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Duplicate antimicrobial susceptibility test results were reviewed over a 1-year period to determine whether
repeat testing of sequential isolates with the same identification from the same patient and specimen site was
necessary. In our institution, repeat testing is always needed for coagulase-negative staphylococci and
Pseudomonas aeruginosa and is needed after 3 days for members of the family Enterobacteriaceae, but it is not

routinely necessary for Staphylococcus aureus.

It is recommended (2) that clinical microbiology laborato-
ries save time and money by eliminating duplicate antimi-
crobial susceptibility testing of sequential bacterial isolates
with the same identification from the same patient and
specirnen site. It is not clear how many days should elapse
before testing is needed again. Recommendations vary from
3 to 7 days (1).

Repeat testing may not be necessary for several days or
weeks, since the usual mechanisms by which bacteria de-
velop resistance (12), including conjugation, transduction,
and random chromosomal mutation, do not appear to con-
tribute to the rapid appearance of resistance during the
treatment of disease. On the other hand, resistance may be
detected during treatment if multiple strains were originally
present but not recognized (10), if derepression of a B-
lactamase-producing gene occurs (8), or if an error was made
during the original antimicrobial susceptibility test (3).

We present here a review of 690 bacterial stains for which
antimicrobial tests were repeated up to 28 days after the
original test in order to determine whether repeat testing
could be eliminated or postponed and, if so, for how long.

Repeat antimicrobial susceptibility tests were performed
as part of the routine bacteriology laboratory workup during
1986 on patient isolates obtained from specimens other than
blood. A repeat susceptibility test was defined as one that
was performed on an isolate from the same patient and
specimen site with the same identification as a previous
isolate but that was cultured from a subsequent specimen
obtained on the same day or up to 28 days after the original
specimen was cultured. Antimicrobial susceptibility tests
were performed by standardized disk diffusion susceptibility
methods (6). Only susceptible to resistant changes, which
were very major errors, were counted (13). We extended the
original meaning of very major error to include any report of
susceptibility which, in truth, was resistant. Isolates used for
data collection included Escherichia coli, Enterobacter aero-
genes, Enterobacter cloacae, Klebsiellu pneumoniae, Ser-
ratia marcescens, Pseudomonas aeruginosa, Staphylococ-
cus aureus, and coagulase-negative staphylococci. The
batteries of antimicrobial agents that were tested included
ampicillin, mezlocillin, piperacillin, cefazolin, cefoxitin,
cefoperazone, gentamicin, tobramycin, amikacin, tetracy-
cline, and trimethoprim-sulfamethoxazole for members of
the family Enterobacteriaceae; mezlocillin, piperacillin,
cefoperazone, gentamicin, tobramycin, and amikacin for P.
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aeruginosa; and penicillin, oxacillin, clindamycin, erythro-
mycin, trimethoprim-sulfamethoxazole, and vancomycin for
the staphylococci.

Susceptibility test batteries were reviewed retrospectively
for 692 microorganisms. This included 5,575 organism-anti-
microbial agent combinations. The number of these combi-
nations which showed susceptible to resistant changes, the
total number of organism-antimicrobial agent tests per-
formed, and the percentage of the total which changed are
given in Table 1. Because only susceptible strains could
show a susceptible to resistant change, relevant antibio-
grams representing the period of data collection are summa-
rized in Table 2. The most common organisms to show a
susceptible to resistant change were the coagulase-negative
staphylococci and P. aeruginosa. Changes were much less
common for members of the family Enterobacteriaceae and
Staphylococcus aureus. All antimicrobial agents in the co-
agulase-negative staphylococcal test battery, with the excep-
tion of vancomycin, showed a greater than 10% susceptible
to resistant change for all strains retested during the first 7
days. The most common antimicrobial agents to change,
when tested with P. aeruginosa, were mezlocillin, piperacil-
lin, and cefoperazone, which showed 5, 3, and 3% suscep-
tible to resistant changes, respectively, for all strains that
were retested during the first 7 days. When penicillin was
tested with Staphylococcus aureus, there was a 3% change
for strains that were retested during the first week. No other
microorganism-antimicrobial agent combination showed a
1.5% or greater susceptible to resistant change during the
first 7 days. Bacteria which showed susceptible to resistant
changes were isolated from the respiratory and urinary tracts
and wounds. Of the strains that were réetested during the first
week, 0.7% of the organism-antimicrobial agent combina-
tions for the respiratory tract, 0.7% for the urinary tract, and
0.4% for wounds showed susceptible to resistant changes.

