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The methicillin resistance of 363 coagulase-negative staphylococci isolated from blood cultures was deter-
mined by a slide latex agglutination (LA) test for penicillin-binding protein 2a (PBP 2a), the presence of the
mecA gene by PCR, disk diffusion, and Vitek. LA was performed on primary cultures, and PBP 2a expression
was induced by placing an oxacillin disk in the primary inoculum. Compared to the PCR results, LA was the
most sensitive and specific in the detection of methicillin resistance. Without induction, LA failed to detect 50%
of mecA-positive strains grown on two different media.

During the 1980s, the National Nosocomial Infection Sur-
veillance surveys demonstrated the increasing significance of
gram-positive organisms in hospital-acquired infections (3).
Recent reports have confirmed that coagulase-negative staph-
ylococci (CoNS) remain an important cause of bacteremia in
hospitalized patients (1, 12). In North America over the last
three decades, this increase in infections by staphylococci has
been paralleled by an increase in resistance to methicillin
among these organisms. In 1975, only 2% of Staphylococcus
aureus strains were resistant to methicillin, while in 1991, 29%
were resistant (4). Methicillin resistance is even more preva-
lent among CoNS, particularly with hospital-acquired infec-
tions (12).

The increase in CoNS as a cause of bacteremia and the
prevalence of methicillin resistance in these organisms have
led to increased use of vancomycin as empirical therapy. Con-
cern about the spread of vancomycin-resistant enterococci has
prompted the Hospital Infection Control Advisory Committee
to recommend that vancomycin be used judiciously (7). In
addition, beta-lactam agents are considered a better choice for
their therapeutic profile than vancomycin against oxacillin-
susceptible staphylococci (12). Early identification of methicil-
lin resistance in staphylococci, especially from blood isolates,
could, therefore, curtail unnecessary use of vancomycin and
allow earlier optimal therapy of infections in some cases.

The MRSA Screen latex agglutination (LA) test (Denka
Seiken, Niigata, Japan) is a simple slide agglutination test
designed to detect the presence of penicillin-binding protein 2a
(PBP 2a). It has been shown to be reliable for the detection of
oxacillin resistance in CoNS (10). In this study, we evaluated
the usefulness of this test for detecting the antibiotic suscep-
tibilities of CoNS isolated from blood cultures by performing
the test on the primary isolates with a rapid turnaround time.
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Blood cultures submitted to the microbiology laboratory
were processed with the BacT/Alert system (Organon Teknika
Corporation, Durham, N.C.). If gram-positive cocci in clusters
were seen on a Gram stain, the blood culture was subcultured
onto Columbia agar (BA; Oxoid, Napean, Ontario, Canada)
with 5% sheep blood. A 1-ug oxacillin disk was placed in the
primary inoculum. After overnight incubation, if the isolate
was identified as Staphylococcus, growth around the disks was
used to perform the LA test.

The LA test was carried out according to the instructions of
the manufacturer, using a loopful of organisms, and results
were recorded within 3 min. Identification and susceptibilities
of isolates were determined using the GPI and GPS 105 cards
of the Vitek system (bioMerieux Vitek, Inc., Hazelwood, Mo.).
In addition, susceptibilities to oxacillin were determined by
disk diffusion, as described by the National Committee for
Clinical Laboratory Standards (NCCLS) (13). The presence of
the mecA and nuc genes was determined by PCR as described
previously (9, 10). The influence of induction of the mecA gene
and the use of different agar media on the performance of the
LA test were also tested. For this purpose, selected positive
blood cultures were subcultured onto BA and Trypticase soy
agar with 5% sheep blood (TSA; Oxoid, Napean, Ontario,
Canada) plates with and without oxacillin disks. The manufac-
turer of the MRSA-Screen test recommends using BA, TSA,
Mueller-Hinton agar, or brucella agar for the growth of organ-
isms. The LA test was performed after overnight incubation.
PCR results were compared with the results of LA, Vitek, and
disk diffusion. The presence of the mecA gene was considered
the gold standard for oxacillin resistance.

Three hundred sixty-three CoNS isolates from blood cul-
tures were tested. Of these, 201 were positive and 162 were
negative for the mecA gene. There was a complete concor-
dance between the PCR and LA results except for one strain of
Staphylococcus epidermidis and two strains of Staphylococcus
warneri, which produced false-positive results with LA. Two
strains of S. epidermidis and a CoNS strain that was not iden-
tified to species level gave weak reactions.

