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ABSTRACT

The sensitivity of 39 Campylobacter spp. strains, isolated from broiler chickens and mule ducks to
5 antimicrobial drugs was tested. The samples originated from two poultry slaughterhouses in

South Bulgaria.

The inhibition zones were interpreted by the three-degree system of Bauer- Kirby’s disk diffusion

method according to NCCLS requirements.

The highest resistance percentage (66.7%) was observed to ampicillin. The resistance of studied
isolates to erythromycin was 10.3%, and to tetracycline — 5.1%. Against fluorinated quinolones, a
resistance of 15.4% against each of norfloxacin and enrofloxacin has been observed.

A resistance pattern characterized with (A Nor Enr) profile was encountered in 3 strains (7.6%).
The profile (A Ery Tet) was also seen in three tested isolates. The commonest pattern of resistance
(43.5%) was determined in campylobacteria, resistant only to ampicillin (A), followed by isolates,
sensitive to all five tested chemotherapeutics (33.3%).
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INTRODUCTION

Campylobacteria are involved in the etiology
of human gastroenteritis (1,2,3). In industrial
countries such as the USA, Canada, Australia
and New Zealand, the incidence of
camplylobacterial infections increased during
the last 20 years, but this fact could be hardly
explained. Campylobacteria are widely
distributed in nature, among both wild and
domestic animals. Birds in particular, are one
of the essential reservoirs of
camplylobacteria allowing transfer of strains
to humans (1,2,4). In Denmark, data about
increased incidence of campylobacterial
infections in men are reported and the
consumption of poultry meat is incriminated
as a risk factor (5). The prevalence of
campylobacteria in broiler chickens flocks in
Europe is estimated to be 35-37% (6,7,8.9).
The cases of campylobacterial gastroenteritis
in the USA were 20.1 per 100 000 in 2000
and in North European countries — 60 to 90
per 100 000 (2,10).

From all members of the Campylobacter

genus, C. jejuni is more frequently implicated
in human gastroenteritis (11). The epidemic
outbreaks in European countries is attributed
to the consumption of raw milk, whereas the
presence of sporadic cases — to poultry meat
consumption (12, 13).

In Thailand, Campylobacter and Salmonella
are the most commonly isolated strains from
neonates and children under the age of 5
years (14,15). Unlike the reports from South
Asia, in the USA and Western Europe, peaks
of campylobacterial infections were reported
both in children younger than 4 years and in
adults at the aged of 15 to 44 years (2). Also,
seasonal peaks during the hot months are
observed (2).

The direct comparison of data related to the
increasing prevalence of campylobacterial
isolates in poultry farms and their resistance
to fluorinated quinolones in the different
countries could be hardly made in an
objective manner because of the variations in
factors related to rearing systems and the
methods of sampling and analysis of
specimens. Yet, a considerable proportion of
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poultry flocks are negative with regard to
resistance of Campylobacter isolates. In some
European countries: Denmark (16), Norway
(17), Sweden (18) and Holland (19), a
seasonal prevalence of avian Campylobacter
strains has been reported.

On the other side, fluorinated quinolones are
most frequently used for treatment of human
salmonelloses, schigelloses,
campylobacterioses and  non-diagnosed
gastoenterites  (20,21,23). The clinical
efficacy of applied fluorinated quinolones in
non-typhoid salmonelloses and
campylobacterioses is not  consistent.
Macrolide chemotherapeutics are a good
alternative (20,21,22,23). Therefore, the
information about the rapidly emerging
resistance of campylobacteria to
fluoroquinolones is an important issue
influencing the therapeutic choice (22,23,24).
The first communication about resistance to
quinolones is made in 1980 (25, 26). In
domestic animals, the cases of
campylobacterial enteritis are rare but
nevertheless, the resistance to this group of
chemotherapeutics is widely prevalent among
animal isolates (4). This fact could be
interpreted in the light of the use of
fluorinated quinolones for treatment of E.
coli infections in animals.

Barrow et al. (27) discussed the common
application of fluoroquinolones in numerous
countries in the therapy of Salmonella
infections in domestic fowl that, on its part
influences the emergence of resistance
against quinolones in septicaemic avian E.
coli and Campylobacter strains.