Susceptible to resistant changes were also calculated for
the antimicrobial agent test battery for each microorganism,
as opposed to each antimicrobial agent. The number of
repeat test batteries containing at least one susceptible to
resistant change, the total number of repeat test batteries
performed, and the percentage of repeat test batteries con-
taining one or more changes are given in Table 3.

To determine whether a technical error in the susceptibil-
ity testing procedure contributed significantly to the number
of repeat results which changed, 1,218 repeat P. aeruginosa
disk susceptibility tests were also reviewed for resistant to
susceptible changes. Eight (0.4%) such changes were found.

There are two solutions to the problem of when to repeat
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TABLE 2. Percentage of microorganisms susceptible in vitro during 1986

% Susceptible to the following antimicrobial agent:

Organism
PN (0).¢ AM MEZ PIP CZ FOX CEP GM TB AK CM EM SXT TE VM
Coagulase-negative staphylococci 19 53 NA” NA NA NA NA NA NA NA NA 70 49 66 NA 100
Pseudomonas aeruginosa NA NA NA 80 9S NA NA 86 84 94 96 NA NA NA NA NA
Members of the family NA NA 4 88 87 77 79 94 9 99 99 NA NA 93 61 NA
Enterobacteriaceae
Staphylococcus aureus 12 99 NA NA NA NA NA NA NA NA NA 97 89 9 NA 100

“ Abbreviations: PN, penicillin; OX, oxacillin; AM, ampicillin; MEZ, mezlocillin: PIP, piperacillin; CZ, cefazolin; FOX, cefoxitin; CI-;P, cefoperazone; GM,
gentamicin; TB, tobramycin; AK, amikacin; CM, clindamycin: EM, erythromycin; SXT, trimethoprim-sulfamethoxazole; TE, tetracycline; VM, vancomycin.

» NA, Not applicable.

< Includes Escherichia coli, Enterobacter aerogenes, Serratia marcescens, Klebsiellu pneumoniae, and Enterobacter cloacae.

of the family Enterobacteriaceae, but is not routinely nec-
essary for Staphylococcus aureus.

The high percentage of coagulase-negative staphylococci
which had repeat tests showing susceptible to resistant
changes, the relatively even distribution of these changes
over the 28 days of data collection, and the lack of evidence
suggesting that in vivo development of resistance for this
group of microorganisms commonly occurs suggest that
different strains were isolated for the repeat test (Table 1).
Although 6% of P. aeruginosa repeat tests changed from
susceptible to resistant, most changes occurred after day 5.
We speculate that most of the changes which occurred after
day 5 represented repeat tests on newly acquired strains.
Those that occurred during the first 5 days may have
represented the development of resistance by the original
isolate or the presence of multiple P. aeruginosa strains in
either the initial or repeat culture which went undetected.
Strain dissociation is common when P. aeruginosa is iso-
lated from patients with cystic fibrosis. Each strain that is
dissociated may have a different antibiogram (9). This phe-
nomenon may occur to a lesser extent in all infected patients
(10). The usual method of touching four to five colonies for
disk diffusion susceptibility testing would not ensure that all
strains are sampled. The enteric gram-negative bacilli had
relatively few susceptible to resistant changes. The develop-
ment of resistance, the acquisition of a new strain, or the
inability to recognize multiple strains in a culture could
explain these changes. The three susceptible to resistant
changes for Staphylococcus aureus all involved penicillin.
We checked all penicillin-susceptible Staphylococcus aureus
isolates for penicillinase production following enzyme induc-
tion around an oxacillin disk. All were negative. The Staph-
ylococcus aureus isolates which changed were most likely
different strains.