Susceptibility results were available for 292 strains only. Of
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TABLE 1. Sensitivity and specificity of LA, disk diffusion, and
Vitek for 158 mecA-positive and 134 mecA-negative CoNS strains

% (no. correct/no. tested)

Test
Sensitivity Specificity
LA 100 (158/158) 98.5 (132/134)
Disk diffusion 99.4 (157/158) 91.8 (123/134)
Vitek 99.4 (157/158) 92.5 (124/134)

these, 158 were mecA positive. Disk diffusion and Vitek were
equally reliable in their detection of mecA-positive strains, and
only 1 of 158 strains (0.6%) was not recognized as such. How-
ever, both these methods proved to be less accurate in discern-
ing strains lacking the mecA gene. By disk diffusion and Vitek,
10 of 134 (7.5%) and 11 of 134 (8.2%) mecA-negative strains
appeared to be resistant. Sensitivity and specificity values for
LA, disk diffusion, and Vitek are shown in Table 1. Not sur-
prisingly, mecA-positive CoNS were more resistant to erythro-
mycin (79.9% versus 32%), clindamycin (58.2% versus 25.3%),
and co-trimoxazole (84.4% versus 25.3%) than were mecA-
negative CoNS. Resistance to vancomycin was not observed.

Of 363 specimens, 110 were tested by LA from BA and TSA
plates, with and without oxacillin disks. Eighty-two were mecA
positive and 22 were mecA negative. All mecA-positive strains
gave a positive result with LA after oxacillin induction. With-
out induction, only 41 of 82 (50%) strains yielded a positive
agglutination test. Two mecA-negative strains of S. warneri
produced a false-positive result with LA with induction, irre-
spective of the medium used. No false-positive LA results were
seen if PBP 2a was not induced. Agglutination was on the
whole stronger if the strains were induced for PBP 2a expres-
sion.

Methicillin resistance in staphylococci is due to the produc-
tion of an additional nonnative penicillin-binding protein, PBP
2a (5). PBP 2ais encoded by the mecA gene and has low affinity
for beta-lactam antibiotics. Many strains of staphylococci ex-
press the mecA gene heterogeneously, and only a few cells in a
population of bacteria may be PBP 2a positive. This heteroge-
neity is more common in CoNS than in Staphylococcus aureus
(2). This makes the phenotypic detection of methicillin resis-
tance problematic, especially in CoNS (8). MICs for methicil-
lin-resistant CoNS are usually lower than those for methicillin-
resistant S. aureus (MRSA) (5, 12). To overcome this problem,
the NCCLS has modified oxacillin breakpoints for susceptible
and resistant CoNS (13). The new oxacillin MIC breakpoints,
however, are less accurate when applied to species of CoNS
other than S. epidermidis, S. haemolyticus, and S. hominis (9,
10, 15).

Using previously frozen isolates cultured on BA with oxacil-
lin induction, we have shown that the LA test is more sensitive
and specific than the NCCLS breakpoints for the detection of
methicillin resistance in all species of CoNS (10). In the
present study, we validated our past observation with fresh
isolates and two kinds of media. LA failed to detect 50% of
mecA-positive strains of CoNS if not induced.

Several investigators have challenged the need for induction
(6, 11, 14, 15). All these investigators used a heavier inoculum
than recommended by the manufacturer or extended the ag-
glutination time. Yamazumi et al. found that 30 of 95 mecA-
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positive isolates were LA negative at 3 min, but the investiga-
tors could increase the sensitivity from 68% to 95.7% by
extending the agglutination reaction to 10 min (14). The spec-
ificity of the LA test in the hands of Horstkotte and coworkers
was initially 89.3%, but on retesting, they could achieve a
specificity of 97.3% (6).

We believe that a 10-min reaction time and retesting are not
practical in a busy diagnostic laboratory. Louie and coworkers
achieved results similar to ours and their methodology was also
similar, except they used a much heavier inoculum and the
expression of PBP 2a was not induced (11). The use of oxacillin
disks for the induction of PBP 2a as used in our laboratory is
simple and does not cause a delay in the turnaround time.
Other advantages of induction are a shorter reaction time, the
requirement for a smaller number of organisms, and stronger
agglutination reactions.

CoNS with the mecA gene were more resistant to erythro-
mycin, clindamycin, and co-trimoxazole. However, resistance is
not absolute, and a significant proportion of mecA-positive
CoNS, 15 to 20%, remain susceptible to erythromycin, clinda-
mycin, and co-trimoxazole. Tetracycline was equally active
against mecA-positive and mecA-negative strains. No resis-
tance against vancomycin was observed.

In conclusion, we would recommend that all staphylococci
isolated from blood or sterile body sites be tested for the
presence of PBP 2a with the LA test after overnight induction
with oxacillin. This should enable clinicians to decide whether
to continue with empirical vancomycin therapy or change to
alternate therapies within 24 h of the Gram stain report. For
LA-positive isolates, testing for susceptibility to any agent in
most cases need not be performed, as vancomycin will be the
drug of choice. Only when an agent other than vancomycin is
being considered may susceptibility testing be required. In
most cases, we regard susceptibility testing of LA-negative
CoNS unnecessary, as the LA test is more sensitive and specific
than MIC breakpoints for the detection of methicillin resis-
tance (9, 10, 13). Further, it has been shown that the MIC of
mecA-negative CoNS is rarely =4 pg/ml (9, 10, 11).

