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Objective—To measure minimum inhibitory concen-
trations (MIC) of 17 antimicrobials for Escherichia coli
isolates from a turkey operation and assess whether
small samples provide precise estimates of geomet-
ric mean MIC.

Design—Prospective study.

Sample Population---105 clinical isolates from birds
and 1,104 fecal isclates from 20 flocks (poults and fin-
isher hens}.

Procedure—A Mueller-Hinton broth dilution panel
was used to measure MIC, and MIC of fecal and
clinical isolates were compared. We drew random
samples of 5, 10, 15, 20, 25, 30, 35, 40, and 45 iso-
lates from each finisher flock and between 100 and
105 isolates from 5, 7, 10, and 20 flocks.
Antimicrobial usage was determined for enrolled
flocks.

Results—Six of 12 poult and 18 of 20 finisher
flocks had been treated with antimicrobials, often
for respiratory ilinesses consistent with colibacillo-
sis. All birds received gentamicin at the hatchery.
More fecal than clinical isolates were resistant to
ampicillin; however, more clinical isolates were
resistant to ciprofloxacin, gentamicin, and sul-
famethoxazole. Precise estimates of geometric
mean MIC for flocks were obtained when > 15
fecal isolates were obtained per flock and, for the
operation, when 105 isolates were obtained from =
7 flocks.

Conclusion and Clinical Relevance—Antimicrobial
usage was common and may have contributed to the
resistance patterns of isolates. With a modest alloca-
tion of laboratory resources, producers can monitor
antimicrobial susceptibilities of clinical and fecal E coli
to manage risks of antimicrobial usage and resis-
tance. {J Am Vet Med Assoc 2002;221:411-416)
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Avian Escherichia coli infections are responsible
for approximately a quarter of all disease-related
losses in turkey production.”” Antimicrobial therapy
is the principal control measure for avian colibacillo-
sis. The selection of an ineffective antimicrobial
agent for treatment of an outbreak of avian patho-
genic E coli infection can lead to losses from pro-
longed illness and the cost of ineffective treatment.!”
Pathogenic E coli strains are commonly resistant to
aminoglycosides, B-lactams, sulfanomides, and tetra-
cyclines.'® An increasing proportion of avian patho-
genic E coli strains are also resistant to fluoro-
quinolones.”” Resistance to expanded-spectrum -
lactams™ is emerging in pathogenic Entero-
bacteriaceae that affect humans® and food-producing
animals.® One purpose of this study was to determine
the antimicrobial susceptibility patterns and geomet-
ric mean minimum inhibitory concentrations (MIC)
of clinical E coli isolates from infected birds and fecal
E coli isolates from an integrated turkey operation for
17 auntimicrobials including ampicillin, cipro-
floxacin, gentamicin, and tetracycline by use of the
1999 National Antimicrobial Resistance Monitoring
System (NARMS) MIC dilution panel for gram-neg-
ative enteric bacteria.® An additional objective was
to evaluate whether geometric mean MIC values of
fecal isolates within and across flocks in the opera-
tion could be precisely estimated with fewer than the
48 isolates that we collected per flock. The purpose
of this analysis was to determine whether a smaller
sample size could be used to monitor antimicrobial
resistance in E coli.

Materials and Methods

Specimens—Six composite fecal specimens were col-
lected from the floors of 20 finisher units with flocks of
birds between 10 and 14 weeks of age in an integrated
turkey operation during the summer of 1999. Two flocks
were randomly selected from each of the 10 service routes.
The median placement was 11,480 birds/flock. Two addi-
tional composite fecal specimens were collected from the
floor of the brooder unit when poults were present in the
building. Specimens were placed in sealed sterile plastic
bags containing 10 ml of buffered peptone water, trans-
ported to the laboratory at 4 C, and processed within 4
hours.