Similar percentages of susceptible to resistant changes
were detected in specimens from the respiratory and urinary
tracts and from wounds. The source of the specimen did not
predict whether repeat testing of the isolate was necessary.

Technical errors in the susceptibility testing procedure
were most likely not the cause of the susceptible to resistant
changes, since the opposite change for P. aeruginosa, resis-
tance to susceptibility, was very uncommon (0.4%). We
assume that inconsistent test procedures would give roughly
equal errors in both directions.

The most common antimicrobial agents, other than those
tested with the coagulase-negative staphylococci, to show
susceptible to resistant change following repeat testing were
mezlocillin, piperacillin, and cefoperazone when they were
tested with P. aeruginosa. Since resistance to the ureidopen-
icillins and cephalosporins in our institution is common
(Table 2), we would expect to see susceptible to resistant
changes resulting from the development of resistance or the
testing of a second strain. Aminoglycoside resistance, on the
other hand, is unusual; therefore, we would not expect to see
such changes for these antimicrobial agents.

In summary, repeat testing in our institution is always
needed for coagulase-negative staphylococci and P. aerugi-
nosa and is needed after 3 days for members of the family
Enterobacteriaceae, but it is not routinely necessary for
Staphylococcus aureus. Since resistance to antimicrobial
agents varies from one institution to another, these recom-
mendations may not apply to all laboratories. Susceptible to
resistant changes were most common with the ureidopeni-
cillins and the cephalosporins that were tested. The source
of the specimen did not predict whether repeat testing of the
isolate was necessary. The reasons for the susceptible to
resistant changes are not known for sure. Development of
resistance or testing of a new strain are two probable causes.

TABLE 3. Antimicrobial agent batteries containing susceptible to resistant change(s) following repeat testing of identical isolates”

No. of repeat batteries containing change(s)/total number of repeat batteries

[% of repeat batteries containing change(s)] on day(s)”:

Organism
1 2 3 4 5 6-7 8-10 11-14 1528  Total forall
days
Coagulase-negative s.taphylococci 26/44 (59) 7/10(70) 1/8 (13) 1/6 (17) 1/6 (17) 5/8(63) 1/5(20) 0/1 ©0) 0/0 (0)  42/88 (48)
Pseudomonas aeruginosa 3/43(7)  0/18(0) 1/17(6) 4/14(29) 0/14 (0) 8/28 (29) 6/23 (26) 9/23 (39) 7/23 (30) 38/203 (19)
Members of the family 3/105 3) 1/24 (4) 1/23 (4) 2/16 (13) 4/14 (29) 1/17(6) 2/30(7) 216 (13) 8/42 (19) 24/287 (8)
Enterobacteriaceae®

Staphylococcus aureus 1/58 (1.7) 0/8 (0) 1/11 (9) 0/7 (0) 1/3(33) 0/7 (0) 0/6 (0) 0/6 (0) 0/6 (0) 3/112 (3)

“ Susceptibility tests were performed by standard disk or diffusion techniques. Identical isolates were the original and subsequent isolate from the same patient

and the same specimen site and with the same identification. The batteries of an

timicrobial agents tested for the staphylococci (6 drugs), Pseudomonas aeruginosa

(61drugs). and members of the family Enterobacteriaceae (11 drugs) are given in the text.
One or more susceptible to resistant changes within an antimicrobial agent test battery, follwoing repeat testing of an identical isolate, constituted a changed

battery.

< Includes 125 Escherichia coli, 52 Enterobacter aerogenes, 48 Serratia marcescens, 32 Klebsiella pneumoniae, and 30 Enterobacter cloacae isolates.
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