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ABSTRACT

Aim of the study: To test the susceptibility to first-line and
alternative antibiotics of 70 Bordetella pertussis (B. pertus-
sis) strains recovered from patients with whooping cough
through national pertussis surveillance in the Czech Republic
(CR) in 1967-2010.

Material and methods: The minimum inhibitory concentra-
tions (MICs) of erythromycin, clarithromycin, azithromycin,
ciprofloxacin, and co-trimoxazole were tested by the refe-
rence agar dilution method on Bordet-Gengou agar with
15 % defibrinated sheep blood.

Results: Each of the 70 study strains was inhibited by two
concentrations of erythromycin and azithromycin (0.06 and
0.12 mg/l) and by three concentrations of clarithromycin
(0.03, 0.06, and 0.12 mg/I), with the highest concentration of
the MIC range being 0.12 mg/I for all these similar antibiotics.

SOUHRN

Jakubti V., Zavadilova J., Fabianova K., Urbaskova P.:
Minimalni inhibi¢ni koncentrace erytromycinu a dalSich
antibiotik u éeskych kmenii Bordetella pertussis

Cil prace: Vysetreni citlivosti k antibiotikiim volby a al-
ternativam u 70 kmenU Bordetella pertussis (B. pertussis)
izolovanych od pacient’ s davivym kaslem v letech 1967 az
2010 v ramci narodni surveillance pertuse v Ceské republice
(CR).

Material a metodika: MinimalIni inhibicni koncentrace (MIC)
erytromycinu, klaritromycinu, azitromycinu, ciprofloxacinu
a kotrimoxazolu byla vysSetiena referencni dilué¢nf agarovou
metodou, na Bordet-Gengou agaru s 15 % defibrinované
ovci krve.

Vysledky: VVsech 70 kmend vysetiovaného souboru bylo in-
hibovdno dvéma koncentracemi erytromycinu a azitromycinu
(0,06 a 0,12 mg/1), klaritromycin inhiboval kmeny ve tfech
koncentracich (0,03; 0,06 a 0,12 mg/l), nejvyssi koncen-
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Tested in a 2-fold geometric dilution series, the concentration
of erythromycin required to inhibit 90 % of the study strains
(MIC%) was one dilution step lower (0.06 mg/!) than those of
clarithromycin and azithromycin (0.12 mg/1). All study strains
were inhibited by a single concentration of ciprofloxacin
(0.06 mg/I) and two concentrations of co-trimoxazole (0.12
and 0.25 mg/I).

Conclusion: The panel of 70 Czech strains of B. pertussis
appears to be homogeneous in terms of the MICs of the an-
tibiotics tested, with two to three low concentrations being
effective against all strains. To be inhibited, no strain required
a higher concentration of erythromycin, clarithromycin,
azithromycin, ciprofloxacin, or co-trimoxazole.
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trace v rozmezi MIC byla u téchto tfi podobnych antibiotik
identicky 0,12 mg/l. Koncentrace erytromycinu inhibujici
90 % kmen( byla o jeden stupen fedéni dvojnasobné geomet-
rické fady nizsi (0,06 mg/l) nez byla MIC,, u klaritromycinu
a azitromycinu (0,12 mg/1). VSechny kmeny inhibovala jedina
koncentrace 0,06 mg/| ciprofloxacinu a dvé koncentrace
kotrimoxazolu (0,12 a 0,25 mg/I).

Zaveér: Soubor 70 ceskych kmenl B. pertussis se podle
vysledk( jevi jako homogenni co se tyce MIC antibiotik,
nebot vsechny kmeny byly inhibovany dvéma/tfemi nizkymi
koncentracemi. Neby! tudiz potvrzen zadny kmen inhibovany
vyS$si koncentraci erytromycinu, klaritromycinu, azitromycinu,
ciprofloxacinu ani kotrimoxazolu.

