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Comparison of Methods for the Identification of Coagulase-
negative Staphylococci
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Coagulase-negative staphylococci (CNS) species identification is still difficult for most clinical laboratories.
The scheme proposed by Kloos and Schleifer and modified by Bannerman is the reference method used for the
identification of staphylococcal species and subspecies; however, this method is relatively laborious for routine use
since it requires the utilization of a large number of biochemical tests. The objective of the present study was to
compar e four methods, i.e., the reference method, the API Saph system (bioMérieux) and two methods modified from
the reference method in our laboratory (simplified method and disk method), in the identification of 100 CNS
strains. Compared to the reference method, the simplified method and disk method correctly identified 100 and 99%
of the CNS species, respectively, while this rate was 84% for the APl Saph system. Inaccurate identification by the
API Saph method was observed for Staphylococcus epidermidis (2.2%), S. hominis (25%), S. haemolyticus (37.5%),
and S. warneri (47.1%). The simplified method using the simple identification scheme proposed in the present study
was found to be efficient for all strains tested, with 100% sensitivity and specificity and proved to be available
alternative for the identification of staphylococci, offering, higher reliability and lower cost than the currently
available commercial systems. This method would be very useful in clinical microbiology laboratory, especially in
places with limited resources.
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Forty species of the genus Staphylococcus have been
identified thusfar (Trilzsch et al. 2002, Bannerman 2003,
Kwok & Chow 2003, Spergser et a. 2003). S. aureus, a
coagul ase-positive species which produces a series of
other enzymes and toxins, isthe best known and has been
frequently implicated in the etiology of a series of infec-
tions and intoxications in animals and humans, whereas
coagul ase-negative staphylococci (CNS), representing the
majority of species, have been considered to be
saprophytic or rarely pathogenic (Kloos& Schleifer 1975).
Over the last decade, however, CNS have been recog-
nized as the etiological agents of a series of infectious
processes, representing the microorganisms most com-
monly isolated from blood cultures (Huebner & Goldmann
1999).

About half of CNS species naturally colonize humans,
and at present they are considered essentially opportu-
nistic etiological agents, that prevail in numerous organic
situationsto produce severeinfections (Bannerman 2003).
The emergence of CNS as pathogens of different infec-
tions can be the result of the increasing use of invasive
procedures such as intravascular catheters and prosthe-
ses in patients undergoing intensive treatment, im-
munocompromised patients, premature children, patients
with neoplasias, and transplant patients (Kloos &
Bannerman 1994).
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The species that most frequently cause diseases in
humansare S. epidermidis (bacteremia, infections dueto
implanted medical devices such as prostheses and cath-
eters, infection of surgical wounds, peritonitisin patients
on continuous peritoneal dialysis, osteomyelitis, en-
dophthalmitisetc.), S  haemolyticus (endocarditis, perito-
nitis, septicemia, and infections of the urinary tract,
wounds, bone, and joints), and S. saprophyticus (urinary
infections and septicemic processes). Other significant
opportunistic pathogens include S. hominis, S. warneri,
S capitis, S simulans, S. cohnii, S. xylosus, and S. sac-
charolyticus (Bannerman 2003). S. lugdunensisseemsto
be associated with endocarditis after implantation of pros-
thetic valves, with peritonitis, with soft tissue infection,
and with vertebral osteomyelitis (Osmon et a. 2000).

