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In a survey of bloodstream infection (BSI) isolates across the continental United States, 162 Candida albicans
isolates were fingerprinted with the species-specific probe Ca3 and the patterns were analyzed for relatedness
with a computer-assisted system. The results demonstrate that particular BSI strains are more highly con-
centrated in particular geographic locales and that established BSI strains are endemic in some, but not all,
hospitals in the study and undergo microevolution in hospital settings. The results, however, indicate no close
genetic relationship among fluconazole-resistant BSI isolates in the collection, either from the same geographic
locale or the same hospital. This study represents the first of three fingerprinting studies designed to analyze
the origin, genetic relatedness, and drug resistance of Candida isolates responsible for BSI.

Nosocomial infections are defined as those acquired by a
patient after residence is established in a hospital setting (6).
Although initiated in a hospital setting, the origin of the etio-
logic agent is not always obvious, and this is most evident in
infections involving organisms like Candida albicans, which can
be caused either by a commensal strain carried by the patient
into the hospital setting or by a strain acquired from the hos-
pital setting. Each year in the United States alone, approxi-
mately 2 million patients acquire a nosocomial infection (4, 6,
26). Of these, 250,000 will be life-threatening bloodstream
infections (BSIs), and approximately 10% of these will be due
to Candida spp. and other fungi (4, 6, 7, 16, 17, 26). Nosoco-
mial BSIs resulting from Candida spp. carry an attributable
mortality of approximately 40 to 50% and a mean excess length
of hospitalization of 30 days (36). With the added concern of
the emergence of antimicrobial resistance in Candida spp. (14,
18, 19, 21), it is now crucial that the origins and possible
specialization of nosocomial strains of Candida be investi-
gated.

C. albicans accounts for 50 to 70% of all nosocomial BSIs
resulting from Candida spp. (1, 4, 7, 17). C. albicans also rep-
resents the most prevalent commensal Candida spp. (16) and
has been demonstrated to reside in one or more body locations
in more than 70% of healthy women (34). The origin of nos-
ocomial BSIs caused by C. albicans, therefore, is complicated
by the fact that more than half of the patients at risk as well as
more than half of the hospital staff carry a commensal strain.
By fingerprinting C. albicans and a number of related species
with species-specific fingerprinting probes that include moder-
ately repetitive elements and analyzing strain relatedness with
computer-assisted systems (8, 11, 20, 29), one can test whether
nosocomial BSI isolates from a single hospital are genetically
identical, highly related, moderately related, or unrelated, wheth-
er in particular geographical locales, such as a city or region of
the United States (e.g., Northeast [NE], Southeast [SE], Mid-
west [MW], Northwest [NW], or Southwest [SW]), particular

nosocomial BSI strains predominate, whether particular nos-
ocomial BSI strains established in a particular hospital setting
are undergoing microevolution (10, 12), and whether particu-
lar nosocomial BSI strains in a particular geographical locale
or hospital are becoming resistant to drugs.

In the nosocomial BSI surveillance study conducted during
a 15-month period between 1995 and 1996 as part of the Sur-
veillance and Control of Pathogens of Epidemiological Impor-
tance (SCOPE) Program, 162 C. albicans BSI isolates were col-
lected from hospitals throughout the continental United States.
All C. albicans isolates were fingerprinted with the probe Ca3,
and the fingerprint patterns were compared with a computer-
assisted system in order to assess genetic relatedness. All C. al-
bicans isolates were also tested for fluconazole susceptibility.
By generating dendrograms and computing the average simi-
larity coefficients (SABs) for select sets of strains, genetic re-
latedness was assessed for isolates from specific hospitals, iso-
lates from specific geographical locales within the continental
United States, and isolates that were fluconazole resistant. The
results suggest that established BSI strains are endemic in
some, but not all, hospitals in the study and that these strains
are undergoing microevolution in the hospital setting. The re-
sults also suggest nosocomial strain specificity in particular
geographical regions of the continental United States. The re-
sults, however, suggest no genetic relationship among flucon-
azole-resistant isolates, even from the same hospital.