Isolation and identification—A 107 dilution of each
specimen was made in peptone water and 50 pl was plated on
MacConkey agar and incubated at 37 C. After 18 hours of
incubation, 8 lactose-positive colonies were transferred to
nutrient agar plates, incubated for 18 hours at 37 C, and test-
ed {or indole production, oxidase activity, and gram staining
characteristics. Indole-producing, oxidase-negative, gram-
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negative rods were classified as presumptive E coli.
Presumptive E coli isolates were transferred to 4-methylum-
belliferyl-B-n-glucuronide-MacConkey agar plates,® incubat-
ed for 18 hours at 37 C, and tested for B-nD-glucuronidase
activity with an ultraviolet transilluminator (peak excitation
of 365 nm [ultraviolet A] and peak emission of 435 nm [blue
fluorescencel).!! Nine hundred eighty-three of 1,104 (89%)
isolates were confirmed to be E coli on the basis of f-D-glu-
curonidase activity, while 119 (11%) isolates did not have B-
p-glucuronidase activity. Biochemical tests” conducted on a
random sample of 20 isclates without detectable f-p-glu-
curonidase activity confirmed that 18 isolates were E coli, 1
isolate was classified as probable E coli, and the last isolate
was Klebsiella pneumoniae. The clinical isolates included in
this study had been plated on EMB agar at the time of speci-
men submission, tested for indole production, and gram
stained. One hundred five clinical isolates from flocks with
colibacillosis were obtained from the integrated operation
between 1997 and 1999. These clinical isolates had been
stored at =70 C at a regional veterinary diagnostic laboratory.

Antimicrobial usage—At the time of the farm visit,
information on all therapeutic antimicrobial usage in the
flock (eg, type of drug, rationale, and time of treatment) was
recorded from interviews with the field representatives. The
field representatives’ responses were based on review of writ-
ten records for each flock. The therapeutic antimicrobials in
the company formulary were chlortetracycline, enrofloxacin,
erythromycin, oxytetracycline, penicillin, sulfamethazine,
sulfaquinoxalin, and tetracycline.

Antimicrobial susceptibility—The 1998 NARMS MIC
panel® was used to measure antimicrobial resistance patterns
for all 1,104 fecal isolates and 105 clinical E coli isolates.”
The MIC panel was a microplate-based panel with serial 2-
fold broth dilutions over established ranges (Table 1). The
MIC breakpoints were set according to National Committee
for Clinical Laboratory Standards” (NCCLS).

Analyses of antimicrobial susceptibility data—
Analyses regarding MIC were conducted on all 1,104 pre-
sumptive fecal E coli isolates and 105 clinical isolates. The

Table 1--Minimum inhibitory concentration (MIC) ranges of the
1999 National Antimicrobial Resistance System gram-negative
enteric bacteria broth dilution panel and National Committee for
Clinical Laboratory Standards (NCCLS) intermediate and resis-
tant MIC breakpoints for Escherichia coli isolates from veteri-
nary sources

MIC breakpoints {m g/ml}

MIC panel

Antimicrobial range (. g/ml) Intermediate Resistant
Amikacin 4-32 32 64
Ampicillin 2-32 16 32
Apramycin 2-32 — -
Amoxicillin/clavulanic acid 0.5/0.25-32/16 16/8 32/16
Ceftiofur 0.5-16 — —_
Ceftriaxone 0.25-64 16-32 64
Cephalothin 1-32 16 32
Chlaramphenicol 4-32 16 32
Ciprofioxacin 0.015-4 2 4
Forfenical 2-16 —_ —
Gentamicin 0.25-16 8 16
Kanamygin 16-64 32 64
Nalidixic acid 4-256 32
Streptomycin 32-256 — —
Sulfamethoxazole 128-512 —_ 512
Tetracycline 4-32 — 32
Trimethoprim/sulfamethoxazole  0.12/2.3-4/76 — 4/76

— = MIC breakpoint not defined.

percentages of E coli isolates in the susceptibility, intermedi-
ate susceptibility, and resistance ranges were determined for
each antimicrobial according to NCCLS interpretive criteria."
Geometric mean MIC (log 2) were calculated for clinical and
fecal isolates.” Deviations from normal distributions were
encountered for several antimicrobials, and ANOVA for all
antimicrobials was performed on ranked data to test 2
hypotheses. The first null hypothesis was that the rank of
MIC for isolates from clinical specimens was equal to the
rank of MIC for isolates from fecal specimens. The second
null hypothesis was that the rank of MIC for fecal isolates
from finisher flocks was equal to the rank of MIC for fecal
isolates from brooder flocks. Minimum inhibitory concentra-
tions greater than the highest concentration of the panel were
set at 2 times that concentration.

Multiple antimicrobial resistance patterns---Multiple
antimicrobial resistance patterns were determined for ampi-
cillin, ciprofloxacin, gentamicin, sulfamethoxazole, and
tetracycline by use of NCCLS resistance breakpoint criteria
(Table 1). There were 32 mutually exclusive resistance types
for these 5 antimicrobials, and the frequency of each multi-
ple antimicrobial resistance type was determined.
Associations between multiple resistance patterns and the
source of F coli isolates (ie, clinical versus fecal) were evalu-
ated by use of the Fisher exact test.