The mechanism of the resistance to
fluoroquinolones in Campylobacter jejuni is
chromosomally determined and is realized
via mutations in gyr A and par C genes (28).
The correlation between the resistance to
azithromycin and that fluoroquinolones is
proved (29).

During the last years, analyses of the
prevalence of campylobacterial avian isolates
and their resistance to quinolones in both
conventional and organic poultry flocks has
being studied (30). In their studies, the
authors determined that the prevalence of
campylobacteria in the birds from the organic
flocks was 100% whereas that in the
extensive rearing farms — 49.2%. In Sweden,
the prevalence of Campylobacter in poultry
slaughterhouses was 27 % and this was
thought to be closely related to the age of
birds (18).

In Kenia, the prevalence of campylobacterial
isolates was estimated at 77% in poultry
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products and 60-100% in poultry-rearing
farms (31, 32).

The sensitivity to nalidixic acid and cefalotin
is used as a diagnostic criterion for
differentiation = of  the  species  of
Campylobacter isolates (33). Thus, the
presence and the rapid spreading of the
resistance to quinolones could be problematic
with regard to diagnostic criteria utilized for
determination of isolates.

The resistance exhibited by thermophilic
Campylobacter to beta-lactam
chemotherapeutics is also intriguing.
Campylobacter coli and Campylobacter
jejuni  possess a natural resistance to
penicillin G and to some broad-spectrum
cephalosporins, primarily related to the
presence of penicillin-binding proteins with
decreased affinity to beta-lactam
antimicrobial drugs. With regard to the
acquired resistance to beta-lactams, the
primary mechanism of its presentation
remains the production of beta-lactamases
(34, 35).

MATERIAL AND METHODS

In the period from April 2006 to
March 2007, 40 samples obtained from
broiler chickens have been examined, 22 of
them from caeca, 12 — from gizzards and 6 —
from livers. Moreover, 70 samples from mule
ducks were analyzed too (40 from caeca, 10
from the skin surface and 20 — from breast
muscles).

Bacterial strains — The total number of
Campylobacter isolates was 39: 30 C. jejuni
and 9 C. coli isolates.

Nutrient media — The isolation and
differentiation of strains was done according
to ISO 10272 — horizontal method for the
detection and identification of
Campylobacter spp. in food and feeding
stuffs. The cultivation of samples was done
in thioglycolate broth (Merck) and on
selective ~ Campylobacter agar (Merck)
supplemented with the combination of
vancomycin, polymyxin B, trimethoprim.
Horse red blood cells were added to the agar
base.

The samples were incubated at 37°C and
42°C for 48 hours in microaerophilic
conditions (5% O,, 10% CO,, 85% N»).

Determination of isolates to the species
level — The following tests were used for
screening of the obtained pure -cultures:
production of cytochrome oxidase, catalase,
hydrolysis of sodium hippurate and
hydrolysis of indoxyl acetate. The tests for
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determining of isolates’ sensitivity to
nalidixic acid (30 ug) and cefalotin (30 pg)
were  performed. The strains  were
differentiated by means of API Campy® (Bio
Meérieux).

Determination of isolates’ sensitivity to
chemotherapeutics
The sensitivity of isolated campylobacteria to
antimicrobial drugs was performed by the
disk diffusion method (NCCLS). For this
purpose, Mueller-Hinton agar II (Becton
Dickinson) was prepared. Campylobacteria
were preliminary cultivated in Mueller-
Hinton broth (Becton Dickinson) at 37°C for
24 h in microaerophilic conditions. The
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inoculum’s density used for antibiogrammes
was 10° cfu/mL. The strains were incubated
in microaerophilic conditions 37°C for 36
hours.

Antibiotic disks - Ampicillin 10 pg,

Erythromycin 15 pg, Tetracycline 30 pg
(BulBio, National Centre for Infectious and
Parasitic Diseases, Sofia); Norfloxacin 5 ug
(SEVA, France) and Enrofloxacin 5 pg
(BAUER, Germany).
The strains were defined on the three scale
system as sensitive, intermediate and
resistant. Table 1 presents the diameters of
inhibition zones for the respective groups.

Table 1. Classification of the sensitivity of tested isolates.