MATERIALS AND METHODS

Collection of BSI isolates. The SCOPE Program was established under the
auspices of Wyeth Ayerst Pharmaceuticals (Pearl River, N.J.) to identify, mea-
sure the frequency of, and assess the antimicrobial susceptibility patterns of the
predominant pathogens of nosocomial BSIs obtained from approximately 50
medical centers throughout the continental United States. Each participating
hospital collected isolates during a 15-month period between April 1995 and
June 1996. Fungal isolates (one per patient) were cultured on nutrient agar slants
and were sent on a monthly basis to the Microbiology Laboratories at the
University of Iowa Hospitals and Clinics, Iowa City, for storage and character-
ization.

Organism identification. All fungal blood culture isolates were initially iden-
tified at each participating institution by the routine procedures of that institu-
tion. Upon receipt at the University of Iowa, fungal isolates were subcultured
onto potato dextrose agar (Remel, Lenexa, Kans.) and Chromagar Candida agar
(Hardy Diagnostics, Santa Maria, Calif.) to assess viability and strain homoge-
neity. Species were then identified with Vitek and API products (bioMerieux, St.
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Louis, Mo.) and by other conventional methods, as required. All Candida isolates
were stored as water suspensions or on agar slants at ambient temperature.

DNA fingerprinting. Fingerprinting with the moderately repetitive DNA fin-
gerprinting probe Ca3 was used to assess the genetic relatedness of the C. albi-
cans isolates (2, 10, 24, 29, 33). This method was selected because it was previ-
ously demonstrated to reflect the genetic distance between highly related,
moderately related, and unrelated isolates with approximately the same resolving
power as the randomly amplified polymorphic DNA method and the multilocus
enzyme electrophoresis method but to be faster than these last two methods and
highly amenable to computer-assisted analysis for large-scale studies and future
retrospective studies (20). In brief, cells from individual storage slants were
grown to the late logarithmic phase in YPD broth (2% glucose, 2% Bacto Pep-
tone, 1% yeast extract). DNA from each isolate was then prepared by the method
of Scherer and Stevens (27). DNA was measured in a Sequoia-Turner 45 flu-
orometer (Barnstead/Thermodyne, Dubuque, Iowa), digested with the restric-
tion enzyme EcoRI, and separated in a 0.8% (wt/vol) agarose gel containing 16
lanes. In each case, test isolates were run in the inner 14 lanes and the reference
strain 3153A was run in the outer 2 lanes. When the indicator dye bromophenyl
blue had migrated to a point 16 cm from the origin of the gel, electrophoresis was
terminated and the gel was stained with ethidium bromide to verify equal load-
ing. The gel was then destained, transferred (25) to a Nitropure membrane
(Micron Separations, Inc., Wesborough, Mass.), and hybridized with randomly
primed 32P-labeled Ca3 probe by previously described methods (29). Hybridized
membranes were then autoradiographed with XAR-S film (Eastman Kodak Co.,
Rochester, N.Y.) with a Cronex Lightning-Plus intensifying screen (Dupont Co.,
Wilmington, Del.).

