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BSTRACT

 

Background

 

Increasing resistance to quinolones
among campylobacter isolates from humans has been
reported in Europe and Asia, but not in the United
States. We evaluated resistance to quinolones among
campylobacter isolates from Minnesota residents dur-
ing the period from 1992 through 1998.

 

Methods

 

All 4953 campylobacter isolates from hu-
mans received by the Minnesota Department of Health
were tested for resistance to nalidixic acid. Resistant
isolates and selected sensitive isolates were tested for
resistance to ciprofloxacin. We conducted a case-com-
parison study of patients with ciprofloxacin-resistant

 

Campylobacter jejuni

 

 isolated during 1996 and 1997.
Domestic chicken was evaluated as a potential source
of quinolone-resistant campylobacter.

 

Results

 

The proportion of quinolone-resistant

 

C. jejuni

 

 isolates from humans increased from 1.3 per-
cent in 1992 to 10.2 percent in 1998 (P<0.001). Dur-
ing 1996 and 1997, infection with quinolone-resistant

 

C. jejuni

 

 was associated with foreign travel and with
the use of a quinolone before the collection of stool
specimens. However, quinolone use could account
for no more than 15 percent of the cases from 1996
through 1998. The number of quinolone-resistant
infections that were acquired domestically also in-
creased during the period from 1996 through 1998.
Ciprofloxacin-resistant 

 

C. jejuni

 

 was isolated from
14 percent of 91 domestic chicken products obtained
from retail markets in 1997. Molecular subtyping
showed an association between resistant 

 

C. jejuni

 

strains from chicken products and domestically ac-
quired infections in Minnesota residents.

 

Conclusions

 

The increase in quinolone-resistant

 

C. jejuni

 

 infections in Minnesota is largely due to in-
fections acquired during foreign travel. However, the
number of quinolone-resistant infections acquired
domestically has also increased, largely because of
the acquisition of resistant strains from poultry. The
use of fluoroquinolones in poultry, which began in
the United States in 1995, has created a reservoir of
resistant 

 

C. jejuni.

 

 (N Engl J Med 1999;340:1525-32.)
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AMPYLOBACTER jejuni

 

 is the most com-
monly recognized cause of bacterial gas-
troenteritis in the United States.

 

1,2

 

 When
antibiotics are indicated for the treatment

of campylobacter gastroenteritis, erythromycin or a
fluoroquinolone such as ciprofloxacin is the drug of
choice.

 

3-5

 

 Fluoroquinolones are frequently prescribed
empirically for diarrheal illness, including traveler’s
diarrhea, because of their effectiveness against a range
of enteric bacteria.

 

3-7

 

 Since the late 1980s, the resist-
ance of campylobacter isolates to fluoroquinolones
has been increasing, especially in Europe.

 

8

 

 Poultry is
a major source of campylobacter infections in humans,
and some European investigators have proposed a
causal relation between the use of fluoroquinolones
in animals and the increase in fluoroquinolone-
resistant campylobacter infections in humans.

 

8

 

Current trends in antibiotic-resistant campylobac-
ter infections in the United States have not been well
documented. In the United States, fluoroquinolones
were first licensed for use in poultry in 1995. There-
fore, we conducted a study of campylobacter isolates
obtained from humans during the period from 1992
through 1998 as part of statewide surveillance activ-
ities to analyze recent trends in quinolone-resistant
campylobacter infections, risk factors for infection
with resistant organisms, and poultry as a potential
source of resistant organisms.

C
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METHODS

 

Surveillance and Characterization of Isolates

 

Cases of illness caused by campylobacter have been reportable
in Minnesota since 1979. The Minnesota Department of Health
Public Health Laboratory serves as a statewide reference laborato-
ry for the confirmation and identification of campylobacter infec-
tions.

 

9

 

 In 1995, the rules for reporting disease were changed to
require the submission of isolates as part of the reporting process.

We screened all isolates received since 1992 for resistance to the
quinolone antibiotic nalidixic acid with a preliminary disk-diffu-
sion test.

 

10

 

 We also tested every fifth isolate, all resistant isolates,
and all sensitive isolates from the 1996 portion of our case-com-
parison study for resistance to nalidixic acid by a standardized
disk-diffusion test

 

11

 

 and for resistance to ciprofloxacin by the
E test with use of a modification of the methods of Huang et al.

 

12

 

We tested 20 randomly selected ciprofloxacin-resistant isolates
from 1997 for resistance to grepafloxacin, levofloxacin, and tro-
vafloxacin (by the E test) and to the veterinary fluoroquinolones
enrofloxacin (by the E test) and sarafloxacin (by the disk-diffusion
test). We tested 28 isolates from 1992 and 1993 and every fifth
isolate from 1994 through 1997 for resistance to erythromycin
and tetracycline by the E test.