Chemotherapeutics Content per disk S I R Reference
mm mm mm

Ampicillin 10 ng, >14 12-13 <11 NCCLS
Erythromycin 15 ng >18 14-17 <13 NCCLS
Tetracycline 30 pg >19 15-18 <14 NCCLS
Norfloxacin Sug >22 12-21 <12 SEVA
Enrofloxacin S5ug >22 18-21 <17 BAUER
RESULTS AND DISCUSSION of resistance to each of norfloxacin an

The highest percentage of resistance (61.5 %)
in studied Campylobacter strains was
observed against ampicillin. With regard to
erythromycin, the resistance was 10.2 %, and
against tetracycline — 5.1%. The percentage

enrofloxacin was 15.4 %. The results
obtained by means of the disk diffusion
method are presented in Table 2. The
proportions of resistant isolates are given as
(R+D).

Table 2. Percentages of sensitive and resistant campylobacteria, isolated from birds.

Chemotherapeutics S Confidence R+I Confidence
% intervals % intervals
Ampicillin 38.5 23.8+54.4 61.5 45.6 +76.2
Erythromycin 89.7 78.1+97.2 10.2% 2.7+21.7
Tetracycline 94.9 85.9+99.5 5.1% 0.5+14.3
Norfloxacin 84.6 71.5+94.2 15.4% 6.8 +28.5
Enrofloxacin 84.6 71.5+94.2 15.4% 6.8 +28.5

The most commonly observed resistance
pattern with 43.6% was only against
ampicillin (A). In three strains (7.6%) the
profile included resistance against 3 of tested
antimicrobial drugs: ampicillin and to both
fluorinated quinolones. The same percentage

was determined in the resistance pattern
characterized  with  resistance  against
erythromycin and tetracycline (Ery Tet).
Sensitivity to all five chemotherapeutics was
exhibited by 33.3% of strains. The pattern of
resistance to 2  antimicrobial  drugs
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(ampicillin and one fluoroquinolone) was
observed in 2.5% of strains. Resistance only
to erythromycin (E) was also the pattern
shown by 2.5% of strains.

Our data for the antimicrobial resistance
patterns in avian Campylobacter strains
differed considerably by those, reported by
Erdeger et al. in Turkey (36). They
determined 15 multiresistance patterns in
avian strains. At the same time, they pointed
out the highest resistance to ampicillin (43.6
%) that corresponded to our data about the
resistance to this antibiotic.

The results from a National Monitoring
Programme in Denmark about the resistance
to quinolones in avian Campylobacter
isolates are published by Pedersen et al. in
2002 r.(38). They observed 11.3% resistance
to quinolones in C. jejuni strains and 28.7%
in Campylobacter coli isolates. Our data are
similar as the resistance exhibited to either
enrofloxacin or norfloxacin was 15.4 %. A
differentiation of resistant isolates could be
hardly made as the number of Campylobacter
coli isolates studied by us was very small.

In Senegal, 34% resistance to ciprofloxacin
in campylobacterial strains isolated from the
skin surface of avian carcasses was reported
by Cardinale et al. for 2001-2002 (39 ).
Related to our data about the resistance to
enrofloxacin, the reported percentage was
almost twice higher.

Ledergerber et al. reported that the resistance
incidence to ciprofloxacin in Campylobacter
isolated from raw poultry meat in
Switzerland was 28.7%. Against ampicillin,
the resistance was lower — 10.3%. In our
study, the percentages of isolates resistant to
ampicillin were four times higher ( 40).

In the communication of Frediani - Wolf et al
, data about the resistance to erythromycin,
ciprofloxacin in campylobacteria, isolated
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from two large poultry slaughterhouses in
Switzerland are given. The lack of observed
resistance to tetracycline is an interesting
finding. In contrast, our results showed
resistance to tetracycline in 5.1 % of isolates
(41).

The investigations on the resistance of
Campylobacter isolates in broiler chickens in
slaughterhouses in France, reported by
Avrain at al. demonstrated 23 % resistance to
ampicillin, 17 % to enrofloxacin, 57% to
tetracycline and 0.3% to erythromycin. Only
the data about campylobacteria resistant to
enrofloxacin are similar to ours. With regard
to erythromycin, the differences were
considerable as according to our results, 10.2
% of strains were determined as resistant.
The high resistance percentage to tetracycline
is also inconsistent with our findings (5.1%)
(42).