To compare the DNA fingerprints of the 162 isolates, autoradiogram images
were digitized into Dendron software, version 2.0 (Solltech Inc., Oakdale, Iowa),
by using the transparency option of a Scanjet II scanner (Hewlett-Packard, Palo
Alto, Calif.). Each pattern was processed for distortions, and lanes and bands
were automatically identified. The SAB between the patterns for every pair of
strains A and B was computed by the formula SAB 5 2E/(2E 1 a 1 b), where E
is the number of bands in the patterns for strains A and B sharing the same
positions, a is the number of bands in the pattern for strain A with no positional
correlates in the pattern for strain B, and b is the number of bands in the pattern
for strain B with no positional correlates in the pattern for strain A. This
computation is based upon band position alone rather than band position plus
intensity (35) and has proven to be most effective in the analysis of moderately
related isolates (8, 12, 20). An SAB of 0.00 indicates that the patterns for strains
A and B share no common bands, an SAB of 1.00 indicates that all bands in the
pattern for strain A are common to those in the pattern for strain B, and SABs
ranging between 0.01 and 0.99 represent increasing levels of similarity. In a
recent analysis of unrelated C. albicans strains with the Ca3 probe and this
computation of SAB, the average SAB was 0.65 6 0.11 (20). Histograms of SABs
were generated by direct comparison of the patterns for every pair of isolates in
a selected group. Dendrograms based on SAB values were generated by the
unweighted pair group method (31). In cluster analyses, the selection of SAB
thresholds (12) is explained later in the text. To assess the integrity and stability
of clusters generated by the unweighted pair group method (3), the Test Den-
drogram Stability option of the Dendron, version 2.0, software package was used.
In this assessment, the system first randomly permutes the order of isolates in the
genesis of the dendrogram. This has the consequence of changing the order of
group pairing, which represents a test of the stability of clusters (3). The system
then adds noise to the dendrogram matrix by randomly computing values in the
matrix with 62% or 65%, respectively, and generates dendrograms accordingly,
again testing the stability of clusters.

Statistical tests. To compare the average SABs for defined collections, a
two-sample t test for independent samples with unequal variances was used (23).
The null hypothesis in this case was that no difference existed between tested
pairs of average SABs. To compare proportions of isolates in clusters generated
at a particular SAB threshold, a chi-square test was used (23). The null hypothesis
in this case was that no difference existed between proportions. Fisher’s exact test
(23) was used for small sample sizes. The null hypothesis in this case was that the
results were due to randomness. In all cases, significance was considered to be a
P value of #0.05.

Fluconazole susceptibility. Fluconazole susceptibility was tested by the refer-
ence broth microdilution method described by the National Committee for
Clinical Laboratory Standards (13). Quality control was performed with Candida
parapsilosis ATCC 22019 and Candida krusei ATCC 6258. A fluconazole-resis-
tant isolate was defined as an isolate requiring $64 mg of fluconazole per ml for
growth inhibition, as described by Rex et al. (22) and by the National Committee
for Clinical Laboratory Standards (13).

RESULTS

The general collection of BSI isolates. To test for geograph-
ical localization of BSI strains, the continental United States
was arbitrarily separated into the NE, SE, MW, SW, and NW
according to the dashed-line borders in Fig. 1. Although Pitts-
burgh, Pa., and Danville, Pa., are in a traditional NE state, they

are geographically closer to the Ohio border, a traditional MW
border, than to the remaining NE cities in this study. There-
fore, an analysis of average SABs was performed. In that anal-
ysis the isolates from these two cities were included or ex-
cluded from the MW or NE collections, and an explanation for
their inclusion in the MW locale is presented below. Similarly,
although Norfolk, Va., and Richmond, Va., are in a traditional
SE state, they are geographically closer to the NE cities than to
the remaining SE cities in this study. Similarly, we performed
an analysis of average SABs in which the isolates from these
two cities were included or excluded from the NE and SE
collections, and an explanation for their inclusion in the NE
locale is presented below. The United States was further sep-
arated into East and West according to the solid vertical line
bisecting North Dakota and the five states directly south of it.
Hospitals which provided one or more BSI C. albicans isolates
are noted by the filled circles in the general map (Fig. 1).
Isolates were obtained from 44 patients in the NE, 41 patients
in the SE, 37 patients in the MW, 33 patients in the SW, and
7 patients in the NW (Table 1). Two of the isolates that were
originally typed as C. albicans by their sugar assimilation pat-
terns did not generate a complex pattern when probed with the
Ca3 probe (e.g., NYBX in Fig. 2B) and were later confirmed to
be Candida dubliniensis (9). Within each geographical locale
there was an uneven distribution of isolates between partici-
pating hospitals. For instance, in the NE collection two isolates
were obtained from hospital PAL in Lancaster, Pa., while 14
isolates were obtained from hospital NYB in New York City,
and in the SW collection two isolates were obtained from
hospital CAF in Fullerton, Calif., while 22 isolates were ob-
tained from hospital NVL in Las Vegas, Nev. (Table 1). In
addition, only one-third as many isolates were obtained from
the western division compared to the number obtained from
the eastern division of the United States (Table 1). The effects
of unequal distributions will therefore be considered in com-
parisons between individual geographical locales or East-West
sectors.