In view of the known pathogenic potential of CNS
within the hospital environment, interest regarding the
variety of speciesrelated to infection and their toxigenic
potential and virulence has increased over the last de-
cade and has led to the publication of various studies on
these aspects. However, despite the growing character-
ization of CNS infections, these microorganisms are not
identifiedin clinical microbiology laboratories. Thescheme
proposed by Kloos and Schleifer (1975) and modified by
Bannerman (2003) is the method conventionally used;
however, this method is relatively laborious for routine
use sincealarge number of biochemical testsarerequired.
In most laboratories of routine, staphylococci are identi-
fied based on morphological aspects of the colonies, gram
staining and catalase and coagulase production, which
only permit the classification of staphylococci into S
aureus and non-S. aureus isolates, with the latter simply
being classified asCNS.
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The development of methods for the identification of
staphylococcal species and subspecies permits clinicians
to obtain information about the variety of CNS present in
clinical specimens and to consider them as etiological
agents of infectious processes. Accurate identification of
CNSisneeded in order to have an early prediction of the
potential pathogenicity or antibiotic susceptibility of each
clinical isolate and to clarify the clinical significance of
each species. Repeat  CNS isolates from patients with
invasive diseases should beidentified to allow acompari-
son of the strains. On the other hand, species identifica-
tion is a prerequisite before typing procedures for epide-
miological studiesare undertaken.

In recent years, several commercia systems for the
rapid identification of staphylococci have been devel oped
as an alternative to the classical identification protocols
(Bannerman 2003). However, these diagnostic systems
present problems such as cost and incubation time, often
provideunreliableresults (Grant et al. 1994, Perl et a. 1994).
Additionally, many of these kits were designed for the
identification of all known CNSspecies(i.e., clinical, vet-
erinary, and alimentary isolates) and thus are not very
specific. Based on the above considerations and in view
of the need for rapid, simple, and reliable methods, the
objective of the present study was to compare four tech-
niquesfor theidentification of CNS, i.e., areferencemethod
(Kloos & Schleifer 1975, Bannerman 2003), the commer-
cia API Staph system, and two methods modified from
the reference method in our laboratory to develop alter-
native identification methods combining simplicity, reli-
ability, and low cost, especially to placeswith limited re-
Sources.

MATERIALSAND METHODS

Isolates - One-hundred CNS isolates obtained from
clinical specimens of patients hospitalized at the Univer-
sity Hospital of the Faculty of Medicine, Universidade
Estadual Paulista (Unesp), Botucatu Campus, were stud-
ied. Strainswereisolated as described by Koneman et al.
(1997).

Identification of CNS - The isolates obtained from
clinical specimenswere plated onto blood agar and gram
stained in order to guarantee their purity and the preser-
vation of their morphology and specific staining. After
confirmation of these characteristics, the isolates were
submitted to the catalase and coagulase tests. Saphylo-
coccus was differentiated from Micrococcus species on
the basis of the oxidation and fermentation of glucose,
resistance to bacitracin (0.04 U) indicated by absence of
an inhibition halo or presence of an inhibition halo mea-
suring up to 9 mm in diameter, and susceptibility to fura-
zolidone (100 pg) characterized by inhibition zones mea-
suring 15to 35 mmin diameter (Baker 1984).

The four methods described below were used for the
identification of CNS. The following international refer-
ence CNS strains were used as controls: S epidermidis
(ATCC 12228), S. simulans (ATCC 27851), S. warneri
(ATCC 10209), S. xylosus (ATCC 29979), and S.
saprophyticus (ATCC 15305).

Reference method proposed by Kloos and Schleifer
(1975) and Bannerman (2003) - This method consists
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of aset of biochemical teststhat determine the utilization
of the sugars xylose, arabinose, sucrose, trehalose, mal-
tose, mannitol, lactose, xylitol, ribose, fructose, and man-
nose, production of hemolysin, nitrate reduction, pres-
ence of urease and ornithine decarboxylase, and resis-
tance to novobiocin characterized by an inhibition halo
of up to 16 mm. Readings of the tests were obtained after
24,48, and 72 h of incubation at 37°C in an air incubator.