In Ireland, Lucey et al. reported comparative
data for the resistance in Campylobacter
isolates from men and poultry referring to
two different periods: 1996—1998 and 2000.
The resistance to ciprofloxacin in avian
strains in 2000 was high (30%) compared to
1998, when it was only 3.1%. In our
investigation, this percentage was almost
twice higher. The resistance to tetracycline
was also higher from a comparative point of
view: from 13.9% in 1998 to 18.8% in 2000.
These values are 3 times higher that our
findings about tetracycline resistance.
Nevertheless, the trend towards increase in
the number of resistant avian isolates is
without any doubt corresponding to the
increasing resistance in human strains as
well. (43).

Table 3. Resistance patterns, determined in avian campylobacterial isolates

Resistance Chemotherapeutics
patterns Amp Ery Tet Nor Enr %
1 R S S S S 43.6
2 S R R S S 7.6
3 R S S R R 7.6
4 R S S R S 2.5
5 R S S S R 2.5
6 S R S S S 2.5

Trakia Journal of Sciences, Vol. 6, Suppl.1, 2008 67




68

REFERENCE

1.

. Anon.

Altekruse, S.F., Stern, N. J.,
Fields, P. I. and Swerdlow, D. L.
Campylobacter  jejuni - an
emerging foodborne pathogen.
Emerging Infectious Diseases, 5 :
28-35, 1999.

Friedman, C. R., Niemann, J.,
Wegener, H.C. and Tauxe, R. V.
Epidemiology of Campylobacter
jejuni in the United States and
other industrialized nations. In
Campylobacter 2 nd edn, ed.
Nachamkin, 1. and Blaser, M.
J.Washington, D. C., ASM Press,
pp. 483-495, 2000.

Annual  Report on
Zoonoses in
Denmark.Copenhagen, Ministry
of Food, Agriculture and Fishers.
2001.

Altekruse, S. F., Hunt, J. M.,
Tollefson, L. K. and Madden, J.
M., Food and animal sources of
human  Campylobacter jejuni
infection. Journal of the American
Veterinary Medical Association,
204: 57-61, 1994.

Neimann, J. The epidemiology of
sporadic campylobacteriosis in
Denmark investigated by a case

control  study and  strain
characterization of  patient
isolates. Ph D Thesis. The Royal
Veterinary and  Agricultural
University, Copenhagen,
Denmark.2001.

Atanassova, V. and Ring, C.

Prevalence of Campylobacter spp.
In poultry and poultry meat in
Germany. International Journal
Food Microbiology. 51 : 187-190,
1999.

Pearson, A. D., Greenwood, M.
H., Feltham, R. K. A., Healing, T.
D>, Donaldson, J., Jones, D. M.
and Colwell, R. R. Microbial
ecology of Campylobacter jejuni
in a United Kingdom chicken
supply chain: Intermitten common
source, vertical transmission, and
amplification by flock
propagation. Apply

10.

11.

12.

13.

14.

15.

URUMOVA V., et al.

Environmental Microbiology, 62:
4614- 4620, 1996.
Refregier-Petton, J., Rose, N.,
Denis, M. and Salvat, G. Risk
factors for Campylobacter spp.
Contamination in French broiler-
chicken flocks at the end of the
rearing period. Prev. Veterinary
Medicine. 50: 89-100, 2001.

Van de Giessen, A. W.,
Bloemberg, B. P. M., Ritmeester,
W. S. and Tilburg, J. JH. C.
Epidemiology study on risk
factors and risk  reducing
measures for Campylobacter
infections in Dutch broiler flocks.
Epidemiology Infectology. 177:
245- 250, 1996.
Acheson, D.
diseases.Medscape
Diseases. 4: 1017, 2001.

Tay, S. T., Puthucheary, S. D.,
Devi, S. and Kautner, I
Characterisation of
Campylobacters from Malaysia.
Singapore Medical Journal. 36:
282-284, 1995.

Altekruse, S., Swerdlow, D. and
Stern, N. Campylobacter jejuni.
Veterinary Clinical North
America Food Animal Practise.
14: 31-40,1998.

Foodborne
Infectious

Kalman, M., Szollosi, E.,
Czermann, B., Zimanyi, M.,
Szekeres, S. Milkborne
Campylobacter  infection in

Hungary. Journal Food Prot. 63:
1426-1429, 2000.