REFERENCES

1. Anonymous. 1999. National Nosocomial Infection Surveillance (National
Nosocomial Infection Surveillance) System report, data summary from Jan-
uary 1990 to May 1999, issued June 1999. Am. J. Infect. Control 27:520-532.

2. Archer, G. L., and M. W. Climo. 1994. Antimicrobial susceptibility of coag-
ulase-negative staphylococci. Antimicrob. Agents Chemother. 38:2231-2237.

3. Banerjee, S. N., T. G. Emori, D. H. Culver, R. P. Gaynes, W. R. Jarvis, T.
Horan, J. R. Edwards, J. S. Tolson, T. Henderson, W. J. Matrone, and
National Nosocomial Infection Surveilllance System. 1991. Secular trends in
nosocomial primary blood stream infections in the United States, 1980-1989.
Am. J. Med. 91(Suppl. 3B):86S-89S.

4. Emori, T. G., and R. P. Gaynes. 1993. An overview of nosocomial infections,
including the role of the microbiology laboratory. Clin. Microbiol. Rev.
6:428-442.

5. Hackbarth, C., and H. F. Chambers. 1989. Methicillin-resistant staphylo-
cocci: genetics and mechanism of resistance. Antimicrob. Agents Che-
mother. 33:991-994.

6. Horstkotte, M. A., J. K.-M. Knobloch, H. Rohde, and D. Mack. 2001. Rapid
detection of methicillin resistance in coagulase-negative staphylococci by a
penicillin-binding protein 2a-specific latex agglutination test. J. Clin. Micro-
biol. 39:3700-3702.

7. Hospital Infection Control Advisory Committee. 1995. Recommendations
for preventing the spread of vancomycin resistance. Infect. Control Hosp.
Epidemiol. 16:105-113.

8. Hussain, Z., L. Stoakes, R. Lannigan, S. Longo, and B. Nancekivell. 1998.
Evaluation of screening and commercial methods for detection of methicillin
resistance in coagulase-negative staphylococci. J. Clin. Microbiol. 36:273—
274.



VoL. 40, 2002

10.

12.

. Hussain, Z., L. Stoakes, V. Massey, D. Diagre, V. Fitzgerald, S. El Sayed, and

R. Lannigan. 2000. Correlation of oxacillin MIC with mecA gene carriage in
coagulase-negative staphylococci. J. Clin. Microbiol. 38:752-754.

Hussain, Z., L. Stoakes, S. Garrows, S. Longo, V. Fitzgerald, and R. Lan-
nigan. 2000. Rapid detection of mecA-positive coagulase-negative staphylo-
cocci by an anti-penicillin-binding protein 2a latex agglutination test. J. Clin.
Microbiol. 38:2051-2054.

. Louie, L., A. Majury, J. Goodfellow, M. Louie, and A. E. Simor. 2001.

Evaluation of a latex agglutination test (MRSA-Screen) for detection of
oxacillin resistance in coagulase-negative staphylococci. J. Clin. Microbiol.
39:4149-4151.

Marshall, S. A., W. Wilke, M. A. Pfaller, and R. N. Jones. 1998. Staphylo-
coccus aureus and coagulase-negative staphylococci from bloodstream infec-
tions: frequency of occurrence of antimicrobial susceptibility, molecular

13.

14.

15.

NOTES 2253

(mecA) characterization of oxacillin resistance in SCOPE program. Diagn.
Microbiol. Infect. Dis. 32:205-214.

National Committee for Clinical Laboratory Standards. 1999. Performance
standards for antimicrobial susceptibility testing: ninth information supple-
ment, vol. 19, no 1. NCCLS document M 100-S9. National Committee for
Clinical Laboratory Standards, Wayne, Pa.

Yamazumi, T., I. Fruta, D. J. Diekema, M. A. Pfaller, and R. N. Jones. 2001.
Comparison of the Vitek gram-positive susceptibility 106 card, the MRSA-
screen latex agglutination test, and mecA analysis for detecting oxacillin
resistance in a geographically diverse collection of clinical isolates of coag-
ulase-negative staphylococci. J. Clin. Microbiol. 39:3633-3636.

Zbinden, R., M. Ritzler, E. Ritzler, and B. Berger-Bichi. 2001. Detection of
penicillin-binding protein 2a by rapid latex agglutination test in coagulase-
negative staphylococci. J. Clin. Microbiol. 39:412.