API Saph - The API Staph system (bioMérieux) isa
ready-to-use test battery consisting of 20 biochemical
tests to which an homogenous bacterial suspension at
0.5 McFarland turbidity isadded. After 24 h of incubation
at 37°C and addition of the VP (VP1and VP2), NIT (NIT1
and NIT2), and PAL (ZYM A and ZYM B) reagents ac-
companying the kit, the reactions were interpreted and
microorganismswereidentified using the analytical cata-
log. Identification is based on a numerical system con-
sisting of seven digits which provides percent identifica-
tion (%I D), with avalue = 80% being acceptable.

Modified methods - Two identification methods modi-
fied in our laboratory were used (simplified method and
disk method). The simplified method was divided into two
steps. During the first step, fermentation of xylose, su-
crose, trehalose, maltose, and mannitol, production of
hemolysin, and anaerobic growth in thioglycolate were
tested (TableI). The tests used in the second step varied
according to the results obtained in thefirst identification
step after 72-h incubation at 37°C. The complementary
tests used during the second step (when necessary) are
specifiedinTablell.

The disk method consisted of the following tests: fer-
mentation of arabinose, sucrose, trehal ose, maltose, man-
nitol and lactose, nitrate reduction, production of hemol-
ysin, tests for urease and ornithine decarboxylase, and
resistance to novobiocin. For the sugar fermentation test,
commercially availabledisks specific for each sugar were
placed in tubes containing 2.5 ml Purple Broth Base me-
dium. Bacterial suspensionswereinoculated as described
by Kloosand Schleifer (1975). Readingsfor thetwo meth-
ods were obtained after 24, 48, and 72 h of incubation at
37°C, and CNS species were identified according to the
identification scheme proposed in the Figure.

Satistical analysis- To determine the degree of agree-
ment between the methods used for the identification of
CNS (simplified method, disk method and API Staph) and
thereferencemethod (Kloos& Schleifer 1975, Bannerman
2003), the sensitivity and specificity of thetests (Sox 1986)
were assessed as follows.

Sensitivity: proportion of CNS strainsthat tested posi-
tive for a certain species by the reference method and
which wereidentified as the same species by the method
analyzed (simplified method, disk or APl Staph).

Specificity: proportion of CNSstrainsthat tested nega-
tive for a certain species by the reference method and
which were also negative for the same specieswhen tested
by the method analyzed (simplified method, disk or API

Staph).
RESULTS
The 100 staphylococcal isolates were tested by the

four proposed methods. The results obtained with the
reference method (Kloos & Schleifer 1975, Bannerman
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TABLE|
Summary of the tests used in the first step of the simplified method for the identification of human Saphylococcus species

Coagulase D-Xylose Sucrose D-Trehalose Maltose  Manitol

Anaerobic Hemolysis

Species growth
thioglycolate
S aureus @ + — + + + + + +
S. schleiferi subsp. coagulans@ + - + — - - +, - + +
S schleiferi subsp. schleiferi - - - + - - - + +
S. epidermidis - - + - + - + + =
S haemolyticusP - - + + + - + ¥
S saprophyticus? - - + + + - ¥
S warneri ? - - + + + - + + -
S hominis subsp. hominis @ - - + +, - + - - -
S hominis subsp. novobiosepticus® — - + - + - - _
S simulans 2 - — + +, - + + + + =
S lugdunensis - - + + + - + +
S. capitis subsp. capitis @ - - + - - + + +, -
S. capitis subsp. urealyticus @ - - + - + + + +, -
S cohnii subsp. cohnii P - - - + + - + - n +—
S cohnii subsp. urealyticum® - - - + + + + + -
S xylosus @ - +, * + + + +, - -
S caprae® - - + + - + - + 4

+: positive reaction; — negative reaction; +,— positive or negative; a: speciesidentified in asingle step; b: speciesidentified in two

steps.