Rasrinual, L., Suthienkul, O.,
Echeverria, P., Taylor, D.,
Seriwanata, J., Bangtrakulnonth,
A. and Lexomboon, U. Foods as
source of enteropathogens causing
childhood diarrhea in Thailand.
American Journal Tropical
Medicine Hygyene. 39: 97-102,
1988.

Varavithya, W., Vathanophas, K.,
Bodhidata, L., Punyaratabandhu,
P., Sangchai, R., Athipanyakom,
S., Wasi, C. and Echeverria, P.
Importance of Salmonellae and
Campylobacter jejuni in the
etiology of diarrheal disease

Trakia Journal of Sciences, Vol. 6, Suppl.1, 2008



16.

17.

18.

19.

20.

21.

22.

among children less than 5 years
of age in a community in
Bangkok, Thailand.Journal
Clinical Microbiology. 28: 2507-
2510, 1990.

Wedderkopp, A., Rattenborg, E.,
Madsen, M. National surveillance
of Campylobacter in broilers at
slaughter in Denmark in 1998.
Avian Diseases. 44: 993- 999,
2000.

Kapperud, G., Skjerve, E., Bean,
N., Ostroff, S. and Lassen, J. Risk
factors for sporadic
Campylobacter infections: result
of a case — control study in
Southeastern Norway. Journal
Clinical Microbiology. 30: 3117-
3121, 1992.

Berndtson, E., Emanuelson, U.,
Engvall, A., Danielsson- Tham,
M. L. A 1- year epidemiological
study of Campylobacter in 18
Swedish chicken farm. Prev.
Veterinary Medicine.26: 167-185,
1996.

Jacob- Reitsma, W., Bolder, N.,
Mulder, R. Cecal -carriage of
Campylobacter and Salmonella in
Dutch broiler flocks at slaughter:
A one- year study. Poultry
Science.73: 1260-1266, 1994.
Wistrom, J.,, Norrby, S. R.
Fluoroqunolones and bacterial
enteritis, when and for whom.
Journal of Antimicrobial
Chemotherapy.36: 23-29, 1995.
Aarestrup, F. M., Wegener, H. C.
The effects of antibiotic usage in
food animals on the development
of antimicrobial resistance of
importance  for humans in
Campylobacter and Salmonella.
Microbes and Infection. 1: 639-
644, 1999.

Engberg, J., Aarestrup, F. M.,
Taylor, D. E., Gerner-Smidt, P.
and Nachamkin, I. Qunolone and
microlide resistance in
Campylobacter jejuni and C. coli:
resistance mechanisms and trends

in  human isolates. Emerging
Infectious  Diseases.7:  24-34,
2001.

23.

24.

25.

26.

27.

28.

29.

URUMOVA V., et al.

Nachamkin, 1., Engberg, 1.,
Aarestrup., F. M. Diagnosis and

antimicrobial  susceptibilyti of
Campylobacter spL]io In
Campylobacter 2" edn,ed.

Nachamkin, I and Blaser, M. J. pp
45-66. Washington. D. C.: ASM
Press.

Smith, K. E., Bender, J. B. and
Osterholm, M. T. Antimicrobial
resistance in  animals  and
relevance to human infections. In
Campylobacter 2™ edn,ed.
Nachamkin, I and Blaser, M. J. pp
483 -496. Washington. D. C.:
ASM Press.

Endtz, H. P., Mouton, R. P,
Reyden, T. D., Ruijs, G.J., Biever,
M. and Klingeren, B.
Fluoroqunolone resistance in
Campylobacter spp. isolated from
human stool and poultry product.
Lancet. 335: 787, 1990.

Piddock, L. J. V. Does the use of
antimicrobial agents in veterinary
medicine and animal husbandry
select antibiotic resistant bacteria
that infect man and compromise
antimicrobial chemotherapy.
Journal Antimicrobial
Chemotherapy. 38: 1-3, 1996.
Barrow, P. A., Lowell, M. A,,
Szmolleny, G. and Murphy, C. K.
Effect of enrofloxacin
administration on excretion of
Salmonella Enteritidis by
experimentally infected chickens
and on qunolone resistance of
their Esherichia coli flora. Avian
Pathology. 27: 586-590, 1998.
Gribreel, A., Sjogren, E., Kaijser,
B., Wretlind, B., Skold, O. Rapid
emergence of high - level
resistance to  qunolones in
Campylobacter jejuni associated
with mutational changes in Gyr A
and par C. Antimicrobial Agents
and Chemotherapy. 42: 3276-
3278, 1998.

