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Campylobacter jejuni/coli

• Primary foodborne 
pathogen in most 
developed and 
developing countries

• Few specific control 
strategies available

• Antimicrobial 
resistance a growing 
concern



Zoonoses in Denmark



EFSA zoonoses report 2007



Sources of campylobacteriosis



Data: Dr. Frank van Loock
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The basics
• Most or second most common zoonoses

• Most studies have indicated poultry as the main reservoir

• Resistance mediated by mutations in gyrA
– Ala-70 to Thr
– Thr-86 to Ile, Lys, Ala, Val
– Asp-90 to Ala, Asn, Tyr

• Thus, spread of resistance is with the clone

• Large clonal instability – difficult to determine the spread



Fluoroquinolone resistance in Campylobacter
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Clone Clone Clone Clone

Primary production Slaugtherline
and food product

Human gut or skin
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Experimental studies on the emergence of antimicrobial resistance in Campylobacter following treatment.

Study 1.
No emergence of erythromycin resistant isolates.
Study 2.
Erythromycin resistance emerged at 17 and 31 days after 
inoculation, respectively.

Study 1.
Tylosin at 0.53 g/L in drinking water 
for three days for experiment A and B. 
Three times treatment with tylosin at 
0.53 g/L in drinking water for three 
days.
Study 2.
Tylosin at 50 mg/Kg feed for 41 days.

Study 1.
Three experiments with 10-15 chickens in each 
group. A control and a treatment group. 
Experiment A was inoculated with a mixture of 
two C. jejuni strains. Experiment B with a mixture 
of two C. coli strains and experiment c with a C. 
jejuni strain.
Study 2.
Two experiments with 9-11 chickens in each 
group all inoculated with an C. jejuni strain.

Broiler 
chickens

Lin et al. 
(55)

FQ-resistant C. coli found at levels of 40-80% in the 
treated group.

One group given 15 mg enrofloxacin
/pig/day for five days.

Two groups of six pigletsPigletsDelsol et al. 
(23)

Rapid and persistent emergence of ciprofloxacin 
resistance in C. jejuni.

Study 1.
Enrofloxacin at 40 ppm in drinking 
water for five days.
Study 2.
Sarafloxacin at 40 ppm in drinking 
water for five days.

Study 1.
Two groups (treatment and control) of 25 chickens 
each. Colonized with a mixture of 5 C. jejuni
strains.
Study 2.
Two groups (treatment and control) of 50 chickens 
each. Colonized with a mixture of 5 C. jejuni
strains.

Broiler 
chickens

McDermott 
et al. (64)

In 5 chickens of the treatment group an emergence of FQ-
resistant isolates were observed.

50 ppm in drinking water from day 21 
to 30 to 6 of the 8 chickens

Sixteen individually housed chickens colonized 
with FQ-susceptible C. jejuni at day 8, from day 
21 eight chosen for further study.

ChickensVan Boven 
et al. (11)

Study 1.
C. jejuni were isolated from approximately 50% of the 
control group and disappeared from the administration 
group during treatment. No resistant isolates were found.
Study 2.
Isolation of C. jejuni from most chickens and a 100% 
resistance from the administration group.

50 ppm enrofloxacin in drinking water 
for three days to one group

Study 1.
Two groups of 15 chickens inoculated with 106 C. 
jejuni ATCC 33560 at day 17.
Study 2.
Two groups of 15 chickens inoculated with 107 

and 108 C. jejuni ATCC 33560, at day 18 and 23, 
respectively.

ChickensTakahashi et 
al. (112)

OutcomeTreatmentNumber of experiments and number of animals in 
each group

Animal 
speciesAuthor and 

reference



Usage – resistance relationships
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Exposure



Exposure and dose-response just 
as for all other Campylobacter



Consequences



Approx. 2-3 days additional illness



Part conclusion

• Use of FQ selects for resistance

• Exposure and infectivity as for other
Campylobacter (NB patients in ciprofloxacin treatment)

• Consequences 2-3 days additional illness



FDA Fluoroquinolone-Resistant
Campylobacter Risk Assessment

• To determine the feasibility of estimating 
risk to human health

• Possible regulatory tool for assessing 
future risks

• Possible tool for establishing regulatory 
“triggers” based on surveillance

http://www.fda.gov/cvm/default.htm



Fluoroquinolone resistant 
Campylobacter in poultry

FDA-CVM / Vose2000

This model relates a number of 
contaminated carcasses N consumed 
domestically to the number of illnesses I
that resulted.