Extended-spectrum f(-lactam resistance mediated by
cmy2 genes—Two sets of published polymerase chain reaction
(PCR) primers” were used to assess whether 3 clinical isolates
with MIC for ceftriaxone > 16 mg/ml contained cephamycinase
blaCMY (cmy2) genes, which are associated with resistance to
extended-spectrum B-lactams. Polymerase chain reaction
analyses were conducted in the laboratories of the Food and
Drug Administration, Center for Veterinary Medicine, Division
of Animal and Food Microbiology in Laurel, Md.

Geometric mean MIC within flocks—To determine the
effect of the number of fecal isolates that were examined with-
in a flock on estimated geometric mean MIC, we drew ran-
dom samples of 5, 10, 15, 20, 25, 30, 35, 40, and 45 isolates
from each flock. We calculated the sample geometric mean
MIC for ampicillin, ciprofloxacin, gentamicin, and sul-
famethoxazole within each flock and the geometric mean
MIC for all isolates from that flock. Instances in which sam-
ple and overall geometric mean values differed by > 2-fold
were noted. Because of insufficient sample size, 1 flock was
excluded from analyses in which 35 or more isolates were
drawn, another was excluded from analyses of 40 or more iso-
lates, and a third was excluded from analyses of 45 isolates.

Geometric mean MIC across flocks—Four separate
bootstrap analyses were conducted to examine whether sam-
ples of 100 to 105 fecal isolates drawn from 5, 10, 15, and 20
flocks would provide precise and unbiased estimates of the
overall geometric mean MIC of fecal isolates across 20 finish-
er flocks in the operation. The bootstrap analysis was used to
assess the stability of the geometric mean MIC by repeatedly
sampling from the dataset. For each analysis, a sample of
flocks was randomly selected, and isclates were randomly
drawn from across these flocks in equal npumber. Thus, in 1
bootstrap simulation we drew 20 isolates from each of 5 flocks,
in another 10 isolates were drawn from each of 10 flocks, in a
third simulation 7 isolates were drawn from each of 15 flocks,
and in the forth simulation 5 isolates were drawn from each of
20 flocks. One thousand iterations were conducted for each
bootstrap simulation.” Mean MIC and 95% bootstrap intervals
for ampicillin, ciprofloxacin, gentamicin, and sulfamethoxa-
zole were compared with overall geometric mean MIC for the
023 fecal isolates from 20 finisher flocks. For all analyses, a
value of P < 0.05 was considered significant.
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Results

Antimicrobial administration—Aminoglycosides
were not used therapeutically; however, 1-day-old
poults were routinely injected with gentamicin at the
hatchery. Two growth promoters, bacitracin and vir-
giniamycin, were added to turkey feed at the company
mill on a rotating schedule. Six of 12 brooder flocks
and 18 of 20 finisher flocks had been treated with an
antimicrobial drug (Table 2). Antimicrobial therapy
was administered to treat birds with clinical signs con-
sistent with colibacillosis in 12 finisher flocks and 2
brooder flocks, to treat birds with signs of gastroin-
testinal tract disease in 8 finisher flocks and 2 brooder
flocks, and to treat birds with signs attributable to var-
ious body systems in 6 finisher and 4 brooder flocks.

Antimicrobial MIC distributions—Resistance to
ampicillin was observed in 53% of fecal and 14% of
clinical isolates (P < 0.001) and 25% of clinical isolates
had intermediate susceptibility to ampicillin (Table 3).
One percent of all isolates had resistance to the extend-
ed-spectrum f-lactam ceftriaxone. Fight percent of
clinical isolates had resistance to ciprofloxacin, com-
pared with 2% of fecal isolates (P < 0.001). Resistance
to gentamicin was observed in most clinical isolates and
fewer than a quarter of fecal isolates (P < 0.001).
Nalidixic acid resistance was seen in 43% of clinical and
26% of fecal isolates (P < 0.001). Sulfamethoxazole
resistance was detected in 84% of clinical isolates and
58% of fecal isolates (P < 0.001). The proportion of iso-
lates with resistance to tetracycline was approximately
90%, regardless of source (P = 0.9).