TABLE I
Biochemical tests used in the second identification step of the
simplified method for the identification of human
Staphylococcus species
Result of 1st step

sucrose ()

Nitrate reductionUrease production
S. cohnii subsp. cohnii -

S cohnii subsp. urealyticum - +
S caprae + +
S schleiferi subsp. schleiferi + -
Result of 1st step
sucrose (+) mannitol (-) hemolysis (+)
[-D-fructose Urease Ornithine
production  decarboxylase
S warneri + + -
S haemolyticus + - - -
S lugdunensis + +, — +
,,,,,, Resultof Iststep  _ _ _ _
sucrose (+) mannitol (—) hemolysis (-)
Resistance to novobiocin
S warneri _
S saprophyticus +
,,,,,, Resultof 1ststep  _ _ _ _
sucrose (+) mannitol (+)
3-D-fructose Urease Resistance to
production novobiocin
S saprophyticus + + +
S warneri + + -
S haemolyticus + - - -

+: positivereaction; — negativereaction; +, — positive or negative

2003) were compared to those obtained with the modi-
fied methods and the API Staph system.

Table Il shows the agreement in identification be-
tween the analyzed assays and the reference method. The
simplified method and the disk method showed 100 and
99% positivity when compared to the reference method,
whilethis percentage was 84% for the APl Staph system.
Of the 16 isolates with disagreement of identification by
the API Staph method, 10 (62.5%) showed correct identi-
fication but with a%I D of 7.1 to 31%, lower than the ac-
ceptable value.

The international reference strains (ATCC) of S.
epidermidis, S. simulans, S. saprophyticus, and S. xylosus
were correctly identified by the four methods. Only the S
warneri reference strain (ATCC 10209) wasinaccurately
identified by the API Staph system, with characterization
of this strain as S. saprophyticus (%ID = 58.7%), as S.
hominis (%I D = 19.5%), or as S. warneri (%l D = 15.8%).

The simplified method carried out in two stepsdid not
differ from the reference method in terms of theidentifice-
tion of CNS species. In contrast to the other methods, the
disk method showed inaccurate identification and erro-
neously identified an S. hominis strain (6.5%) dueto the
non-fermentation of sucrose on the disk, leading to the
classification of this strain as S caprae. No incongru-
ence was observed for the other species.

Inaccurate identification by the APl Staph system was
observed for S. epidermidis (2.2%), S. warneri (47.1%),
S. hominis (25%), and S. haemolyticus (37.5%), while
agreement with the reference method was 100% for S.
lugdunensis, S. simulans, S. xylosus, S. saprophyticus, S.
caprae, and S. cohnii subspecies urealyticum.

The largest discrepancy was observed between the
reference method and the API Staph system, with the lat-
ter method not accurately identifying 1 S. epidermidis
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strain (identified as S. lugdunensis), 3 S. haemolyticus
strains (2identified asS. aureusand 1 as S. hominis), 4 S.
hominis strains (2 identified as S. lugdunensis, 1 as S.
haemolyticusand 1 as S. aureus), and 8 S. warneri strain
(3identified as S. lugdunensis, 2 as S. haemolyticus, 2 as
S hominisand 1 as S. saprophyticus) (TableI11).

As shown in Table 1V, the sensitivity and specificity
of the simplified method were 100% for all species stud-
ied. The disk method showed 93.8% sensitivity for the
identification of S. hominis and 100% sensitivity for the
other species, while specificity was 98.8% for S hominis,
98.9% for S. caprae, and 100% for the other species. The
sensitivity of the APl Staph was 100% for S. lugdunensis,
S simulans, S. xylosus, S. saprophyticus, S. caprae, and
S. cohnii subspecies urealyticum, 97.8% for S.
epidermidis, 52.9% for S. warneri, 75% for S. hominis,

+ trehalose
coagulase |: maltose
- xylose

and/or arabinose

xylose

+, + S xylosus -
sucrose

+
trehalose

! !

maltose maltose

+ +
mannitol

]

- +
hemolysis

S. simulans

- nitrate

+ S. simulans

+ mannitol
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and 62.5% for S. haemolyticus. The specificity of thistest
ranged from 94.8 t0 98.9% for S. warneri, S. hominis, S.
haemolyticus, S. lugdunensis, and S. saprophyticus
strains, and was 100% for the other species.