It then predicts that for a future number 
of contaminated carcasses n, there will 
be i infections where:

i=n*(I/N)

Model assumes that practices after 
production remain the same, but has 
some ability to make corrections

Model ends up with exactly the same 
behaviour as the Danish model!

Section 1
Campylobacter culture

confirmed cases observable
in US population

Section 2
Total number of

Campylobacter infections in
year in US population

Section 3
Number of those with

Fluoroquinolone-resistance
from chickens and

administered
Fluoroquinolone

Section 4
Number of Fluoroquinolone

resistant Campylobacter
contaminated chicken

carcasses consumed in year

Section 5
Using the model to manage risk.

Measuring the level of risk.
Controlling the risk.



Symbol Description Formula
Section 1 Expected nominal number of observable confirmed cases
nUS US population Data
nFN FoodNet catchment population Data
oi FoodNet observed invasive cases of Campylobacter Data
oe FoodNet observed enteric cases of Campylobacter Data
λi Expected observed FoodNet invasive cases of Campylobacter =Gamma(oi,1)
λe Expected observed FoodNet enteric cases of Campylobacter =Gamma(oe,1)
Ni (= N1i) Nominal observed mean invasive infections in population =λi * nUS / nFN

Ne Nominal observed mean enteric infections in population =λe * nUS / nFN

pb Proportion of enteric infections with bloody diarrhea Beta distribution based on
data

N1eb Nominal mean number of confirmed enteric infections in
population with bloody diarrhea

=Ne* pb

N1en Nominal mean number of confirmed enteric infections in
population with non-bloody diarrhea

=Ne*(1- pb)

Section 1

Section 2

Section 3 Section 4

Section 5



What is an acceptable level of risk?
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Example Assumptions - FDA Risk 
Assessment

• Fluoroquinolone resistance (after removal of travelers, those 
who took a fluoroquinolone prior to culture and those for whom the 
time of taking the fluoroquinolone was unknown) is attributed to 
chickens

• The incidence rates for culture-confirmed Campylobacter
infections in the FoodNet catchment are representative of 
incidence rates for culture-confirmed Campylobacter
infections in the United States.

• The CDC study estimate on number of stool samples taken 
at the doctors office as remembered by the patient (18%) was 
better than the estimate as remembered by the doctor (78%).
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Ciprofloxacin resistance among 
Campylobacter from chicken breast in US
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In conclusion
• FQ selects for resistance

– The effect of different treatment regimes has not been 
determined

• It is possible to model the expected number of 
cases and additional effects
– Requires a lot of data and money to generate those 

data

• The effect of withdrawal not well documented 
(however, continuing must be expected to be worse)



The solution

Ban all use of fluoroquinolones?





Or 1.333

f and r already included in the estimate of K

Or 19,000





10.45 / 5 = 2.09
5.45 / 5 = 1.09

Diff. 10 x higher load of
Campylobacter from
AS positive flocks

Actual numbers:

Positive:   123 + 182 + 776 + 36 + 49 =  1166 / 5 = 233

Negative:      1 + 0 + 1259 + 200 + 0 =   1460 / 5 = 292

Diff. 1,25 x higher load from AS negative flocks



Or 1.333

Or -1,25

f and r already included in the estimate of K

Or 19,000

Or -5,006



Conclusions Cox & Popkten

• Some mistaken factors and numbers
• No uncertainty estimates
• Numbers could be looked at differently

• Useful for pointing out that potential 
benefits might also arise from the use of 
antimicrobials to animals