Multiple antimicrobial resistance—Five multiple
antimicrobial resistance patterns accounted for at least
5% of either clinical or fecal isolates, 78% of clinical
isolates, and 72% of all fecal isolates combined (Table
4). No other multiple resistance type accounted for >
5% of isolates from either source; however, 7% of clin-
ical and 5% fecal isolates were susceptible to all 5
antimicrobials.

Detection of the cmy2 gene in clinical isolates—
One of 3 clinical isolates with MIC for ceftriaxone > 16
pg/ml was confirmed to contain the cmy2 gene.

Geometric mean MIC within flocks—Mean MIC
of randomly selected isolates within flocks differed
from overall means for flocks by 1 logarithmic unit
(base 2) in 23 of 696 (3%) analyses and by 2 logarith-
mic units in 3 (< 1%) analyses. Fourteen of the 23
(61%) instances occurred when 5 isolates were drawn,
6 (26%) when 10 were drawn, and 3 (13%) when 15
were drawn. No such differences were observed when
> 20 isolates were drawn. Two of 3 instances in which
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Figure 1—Geometric mean minimum inhibitory concentration (MIC)
for ampicillin (A), ciprofloxacin (B), gentamicin (C), and sulfamethoxa-
zole (D} for a fixed number of presumpitive fecal Escherichia coliisolates
obtained from finisher flocks in a turkey operation, with 95% bootstrap
intervals and overall geometric mean MIC for all 923 isolates.

Table 2--History of antimicrobial treatment in a sample of 12 brooder flocks and 20 finisher flocks

from an integrated turkey operation

Brooder flocks

Finisher flocks

Antimicrobial used

No. flocks (%)  Median age (wk) firstuse  No. flocks (%)  Median age (wk) first use

Any drug 6 (50} 2
Tetracyclines 2017 2
Sulfonamide drugs 0(0) —
Enrofloxacin 2{17) 2z
Penicillin 5{42) 2

18 (90) 3
11 {55} 6
2{10) 5
8 {40) 5
10 (50) 2
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Tahle 3—Antimicrobial susceptibilities for 17 antimicrobials tested against clinical and fecal Escherichia
coli isolates from an integrated turkey operation
Percentage MIC (= g/ml)
Antimicrobial Ecolisource Susceptible Intermediate Resistant  Median Mean P value’
Amikacin Clinical 97 2 1 4 4.59 0.002
Fecal 0.97
Finisher 99 0 1 4 4.16
Brooder 99 0 1 4 412
Amoxicilling
clavulanic acid Clinical 85 8 8 4 485 0.47
Fecal 0.04
Finisher 92 7 2 4 431
Brooder 82 16 2 8 4.85
Ampicillin Clinical 61 25 14 4 6.0 < 0.001
Fecal 0.003
Finisher 47 2 51 64 129
Brooder 35 2 63 64 19.5
Apramycin Clinical — — — 4 445 < 0.001
Fecal 0.57
Finisher — —_ — 4 331
Brooder — — — 4 325
Ceftriaxone Clinical 97 2 1 0.25 0311 0.002
Fecal 0.09
Finisher 99 0 1 0.25 0.268
Brooder 99 1 i 0.25 0.261
Ceftiofur Clinical — — — 0.5 0.643 <2 0.001
P Fecal 0.88
E o Finisher — — — 0.5 0.516
zlx Brooder — —_ — 0.5 0.52
% =l Cephalothin Clinical 52 30 18 8 10.2 0.03
=D
=0 Fe(_:a_l 0.60
S5d& Finisher 64 24 12 8 9.54
o Brooder 54 25 20 8 9.48
Chloramphenicol Clinical 94 3 3 4 4.84 0.025
Fecal 0.87
Finisher 98 1 1 4 435
Brooder 93 1 1 4 437
Ciprofloxacin Clinical 90 3 8 0.015 0.066 < 0.001
Fecal 0.008
Finisher 98 1 2 0.015 0.035
Brooder 94 4 2 0.015 0.043
Florfenicol Clinical — — — 4 337 0.23
Fecal 0.06
Finisher — — — 2 310
Brooder — — 4 330
Gentamicin Clinical 32 13 55 16 6.8 < 0.001
Fecal < 0.001
Finisher 76 4 20 05 1.1
Brooder 62 9 2 1 19
Kanamycin Clinical 53 2 45 16 40.85 << 0.001
Fecal 0.14
Finisher 67 2 3 16 305
Brooder 75 2 4 16 26.5
Nalidixic acid Clinical 57 — 43 4 240 < 0.001
Fecal 0.005
Finisher 76 — 24 4 1.1
Brooder 65 — 35 4 16.4
Streptomycin Clinical — — — 128 1045 0.04
Fecal 0.09
Finisher — — — 64 81.3
Brooder — — — 64 92.8
Sulfamethoxazole Clinical 16 — 84 > 512 — < 0.001
Fecal 0.8
Finisher 42 —_— 58 > 512 —
Brooder 45 - 55 > 512 —
Tetracycline Clinical 9 2 %0 > 32 0.23
Fecal 0.0
Finisher 9 0 g1 >32 —
Brooder 14 0 86 > 32 —
Trimethoprim/
sulfamethoxazole Clinical 9 2 90 0.12 0.17 > 0.001
Fecal 0.12
Finisher 9 0 91 0.12 0.14
Brooder 14 0 86 0.12 0.13
*P value for ANOVA of ranks for clinical and fecal isolates and for fecal isolates from finisher and brooder flocks. Farm of
origin was incorporated into models as a source of variation.
— = No NCCLS breakpoints for apramycin, ceftiofur, florfenicol, or streptomycin, and no intermediate susceptibility break-
point for nalidixic acid or sulfamethoxazole.
414 Scientific Reports: Original Study JAVMA, Vol 221, No. 3, August 1, 2002