Isenbarger, D., Hoge, C., Srijan,
A., Pitarangsi, C., Vithayasai, N.,
Bodhidatta, L., Hickey, K., Cam,
P. Comparative antibiotic
resistance of diarrheal pathogens

Trakia Journal of Sciences, Vol. 6, Suppl.1, 2008 69



70

30.

31.

32.

33.

34.

35.

36.

37.

from Vietnam and Thailand,
1996-1999. Emergency Infectious
Diseases. 8: 175-180, 2002.
Heuer, O., Pedersen, K.,
Andersen, J., Madsen, M.
Prevalence and antimicrobial
susceptibility of thermophilic
Campylobacter in organic and
conventional  broiler  flocks.
Letters Apply Microbilogy. 33:
269-274, 2001.

Osano, O., Arimi, S. Retail
poultry and beef sources of
Campylobacter jejuni. East Africa
Medicine. 76: 141-143, 1999.
Simango, C., Rukure, G,
Potential sources of
Campylobacter spp. in the home
of farm workers in Zimbabwe.
Journal Tropical Medicine
Hygiene. 94: 388-392, 1991.
Vandamme, P. Taxonomy of the
family Campylobacteriaceae, pp.
3-26. In: Campylobacter, vol. 2 (
Nachamkin, 1. And Blaser,
M.eds.), ASM Press, Washington,
Dc., 2000.

Lachance, N., Gaudreau, C.,
Lamothe, F., Lariviere, L. A. Role
of the beta- lactamases of
Campylobacter jejuni in
resistance to beta-lactam agents.
Antimicrobial Agents
Chemotherapy. 35: 813-818,1991.
Taylor, D. E. Courvalin, P.
Mechanisms of antimicrobial
resistance in  Campylobacter
species. Antimicrobial Agents
Chemotherapy. 32: 1107-1112,
1988.

Erdeger, J., Diker, K.S. Multiple
antibiotic resistance in poultry
isolates of  Campylobacter.
Ankara University Veterinary
Faculty Derg. 42: 543-546,1995.
National Committee of Clinical
Laboratory Standards.
Perfomance standard for

38.

39.

40.

41.

42.

43.

URUMOVA V., et al.

antimicrobial disk and dilution
susceptibility tests for bacterial
isolated from animals ; approved
standard, M31-A 19, 11, 1999.
Pedersen, K., Wedderkopp, A.
Resistance to quinolones in
Campylobacter jejuni and
Campylobacter coli from Danish
broilers at farm level. Journal
Applied Microbiology. 94: 111-
119, 2002.

Cardinale, E., Dromigny, J. A.,
Tall, F., Ndiaye, M., Konte, M.,
Perrier- Gros-Claude, J. D.
Fluoroquinolone susceptibility of
Campylobacter strains, Senegal.
Emergency Infectious Diseases.
Nov.; 9 (11): 1479- 1481, 2003.
Ledergerber, U., Regula, G,
Stephan, R., Danuser, J., Bissig,
B., Stark, K. D. BMC Public
Health. Dec. 9; 3 (1): 39, 2003.
Frediani- Wolf, V., Stephan, R.
Resistance patterns of
Campylobacter  spp. strains
isolated from poultry carcasses in
a big Swiss poultry
slaughterhouse. International
Journal Food Microbiology.Dec.
31; 89 (2-3): 233-240, 2003.
Avrain, L., Humbert, F., L
Hospitalier, R., Sanders, P.,
Vernozy- Rozand, C., Kempf, 1.
Antimicrobial  resistance in
Campylobacter from broilers:
association with production type
and antimicrobial use. Veterinary
Microbilogy. Oct.30; 96(3): 267-
276,2003.

Lucey, B., Cryan, B., O Halloran,
F., Wall, P. G., Buckley, T,
Fanning, S. Trends in
antimicrobial susceptibility

among isolates of Campylobacter
species in Ireland and the
emergence of resistance to
ciprofloxacin. Veterinary Record.
151:317-320, 2002.

Trakia Journal of Sciences, Vol. 6, Suppl.1, 2008