DISCUSSION

CNS are the microorganisms most commonly isolated
from blood cultures, representing a serious health prob-
lem in many developing countries and also developed
(Renneberg et al. 1995). Some studies have suggested an
association between S. epidermidis and nosocomial in-
fections (Vuong & Otto 2002) with this speciesbeing iden-
tifiedin 74 to 92% of patientswith bacteremias caused by
CNS (Martin et a. 1989). However, other studies have
reported a series of infections caused by other CNS spe-
cies(Herwaldt et a. 1996), mainly S. haemolyticuswhich

|: + 8. aureus
- S. schleiferi subsp. coagulans

and arabinose

- 8. schleiferi

+ urea subsp. schleiferi

+ 8. caprae

+ 8. cohnii
subsp. urealyticum

- urca

- 8. cohnii
subsp. cohnii

+S. capitis

+S. epidermidis
anaerobic
- growth
thioglycolate

+ - +
ornithine anacrobic resistance to

growth novobiocin
thioglycolate

- + - +
S. lugdunensis

- +
S. hominis resistance
subsp. hominis to novobiocin
urea

+ -—
S. warneri S. haemolyticus

- resistance to
| novobiocin

S. hominis S. hominis
subsp. subsp.
hominis novobiosepticus

S. haemolyticus

S. warneri S. saprophyticus

+.S. saprophyticus

- S warneri

Simple scheme for the identification of human Staphylococcus species; +: positive; — negative; +, — positive or negative; +: weak
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TABLE 111
Identification agreement between the modified methods and the APl Staph system compared to the reference method
Methods
Species Nr of isolates tested Simplified Disk API Staph
N N % N % N %

S epidermidis 45 45 100 45 100 a4 97,8
S warneri 17 17 100 17 100 9 52,9
S hominis 16 16 100 15 93,8 12 75
S haemolyticus 8 8 100 8 100 5 62,5
S lugdunensis 4 100 4 100 4 100
S simulans 3 3 100 3 100 3 100
S xylosus 2 2 100 2 100 2 100
S saprophyticus 2 2 100 2 100 2 100
S caprae 2 2 100 2 100 2 100
S cohnii 1 1 100 1 100 1 100
Totals 100 100 100 99 99 84 84
S Saphylococcus

TABLE IV

Sensitivity and specificity of the simplified method, disk method, and APl Staph system for the identification of human
Staphylococcus species compared to the reference method &

Sensitivity (%)

Specificity (%)

Species Simplified Disk APl Staph Simplified Disk APl Staph
S epidermidis 100 100 97,8 100 100 100
S warneri 100 100 52,9 100 100 98,8
S hominis 100 93,8 75 100 98,8 97,6
S haemolyticus 100 100 62,5 100 100 96,7
S lugdunensis 100 100 100 100 100 94,8
S simulans 100 100 100 100 100 100
S xylosus 100 100 100 100 100 100
S saprophyticus 100 100 100 100 100 98,9
S caprae 100 100 100 100 98,9 100
S. cohnii 100 100 100 100 100 100

a: Gold Standard ( Kloos & Schleifer 1975, Bannerman 2003)

is the second most frequently detected species
(Bannerman 2003). Since CNS are the etiological agents
of aseries of infectious processes, identification of these
microorganismsisimportant for the determination of their
physiopathol ogical characteristicsand clinical importance
and for epidemiological studies, and hasled to the publi-
cation of various studies analyzing identification meth-
ods for these bacteria (Knapp & Washington 1989,
Bannerman et a. 1993, Piccolomini et a. 1994, Renneberg
etal. 1995, leven 1995, DePauliset al. 2003).

In the present study, the methods modified in our |abo-
ratory yielded good resultsin terms of the correct classi-
fication of CNS species compared to the reference method,
with 100% agreement being observed for the simplified
modified method and 99% agreement for the disk method.