Table 4--Antimicrobial resistance types accounting for at least
5% of either clinical or fecal isolates from an integrated turkey
operation®

Resistance type’ Clinical {%) Fecal* (%] Pvalue’
AGST 3(3) 102 (9) 0.03
AST 5{5) 235{21) < 0.001
AT 2{2) 199 (18} < 0.001
GsT 50 {48) 96 (9} < 0.001
ST 21 (20 152 (14) 0.08
Susceptible 7N 59 (5) 0.57

°MIC greater than the NCCLS resistance breakpoint. *1,104 presumptive
fecal £ coli {923 isolates from finisher and 181 isolates from brooder flocks).
y*Test of equal proportions for clinical and fecal isolates.

A = Ampicillin. G = Gentamicin. 8 = Sulfamethoxazole. T = Tetracycline.
Susceptible = Susceptible to all 5 antimicrobial combinations. There were 32
possibie mutually exclusive antimicrobial resistance types for these antimi-
crobials.

See Table 1 for MIC breakpoint key.

a 2-logarithmic-unit difference was seen occurred
when 5 isolates were drawn (ampicillin and gentam-
icin) and the other when 10 isolates were drawn (gen-
tamicin).

Geometric mean MIC across flocks—When 100
to 105 isolates were drawn from across flocks, mean
MIC were within 1 log-2 unit of the overall geometric
mean MIC for all 923 isolates (Fig 1), with the excep-
tion of ampicillin when isolates were drawn from 5
flocks (mean MIC > 16 pg/ml).

Discussion

Antimicrobial therapy was common in the flocks
that were studied and was often administered to trear
respiratory syndromes consistent with avian colibacil-
losis. Most avian pathogenic E coli strains were resis-
tant to sulfamethoxazole, tetracycline, and gentamicin,
Random samples of as few as 15 fecal isolates yielded
precise and unbiased estimates of overall geometric
mean MIC within a flock. Similarly, accurate and unbi-
ased estimates of overall geometric mean MIC across
flocks were obtained when 105 fecal isolates were
drawn in equal proportion from as few as 7 flocks.
These results suggest that the MIC of fecal E coli MIC
can be estimated with a modest allocation of laborato-
ry resources. Monitoring MIC of fecal E coli isolates in
food animal operations provides producers with an
indicator organism to make informed decisions regard-
ing therapeutic options and to manage risks of antimi-
crobial usage and resistance.

Differences in MIC of ciprofloxacin, gentamicin,
and sulfamethoxazole between clinical and fecal iso-
lates may relate to selective pressures on these bacteri-
al populations. Results of other studies also indicate
that a large proportion of avian pathogenic E coli
strains are resistant to fluoroquinolones,™ sulfon-
amides,”*"” and tetracyclines.”"*'* Individual and mul-
tiple antimicrobial resistance patterns of avian patho-
genic E coli strains both reflect antimicrobial usage pat-
terns in the poultry industry*" Although gentamiicin
was not administered after poults left the hatchery,
most clinical isolates had resistance to this drug.™*"*
Dipping of eggs and injection of day-old poults with
gentamicin are likely to drive gentamicin resistance in
E coli isolates from turkeys.”® Conversely, a larger pro-

portion of fecal than clinical isolates had resistance to
ampicillin, suggesting that use of penicillin in sampled
flocks may have exerted selective pressure on the fecal
flora. While clinical isolates were collected over a
longer timespan than fecal isolates and isolates from 2
sources may differ,” MIC data for fecal and clinical E
coli isolates provided separate indications of the effect
of antimicrobial pressures within this operation.