KLIiCOVA SLOVA:

Bordetella pertussis - minimalni inhibi¢ni koncentrace
(MIC) - antibiotika
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INTRODUCTION

Erythromycin, a newer macrolide clarithromycin, or the
azalide azithromycin are standard first-line therapies
in patients with infection caused by Bordetella pertussis
(B. pertussis) [1, 2, 3]. Co-trimoxazole [1, 3, 4] or one of the
fluoroquinolones [2, 3] are alternatives in intolerant
patients. Given the global rise in laboratory confirmed
cases of B. pertussis infection and so far sporadic reports of
erythromycin resistant strains appearing since the 1990s
[5,6,7,8], itisvital to pay attention to the epidemiology
and biological properties of this species and its resistance
to the first-line antibiotics and their alternatives at the
national level.

MATERIAL AND METHODS

Bacteria

The minimum inhibitory concentrations (MICs) of
the relevant antibiotics were determined for 70 cli-
nical isolates of B. pertussis referred to the National
Reference Laboratory for Pertussis and Diphtheria
within the national pertussis surveillance pro-
gramme in 1967-2010. These strains were recove-
red from patients with clinical pertussis in Prague
(22 strains) and the following administrative regi-
ons: South Bohemian (27 strains), South Moravian
(4 strains), Central Bohemian (1 strain), Liberec
(1strain), North Moravian (1 strain), and East Bohemian
(1strain). The geographical origin of 13 strains could not
be identified. The age of the patients ranged from one
month to 47 years but remained unknown for 10 sam-
ples. B. pertussis isolates from 1967 to 2004 were stored
lyophilised while those recovered since 2007 were kept
frozen at -70 °C. The strains of B. pertussis were cultured
on Charcoal agar (OXOID CZs.r.0.) plates and incubated
under normal air conditions at 35 + 1 °C for 96 hours.
To confirm the species identification, the diagnostic
serum for Bordetella pertussis (Remel Ltd, USA) was used
in accordance with the manufacturer’s instructions.

Minimum inhibitory concentration (MIC)
determination

The MIC was determined using the agar dilution method
[9, 10]. The substances of erythromycin, clarithromycin,
azithromycin, ciprofloxacin as a representative of the
fluoroquinolones, trimethoprim, and sulfamethoxazole
with known activity were purchased from the Sigma -
Aldrich company (Czech Republic). Using the respecti-
ve diluents and solvents [10] (for clarithromycin, in
accordance with the manufacturer’s instructions), the
stock concentrations of 19000 mg/1 and 1000 mg/1 were
obtained from the substances of sulfamethoxazole and
the other five antibiotics, respectively. The 1000 mg/1
stock concentration of co-trimoxazole containing tri-
methoprim and sulfamethoxazole at a ratio of 1:19 was
obtained by mixing 1.5 ml of the 1000 mg/1 concentration
of trimethoprim and 1.5 ml of the 19000 mg/1 concentra-
tion of sulfamethoxazole.

Medium

Bordet-Gengou Agar (BGA) (Difco) was prepared in accor-
dance with the manufacturer’s instructions on the day of
MIC determination. BGA was cooled to ca 52 °C and added
with defibrinated sheep blood (LabMediaServis, Ltd) to
a final concentration of 15%. To remain liquefied, the

medium was maintained on a water bath at 52 °C before
the plates with antibiotics were prepared.

Preparation of plates with antibiotics

On the day when the plates with antibiotics were prepa-
red, 12 working concentrations were obtained from the
stock concentrations in a geometric dilution series invol-
ving two-fold dilution steps for each antibioticin a range
of 0.02 to 40 mg/l, i.e. 10 times higher than the final
concentrations required. The final plate concentrations
in a range from 0.002 to 4 mg/1 for each antibiotic were
obtained by mixing 2 ml of the working concentration
with 18 ml of BCA with 15% of sheep blood. The plates
were shortly pre-dried before seeding.