Differences exist in the average SABs of the total collections
from the different geographical locales of the continental
United States. One hundred sixty-two BSI isolates exhibited
complex Southern blot hybridization patterns with the Ca3
probe. In Fig. 2A, the patterns of isolates from Ohio, Virginia,
Massachusetts, Pennsylvania, and New York are presented. In

FIG. 1. Geographical separations and the locations of hospitals from which
one or more BSI isolates of C. albicans were obtained. Dashed lines delineate the
following geographical locales: NE, SE, MW, SW, and NW. The solid line
separates East and West sections of the continental United States.
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all cases, bands in the Ca3 pattern were discrete and amenable
to automatic computer-assisted analysis. In all cases, the bands
have been defined according to specific hybridization to endo-
nuclease digestion fragments of the 11-kb Ca3 probe (2, 10).
The average SAB for the entire collection of 162 C. albicans
isolates was 0.71 6 0.09 (Fig. 3A). The distribution of SABs was
bell shaped and ranged from 0.35 to 1.00 (Fig. 3A). The aver-
age SAB for the entire collection was significantly higher than
the average SAB value of 0.65 6 0.11 previously computed by
the same method (i.e., band position only) for 22 isolates
originally selected for unrelatedness (20). The P value com-
puted for the difference was 0.02. The average SABs for isolates
from the East and West regions of the United States (Fig. 1)
were 0.71 6 0.10 and 0.74 6 0.10, respectively (Fig. 4A and D,
respectively). Again, the distributions of SABs were relatively
bell shaped (Figure 4A and D). The average SABs for the total
East and the total West collections were higher than the pre-
viously computed average SABs for unrelated isolates (20), with
P values of ,0.05 and 0.01, respectively. These results indicate
that within the total collection and within the East or West
collection there was a higher level of relatedness than in a
random collection.

There were also significant differences in average SABs be-
tween the five geographical locales, NE, SE, MW, NW, and
SW (Fig. 3B through F, respectively). The average SABs for
isolates from the MW and NW were 0.67 6 0.10 and 0.68 6
0.07, respectively (Fig. 3D and E, respectively), neither of which
was significantly different from the average SAB of 0.65 6 0.11

previously determined for unrelated isolates (20). Again, the
distributions of SABs for the MW and NW collections were
relatively bell shaped (Fig. 3D and E, respectively). The aver-
age SAB for isolates from the SE was 0.71 6 0.09 (Fig. 3C),
which was significantly higher than that previously determined
for unrelated isolates (20), with a P value of ,0.05. The aver-
age SABs for isolates from the NE and SW were 0.77 6 0.09
and 0.76 6 0.09 (Fig. 3B and F, respectively), both of which
were significantly higher than that previously determined for
unrelated isolates (20), with P values in both cases of 0.001.
The average SABs for isolates from the SW or NE were signif-
icantly higher than those for isolates from the NW, SE, and
MW, with P values ranging between ,0.05 and 0.001. These
results suggest that the individual collections of isolates from
the NE and SW were each more intrarelated than the collec-
tions from the MW, NW, or SE.

