amoxicillin was strongly enhanced in the pres-
ence of clavulanic acid. Older cephalosporins were equal-
ly active, however, the third generation cephalosporin cef-
tibuten displayed significantly lower MICs compared with
older compounds. Among non ß-lactam antibiotics tetra-
cycline and erithromycin showed similar activity. Azithro-
mycin had a markedly stronger inhibitory activity in com-
parison with erithromycin and tetracycline.

Characterization of ß-lactamases

Crude β-lactamase extracts from M. catarrhalis strains
antagonized the activities of disks containing ampicillin
(10 µg). The enzymes did not affect the inhibition zones
around cephalosporin disks.

Discussion

The prevalence of ß-lactamase positive strains (100%)
in Croatia is equivalent to that in Japan18 and higher than
that in the United States (92%)15, Canada (89%)45, Far East

Table 1. Minimal inhibitory concentrations (MIC) of Moraxella catarrhalis; concentrations necessary to inhibit 50% and 90% of isolates
and percentage of resistant strains according to NCCLS

Antibiotic and MIC range MIC50 MIC90 Number and percentage
resistance breakpoint* (mg/L) of resistant strains

Ampicillin (≥4) 1-32 4 16 39/50 (78%)
Amoxicillin (≥8) 4-32 8 32 40/50 (80%)
Amoxicillin/clavulanate (≥8/4) 0.015-0.5 0.12 0.25 0/50 (0%)
Cephalexin  (≥32) 1-16 4 16 0/50 (0%)
Cefuroxime (≥32) 0.5-32 2 16 1/50 (2%)
Cefprozil (≥32) 0.12-32 1 16 1/50 (2%)
Cefadroxil (≥32) 0.12-32 1 4 2/50 (4%)
Ceftibuten (≥32) 0.015-1 0.12 1 0/50 (0%)
Tetracycline (≥8) 0.015-0.5 0.12 0.25 0/50 (0%)
Erythromycin (≥8) 0.015-0.5 0.06 0.25 0/50 (0%)
Azithromycin (≥8) <0.015-0.25 0.015 0.12 0/50 (0%)
Chloramphenicol (≥8) 0.06-1 0.25 1 0/50 (0%)

* Breakpoints for Haemophilus were used.



368 Acta clin Croat, Vol. 43, No. 4, 2004

B. Bedeniæ et al. Antibiotic susceptibilities and ß-lactamase production of moraxella catarrhalis isolates from zagreb, croatia

(97.6%)18, Italy (84%)12, Finland (96%)11, the Netherlands
(39%)8 and United Kingdom (90.8%)10.  All strains were
found to possess a ß-lactamase that was easily detectable
due to its extracellular location. Contrary to ß-lactamases
from Enterobacteriaceae with M. catarrhalis, there is no
need to release the enzymes from the cells by sonication
because of the lack of permeability barrier. The enzymes
from all strains were strongly inhibited by clavulanate. The
wide range of MICs for ampicillin and amoxicillin alone and
in combination with clavulanate could be attributed to
variable levels of enzyme production by M. catarrhalis
strains. The substrate profile of the enzymes was typical
for penicillinase type of ß-lactamases. They did not hydro-
lyze significantly cephalosporin substrates although the
MICs for cephalosporins are generally lower in ß-lactamase
negative strains, as reported elsewhere8,10. In our collection,
there were no ß-lactamase negative strains to compare
their MICs with those from ß-lactamase positive ones.

The results of the susceptibility tests were in concor-
dance with the results reported by other investiga-
tors8,10,15,17,31. The b-lactamase positive strains of M. catarrh-
alis are generally susceptible to all antibiotics except for
unprotected penicillins. In order to prevent the emergence
of antibiotic resistant isolates, the rational use of antimi-
crobials and monitoring of the antibiotic resistance of res-
piratory pathogens will be required.

According to our results, amoxicillin combined with cla-
vulanic acid should be the antibiotic of choice for the treat-
ment of infections caused by ß-lactamase positive isolates
of M. catarrhalis. Oral cephalosporins could also be an option.
In case of allergy to ß-lactam antibiotics tetracycline, mac-
rolides or azithromycin could be administered. Chloram-
phenicol should be avoided because of its toxicity.
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Sa�etak

ANTIBIOTSKA OSJETLJIVOST I PROIZVODNJA ß-LAKTAMAZA KOD IZOLATA MORAXELLA CATARRHALIS IZ
ZAGREBA, HRVATSKA

B. Bedeniæ i J. Vrane�

Moraxella catarrhalis se je ranije smatrala komenzalom u respiracijskom traktu, ali se danas zna da je ona znaèajan respiracijski
patogen. Proizvodnja ß-laktamaze, prvi puta opisana 1977., javlja se sa sve veæom uèestalo�æu u mnogim zemljama svijeta. Dosad
nije bilo izvje�taja iz Hrvatske. Cilj ovoga ista�ivanja bio je ispitati osjetljivost na antibiotike i proizvodnju ß-laktamaze u klinièkim
izolatima Moraxella catarrhalis iz Hrvatske. Pedeset izolata Moraxella catarrhalis prikupljeno je iz razlièitih klinièkih uzoraka u Klinici
za djeèje bolesti Zagreb od 1990. do 1992. godine. Osjetljivost na antibiotike je odreðivana mikrodilucijskom metodom prema
NCCLS. Proizvodnja ß-laktamaza je utvrðivana metodom diska s kromogenim supstratom (nitrocefinski test). Supstratni profil
je odreðivan biolo�kom metodom. ß-Laktamaze su dokazane pomoæu nitrocefinskog testa u svim sojevima. Uèestalost ß-laktamaza
pozitivnih izolata Moraxella catarrhalis u ispitivanom razdoblju je iznosila 100%. Nije zapa�ena rezistencija na amoksicilin/klavulanat,
cefaleksin, ceftibuten, tetraciklin, eritromicin, azitromicin i kloramfenikol. Aktivnost amoksicilina se je znaèajno pojaèala u prisut-
nosti klavulanske kiseline u svim sojevima. Stariji cefalosporini su bili podjednako djelatni, dok je ceftibuten kao cefalosporin
treæe generacije imao znaèajno ni�e minimalne inhibicijske koncentracije u odnosu na starije generacije. Meðu ne ß-laktamskim
antibioticima tetraciklini i eritromicin su imali sliène minimalne inhibicijske koncentracije. Azitromicin je imao jaèe inhibicijsko
djelovanje od tetraciklina i eritromicina. Prema rezultatima na�ega istra�ivanja amoksicilin u kombinaciji s klavulanskom kiselinom
bi bio antibiotik izbora za lijeèenje infekcija uzrokovanih sojevima Moraxella catarrhalis pozitivnim na b-laktamazu. Oralni
cefalosporini, eritromicin, tetraciklini i azitromicin bi takoðer mogli predstavljati moguæu terapiju.

Kljuène rijeèi: Moraxella-Branhamella catarrhalis � uèinak lijekova; Protuinfekcijski lijekovi � farmakologija; Infekcije di�nog trakta �
mikrobiologija; β-lactamiae � biosinteza; Hrvatska