The simplified method using theidentification sche-
me proposed here (Figure) led to the identification of S.
epidermidis, S. hominis, S. xylosus, S. capitis, and S.
simulansinasingle step, using atotal of seven biochemi-
cal tests, anumber lower than that employed in the refer-
ence method (16 tests). Since S. epidermidisis the most
frequently isolated species, 70 to 90% of the strains

(Bannerman 2003) isolated in the clinical laboratory can
be identified using areduced number of tests.

With respect to incubation time, the results showed
that 91% of the strains analyzed in the study fermented
the species-specific sugar within 48 h of incubation at
37°C. The other strains (9%) tested positive for the fer-
mentation of given sugars after 72 h of incubation, dem-
onstrating the importance of an incubation of the sugar
fermentation tests of at least 72 h in order to correctly
identify these microorganism.

The identification of S. cohnii, S. schleiferi subspe-
cies schleiferi, S. caprae, S warneri, S. haemolyticus, S
saprophyticus, and S. lugdunensis required the execu-
tion of two or three additional biochemical tests, referred
to as the second step, which varied according to the re-
sult obtained in thefirst step of simplified method. How-
ever, 20 (37.7%) strainsthat required the second step for
their identification fermented trehal ose within 24 h, thus
permitting prior continuation of the additional tests. A
longer time was needed to identify S. cohnii, S. schleiferi
subspecies schleiferi, and S. caprae, since the second
step required for the identification of these species in-
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cluded the nitrate reduction test whoseresult isonly avail-
able after 48 h. However, thisfact does not actually result
inadelay in the diagnosis of CNS since the frequency of
these speciesin clinical samplesis|ow.

Thedisk method was al so found to be highly efficient
and practical since it does not require previous prepara-
tion of sugars, thus preventing the loss of culture media,
in addition to reaching high agreement in the identifica-
tion of CNSwith the reference method.

The commercial API Staph kit showed the lowest ac-
curacy in the identification of CNS among the methods
studied (84% agreement), in agreement with the studies
of (Bannerman et al. 1993, Renneberg et al. 1995).

S warneri and S. hominiswere the most difficult spe-
ciesto identify. Bannerman et a. (1993) also reported a
lower accuracy in the identification of these species. In
thestudy of levenetal. (1995), S. hominiswasidentified
with the least accuracy by the API ID 32 Staph system.
This finding might be explained by the lack of comple-
mentary tests such as novobiocin resistance, anaerobic
growth in thioglycolate and hemolysin production.

Inthe case of S. haemolyticus, incorrect identification
by the API Staph system might be explained by the fact
that the kit does not suggest hemolysin production as a
complementary test, which would be essential for theiden-
tification of S. haemolyticus strains.

Three (3%) of the 100 strains analyzed by the AP
Staph system were identified as S. aureus, a fact also
reported by Renneberg et al. (1995). Thekit wasfound to
be inefficient in these cases since it did not request the
result of the fundamental and most widely accepted test
for the identification of S. aureus, i.e., the coagulase test
(Konemanet al. 1997).

According to Piccolomini et al. (1994), thelow agree-
ment between the API Staph and the traditional biochemi-
cal test for identification of CNS can be explained by the
use of different incubation times, substrate concentra-
tions and/or sensitivity markers.

In conclusion, the two methods modified in our labo-
ratory were found to be highly efficient for routine use
due to their high sensitivity and specificity compared to
the reference method, in addition to requiring fewer tests
and thus being more economical and faster than the stan-
dard method. Despite requiring a shorter incubation time
(18 h), the API Staph system showed alower sensitivity
in the identification of some species. Undoubtedly, CNS
speciesidentification will befacilited and encouraged by
theavailability of asimple, inexpensive, and accurate pro-
cedure, especially in placeswith limited resources.
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