Inoculum

Strains of B. pertussis were seeded onto Charcoal agar plates
and incubated under normal air conditions at 35 + 1 °C
for 72 hours. The inocula for susceptibility testing were
prepared by suspending the colonies in Mueller-Hinton
(MH) broth thermostated to 35 °C. The turbidity of the
inoculum was adjusted to that of a 0.5 McFarland stan-
dard, which corresponds to a bacterial concentration of
about 5 x 108 cells/ml.

Seeding and incubation of plates

The surface of each of 12 plates with antibiotics arranged
from the lowest to highest concentration was seeded with
the inocula of multiple strains using a 36-pin inocula-
tor. Two plates containing BGA with 15% of sheep blood
without antibiotics were added to each series as growth
controls (one was seeded before and the other after see-
ding the plates with antibiotics). The final concentration
of the inoculum at the pin print on the test medium was
about 5 x 10° cells/ml. Thirty-five test strains and one
control strain were used in each series. The seeded plates
were incubated upside down under normal air conditions
at35°C+1°Cfor72 hours.

Quality kontrol

For the purpose of antibiotic dilution quality control,
Streptococcus pneumoniae (S. prneumoniae) ATCC 49619 with
the known MICs of the antibiotics tested was used [11].
The MIC of this control strain was determined using the
same protocol as was used for the test strains, except
for the preparation of the inoculum from the Columbia
agar plate.

Evaluation

After incubation, the antibiotic concentration which
clearly inhibited the growth of the strain tested was read.
This concentration was considered as the MIC.

RESULTS

All 70 strains tested for antibiotic susceptibility showed
good growth on the control medium BGA with 15% of
sheep blood. The MICs of four antibiotics tested for the
control strain S. pneumoniae ATCC 49619 were in the requi-
red range reported for this strain [11]: erythromycin 0.06
mg/l, azithromycin 0.06 mg/1, clarithromycin 0.03 mg/1,
and co-trimoxazole 0.5 mg/l. The MIC of ciprofloxacin,
which has not been indicated for this control strain, was
0.5mg/1. It means that the concentrations of antibiotics
in the test media were in accordance with those stated.
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Table 1. MIC ranges and MICs, for 70 strains of Bordetella pertussis

Tabulka 1. Rozmezi minimdlnich inhibi¢nich koncentraci (MIC)
aMiC, u70 kmen( Bordetella pertussis

Antibiotic MIC90* (mg/I) MIC range (mg/I)
Erythromycin 0.06 0.06 -0.12
Clarithromycin 0.12 0.03-0.12
Azithromycin 0.12 0.06-0.12
Ciprofloxacin 0.06 0.06-0.06***
Co-trimoxazole** 0.25 0.12-0.25

*MIC,,: concentration inhibiting 90 % of the strains
**trimethoprim and sulfamethoxazole at a ratio of 1:19
***all strains were inhibited by a single concentration

*MIC,, koncentrace, ktera inhibuje 90 % kmen(
**trimetoprim a sulfamethoxazol v poméru 1:19
***ySechny kmeny inhibovala jedind koncentrace

On the test medium, BCGA with 15% of defibrinated sheep
blood, the strains investigated were clearly inhibited
by the respective concentrations of the antibiotics and
therefore, the MICs were easily read.

The MIC ranges and MICs,, of erythromycin, clarithro-
mycin, azithromycin, ciprofloxacin, and co-trimoxa-
zole for 70 strains of B. pertussis are given in Table 1. All
strains of the panel investigated were inhibited by two
concentrations of erythromycin and azithromycin (0.06
and 0.12 mg/l) and by three concentrations of clarithro-
mycin (0.03, 0.06, and 0.12 mg/1), with the highest
MICs of these three similar antibiotics reaching equally
0.12mg/1. The concentration of erythromycin inhibiting
90 % of the strains was one dilution step of the two-fold
geometric series lower (0.06 mg/l) than the MICs,, of
clarithromycin and azithromycin (0.12 mg/1). All strains
were inhibited by a single concentration of ciprofloxacin
(0.06 mg/1) and two concentrations of co-trimoxazole
(0.12and 0.25 mg/1).