In this study, 3 clinical isolates were resistant to cef-
triaxone and 1 carried the cmy2 gene that conlers resis-
tance to extended-spectrum p-lactams.™" Further-
more, while only 8% of clinical isolates were resistant to
ciprofloxacin, 43% were resistant to nalidixic acid. This
trait, generally conferred by a mutation in the gyrA sub-
unit, is often a first step toward expression of fluoro-
quinolone resistance.'® These findings add to concerns
that the use of antimicrobials to control avian colibacil-
losis infections is costly,” marginally effective, and can
contribute to antimicrobial-resistant infections in
humans, poultry, and other animals.”

Our findings regarding the effect of sample size on
estimates of geometric mean MIC within and across
flocks may be of interest to food animal producers and
others who seek to manage the risk of antimicrobial
resistance in food animal production.”* A modest
allocation of laboratory resources may permit informed
decisions regarding antimicrobial usage in food animal
populaticns. For example, as the geometric mean MIC
of an antimicrobial agent approaches a threshold (eg,
intermediate susceptibility MIC breakpoint), the vet-
erinarian can limit its use in favor of another drug. Our
findings that a small sample of fecal E coli isolates pro-
vides a precise estimate of central MIC is consistent
with findings of a study conducted in Colorado dairy
herds.® In that study, estimates of central MIC remained
stable when as few as 5 isolates were examined per ani-
mal or herd. We note that the MIC of individual strains
can provide additional and often early evidence of the
emergence of a resistance problem such as cmy2-medi-
ated resistance to extended spectrum B-lactams, as
detected among clinical isolates in our sample.

The selection of presumptive fecal E coli as an
indicator organism for monitoring antimicrobial resis-
tance in food animal production is supported by other
studies.” These organisms are common and easy to
grow and identify in the laboratory. In another study, >
95% of presumptive fecal E coli isolates from finisher
swine were found to be E coli when complete bio-
chemical testing was conducted.” In our study, com-
posite fecal specimens were collected rather than spec-
imens from individual birds. Results of a study of fin-
isher pigs indicate that composite and individual fecal
specimens produce equally precise and unbiased esti-
mates of the prevalence of antimicrobial-resistant fecal
E coli.* Drag swabs are often used to sample poultry
environments because they are safe, efficient, and
reflect the common exposure profiles of production
flocks.” A limitation of composite fecal swabs is that
because saturated swabs are not absorbent, strains that
are clustered within a house may be missed.” To miti-
gate this, we collected composite fecal specimens from
small, equally sized areas throughout the house.

In our study, most avian pathogenic E coli isolates
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were resistant to gentamicin, sulfamethoxazole, and
tetracycline. Nearly half of pathogenic isolates were
resistant to nalidixic acid, and a quarter had interme-
diate resistance to ampicillin. Five multiple antimicro-
bial resistance patterns accounted for > 70% of clinical
and fecal isolates. Qur data suggest that precise and
unbiased estimates of geometric mean MIC of fecal E
coli within and across flocks in a poultry operation can
be obtained with a modest allocation of laboratory
resources. This type of monitoring may be used to
make informed decisions regarding therapeutic
options and manage risks of antimicrobial resistance.

“‘Remel Laboratories, Lenexa, Kan.

*Vitek Systems, Hazelwood, Mo.

“Trek Diagnostics, Westlake, Ohio.

‘proc FREQ, SAS, version 8, SAS Institute, Cary, NC.

‘Proc MEANS, SAS, version 8, SAS Institute, Cary, NC.

Resampling Stats, add-in for Microsoft Excel v.2b, Institute for
Professional Education, Arlington, Va.

*Morley PS, Bolte D, Wittum TE. Effect of varying sampling strategies
within-animals on population estimates for antimicrobial drug
resistance in non-type-specific E coli (abstr), in Proceedings. Int Soc
Vet Epidemiol Econ, 2000.
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