E-test strips (AB Biodisk, Piscataway, N.J.) were applied to agar
plates prepared from a Mueller–Hinton base (Difco, Detroit),
supplemented with 5 percent lysed sheep’s blood, and incubated
at 37°C for 48 hours in a microaerophilic atmosphere (Campy-
Pak, BBL Microbiology Systems, Cockeysville, Md.). We used in-
terpretive criteria for Enterobacteriaceae and quality-control
guidelines established by the National Committee for Clinical
Laboratory Standards.

 

13

 

 Our definition of resistance to trovaflox-
acin, enrofloxacin, and sarafloxacin was the same as that of resist-
ance to ciprofloxacin (a minimal inhibitory concentration of
»4 µg per milliliter). Resistance to erythromycin was defined as
a minimal inhibitory concentration greater than 8 µg per millili-
ter. Campylobacter isolates from 1996 and 1997 were subtyped
by restriction-fragment–length polymorphism of the flagellin
gene amplified by the polymerase chain reaction (PCR-RFLP).

 

14

 

Comparison of Cases of Quinolone-Resistant 
and Quinolone-Sensitive 

 

C. jejuni

 

 Infection

 

Isolates obtained from Minnesota residents with 

 

C. jejuni

 

 in-
fection during the period from 1996 through 1997 were classi-
fied as quinolone-sensitive or quinolone-resistant. A quinolone-
resistant isolate was defined as having resistance to nalidixic acid
on the standardized test; all resistant isolates were also resistant
to ciprofloxacin. We matched each patient with a resistant isolate
to two patients with sensitive isolates; patients were matched for
age (within 10 years), residence (in the seven-county Minneapo-
lis–St. Paul metropolitan area vs. elsewhere in Minnesota), and
date of specimen collection.

Each patient answered a standardized questionnaire that in-
cluded questions about clinical history, use of antibiotics after and
during the month before the onset of illness, recent diarrheal ill-
ness and the use of antibiotics in household contacts, history of
food consumption, contact with animals, and travel history. The
period of interest for potential exposure, unless noted otherwise,
was the seven days before the onset of illness. When patients
could not answer questions about their use of antibiotics, we con-
tacted their health care providers.

 

Evaluation of Retail Chicken Products

 

During the period from September 8 to November 3, 1997, we
purchased 91 domestic chicken products in the Minneapolis–
St. Paul metropolitan area from 16 retail markets representing
11 franchises. These products came from 15 poultry-processing
plants in nine states. The products were various fresh or thawed
items with and without the skin.

We cultured all chicken products for campylobacter,

 

15

 

 and we
tested isolates for resistance to nalidixic acid and ciprofloxacin as

described previously. For 76 products, we tested for resistance
isolates from each product that was positive, using 3 to 10 cam-
pylobacter colonies from each product. The other 15 product
samples were concentrated quantitatively, and serial dilutions
were made in Mueller–Hinton broth (BBL Microbiology Sys-
tems). The samples were plated on Campy-BAP medium (BBL
Microbiology Systems) in the presence of 8 µg of nalidixic acid
per milliliter and in its absence. The concentration of agar was in-
creased to 1.7 percent. We evaluated 1 nalidixic acid–resistant col-
ony and 1 susceptible colony from each broth culture and 5 col-
onies of each from a dilution plate with 15 to 150 colonies.
Isolates were subtyped by PCR-RFLP, and a random sample of
ciprofloxacin-resistant isolates was tested for resistance to addi-
tional fluoroquinolones as described previously.

 

Statistical Analysis

 

Population estimates were obtained from 

 

Minnesota Health
Statistics, 1994.
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 We determined univariate matched odds ratios,
P values for tests for trend, and exact 95 percent confidence in-
tervals with Epi Info software (version 6.04a, Centers for Disease
Control and Prevention, Atlanta).

 

17

 

 Mantel–Haenszel chi-square
tests were used in univariate matched analyses.

 

17

 

 We determined
multivariate odds ratios and exact 95 percent confidence intervals
with PC-SAS software (version 6.12, SAS Institute, Cary, N.C.)
using exact conditional logistic regression with a forward, step-
wise approach.

 

18

 

 Variables with a P value of 0.1 or less in univari-
ate analysis were included in the multivariate model. Variables in-
dependently associated with the outcome variable were included
in the final multivariate model. The Kruskal–Wallis test was used
to compare groups of patients with respect to the duration of di-
arrhea.