DISCUSSION

Despite a generally good response of patients with
B. pertussis infection to erythromycin therapy, which was
later replaced, due to side effects, by better tolerated
clarithromycin or azithromycin therapy [2, 3, 4, 12],
sporadic cases of treatment failure have been reported.
A detailed analysis showed that the most probable cause
of treatment failure was mostly low immunocompetence
of the patients infected by a B. pertussis strain that was
inhibited in vitro by low concentrations of the clinically
relevant antibiotics used in the treatment of this infec-
tion [4, 13]. Nevertheless, since 1982, sporadic strains of
B. pertussis resistant to erythromycin have been reported
[6,7, 8, 14, 15, 16]. As such resistant strains result from
mutation in the 23S TRNA gene [5], their epidemic spread
isunlikely, in contrast to when the resistance is confer-
red by plasmid-bound genes. Nevertheless, given the
heterogeneous nature of their resistance, such strains
may escape attention.

Considering the good clinical effect of the first-line anti-
biotics and expected susceptibility of the causative agent
to these and many other antibiotics, it is not recommen-
ded to perform routine antibiotic susceptibility testing,
since a standard method has not yet been available and
the results are subject to inherent errors and suffer from
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low reproducibility. The reason lies in low nutritional
requirements and slow growth of B. pertussis. No general
guidelines are available concerning the method to be
used for B. pertussis susceptibility testing, culture medi-
um suitable for this purpose, type and concentration
of blood to be added to the medium, and concentration
of the inoculum [12, 17, 18]. Despite the discordances,
it is recommended that the surveillance of antibiotic
susceptibility of B. pertussis strains recovered from a geo-
graphically defined area be performed by a laboratory,
which is experienced and skilled in MIC determination
of fastidious bacteria. The culture medium and blood
type and its quantity to be added to the medium should
be selected to allow for adequate growth of strains and,
at the same time, not to interfere with the efficacy of the
antimicrobial tested. Such approach makes it possible to
obtain results indicative of the dynamics of antimicrobial
activity in a defined bacterial population and to detect
the strains that are inhibited by higher concentrations
of antibiotics.

Of the three culture media most often used for B. pertussis
susceptibility testing, the most suitable appears to be
MH agar with 5% of blood [1, 18, 19, 20] whose compos-
ition does not affect the activity of antimicrobials, thus
being the medium of choice for fastidious bacteria in
accordance with both the European [21] and US autho-
rities for [10] standardization of laboratory methods.
Nevertheless, despite meeting all conditions required,
only half of our panel of 70 strains yielded adequate and
reliable growth when seeded onto this culture medium.
The failure to grow on MH agar with blood may have been
related to the age of strains recovered between 1967 and
2010. Therefore, BCA with 15% of sheep blood was used
for B. pertussis susceptibility testing where all panel strains
showed good growth. The MICs of antimicrobials were
determined by the agar dilution method in compliance
with the standard CSN [9] using the globally recognized
standard protocol [10]. This is the reference method for
MIC determination which provides the basis for all other
susceptibility testing methods. Our results of MIC ranges
and MICs, of erythromycin, clarithromycin, azithromy-
cin, ciprofloxacin, and co-trimoxazole are identical to
those reported by others on the same culture medium [5,
8,17, 18, 22] and are also in accordance with those obtained
on MH agar [17, 18, 19, 20]. Based on our results, the panel
of 70 Czech strains of B. pertussis appears to be homogene-
ous in terms of MICs, as all strains were inhibited by one
to three low concentrations of antibiotics. None of the
panel strains was inhibited by a higher concentration of
erythromycin or any of the other four antibiotics tested.
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