 

17

 

 All reported P values are two-sided.
An outbreak was defined as two or more cases of campylobac-

ter infection in separate households with a common epidemiolog-
ic exposure. A case cluster was defined as two or more cases oc-
curring within two weeks of one another among members of the
same household. Only the isolate from the first case in each out-
break was included in analyses of resistance to antibiotics. All out-
break-associated cases were excluded from the case-comparison
study, and only the index case from identified clusters was includ-
ed in the case-comparison study.

 

RESULTS

 

Surveillance of Campylobacter and Resistance to 
Quinolones

 

During the period from 1992 through 1998, 6674
cases of campylobacter infection among Minnesota
residents were reported to the Minnesota Depart-
ment of Health. The median number of cases re-
ported annually was 946 (range, 785 to 1181), with
a median annual incidence of 20.7 cases per 100,000
population (range, 17.2 to 25.8). During the period
from 1992 through 1998, 4953 viable campylobac-
ter isolates from various patients (74 percent of all
reported cases) were submitted to the Minnesota
Department of Health; from 1996 through 1998,
91 percent of all isolates were submitted. 

 

C. jejuni

 

constituted 95 percent of all campylobacter isolates.
Seven outbreaks of 

 

C. jejuni

 

 infection were identi-
fied; six occurred during 1992, 1993, 1994, 1995,
or 1998 and involved 71 

 

C. jejuni

 

 isolates, all of
which were sensitive to nalidixic acid. An outbreak
in October 1997 among personnel of the Minnesota
Army National Guard who were returning from train-
ing in Greece accounted for 29 

 

C. jejuni

 

 isolates; all
were resistant to nalidixic acid and ciprofloxacin.
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After we excluded all except the initial case in each
identified outbreak, the annual percentage of 

 

C. jeju-
ni

 

 isolates that were resistant to nalidixic acid on the
preliminary disk-diffusion test increased from 1.3 per-
cent in 1992 to 10.2 percent in 1998 (chi-square for
linear trend, 75.3; P<0.001) (Fig. 1). The prevalence
of nalidixic acid–resistant isolates exhibited a marked
seasonality characterized by peaks during the first
quarter and valleys during the third quarter of each
calendar year (Fig. 1).

Ciprofloxacin resistance was confirmed in 285

 

C. jejuni

 

 isolates from the study period: 1 in 1993,
16 in 1994, 41 in 1995, 44 in 1996, 98 in 1997 (ex-
cluding all but the first isolate from the outbreak),
and 85 in 1998. The minimal inhibitory concentra-
tion of ciprofloxacin was at least 32 µg per milliliter
in the case of 274 of the ciprofloxacin-resistant iso-

lates (96 percent). With use of the E test for resist-
ance to ciprofloxacin as the standard, testing of 1230
isolates by the preliminary test for resistance to nali-
dixic acid resulted in a sensitivity of 99.6 percent, a
specificity of 98.4 percent, a positive predictive value
of 94.9 percent, and a negative predictive value of
99.9 percent.

All 20 ciprofloxacin-resistant 

 

C. jejuni

 

 isolates from
1997 that we tested were also resistant to grepaflox-
acin, trovafloxacin, enrofloxacin, and sarafloxacin. Sev-
enteen of 20 isolates were resistant to levofloxacin;
the other 3 isolates had intermediate levels of resist-
ance. Minimal inhibitory concentrations of at least
32 µg per milliliter were noted for grepafloxacin (20
isolates), enrofloxacin (17 isolates), trovafloxacin (12
isolates), and levofloxacin (12 isolates). Eighteen of
827 clinical isolates (2 percent) obtained during 1992

 

Figure 1.

 

 Percentage of 

 

Campylobacter jejuni

 

 Isolates Obtained from Minnesota Residents and Submit-
ted to the Minnesota Department of Health That Were Resistant to Nalidixic Acid (Top Panel) and Total
Number of 

 

C. jejuni

 

 Isolates from Minnesota Residents Submitted (Bottom Panel), According to the
Year and the Quarter, 1992–1998.
For the outbreaks, only the index case is included.

0

400

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

50

100

150

200

250

300

350

19951992 19941993 199819971996

N
o

. o
f 

Is
o

la
te

s 
R

ec
ei

ve
d

0

24

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

4

2

6

10

14

18

22

8

12

16

20

19951992 19941993 199819971996

By yearG
By quarter

R
es

is
ta

n
t 

Is
o

la
te

s 
(%

)

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on July 26, 2008 . For personal use only. No other uses without permission. 