Since Pittsburgh and Danville, Pa., are close to the tradi-
tional Pennsylvania-Ohio border of the MW locale, they could

TABLE 1. Geographical origin of C. albicans BSIs

Region
(total no.

of isolates)
City, state Code: Hospital

and isolates

NE (n 5 44) Springfield, Mass. MAS1 to MAS3
New York, N.Y. NYN1 to NYN13
New York, N.Y. NYB1 to NYB14
Langhorne, Pa. PAL1 and PAL2
Norfolk, Va. VAN1 to PAL5
Richmond, Va. VAR1 to PAL7

SE (n 5 41) Savannah, Ga. GAS1 to GAS6
Ft. Lauderdale, Fla. FLF1 to FLF10
Savannah, Ga. GAM1 to GAM7
Orlando, Fla. FLO1 to FLO12
Miami, Fla. FLM1 to FLM6

MW (n 5 37) Omaha, Nebr. NEO1 and NEO2
Pittsburgh, Pa. PAP1 to PAP9
Danville, Pa. PAD1 to PAD5
Des Moines, Iowa IAD1 to IAD6
Iowa City, Iowa IAI1 to IAI5
Park Ridge, Ill. ILP1 and ILP2
Akron, Ohio OHA1
Danville, Ill. ILU1
Indianapolis, Ind. INI1
Sioux Falls, S.D. SDS1 to SDS5

NW (n 5 7) Billings, Mont. MTB1 to MTB4
Cheyenne, Wyo. WYC1
Spokane, Wash. WAS1 and WAS2

SW (n 5 33) Fullerton, Calif. CAF1 and CAF2
Bakersfield, Calif. CAB1 and CAB2
Las Vegas, Nev. NVL1 to NVL22
Sun City, Ariz. AZS1 to AZS4
Albuquerque, N.M. NMA1 to NMA3

FIG. 2. Examples of the Ca3 Southern blot hybridization patterns of the
C. albicans BSI isolates tested in this study. (A) Example of one of the test blots
in this study. Note that the standard strain 3153A is run in the first and last lanes
to normalize the gel for comparison to the universal standard in the Dendron
program. (B) Patterns of isolates from New York hospital NYB. At the bottom
of each gel, comparison of the patterns at SAB thresholds of $0.90 and $0.80 are
made. The checkmarks indicate the relatedness of the patterns at these thresh-
olds. Molecular sizes (in kilobases) are given to the left of each gel.
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be considered in either the NE or the MW locale. With and
without isolates from these two cities, the average SABs for the
MW collection were 0.677 6 0.099 and 0.672 6 0.093, respec-
tively; with and without these isolates, the average SABs for the
NE collection were 0.749 6 0.096 and 0.771 6 0.089, respec-
tively. Therefore, addition of the isolates to the NE collection
lowered the average SAB slightly, while addition to the MW
collection increased it only slightly. These results suggested
that, on average, the Pittsburgh and Danville, Pa., isolates were
more related to the MW collection than to the NE collection.
For that reason, they were incorporated into the former col-
lection. Since Norfolk and Richmond, Va., are traditionally
considered SE cities but are close to the traditional NE-SE
border and, in absolute distance, are closer to the average NE
city than to the average SE city in this study, they could have
been considered in the NE or SE. With and without isolates
from these two cities, the average SABs for the NE collection
were 0.771 6 0.087 and 0.756 6 0.096, respectively; with and
without these isolates, the average SABs for the SE collection
were 0.677 6 0.099 and 0.672 6 0.093, respectively. While
addition of the isolates to either the NE or SE collections
increased the SAB for each collection slightly, the effect was
greater for the NE collection. These results suggest that the
Norfolk and Richmond, Va., isolates are more related to the

NE isolates than to the SE isolates. For that reason they were
included in the NE collection.

The average SAB for the MW collection was significantly
lower than that for the NE or the SE collection (Fig. 3). When
the MW collection was removed from the East collection, the
average SAB increased from 0.71 6 0.10 to 0.74 6 0.09 (Fig. 4A
and B, respectively). The change was significant, with a P value
of 0.001, supporting the suggestion that isolates of the MW
collection were less interrelated than the isolates of the NE
and SE collections. In contrast, if the SE collection was re-
moved from the East collection, the average SAB increased
insignificantly from 0.71 6 0.10 to 0.72 6 0.10 (Fig. 4A and C,
respectively), reinforcing the conclusion that isolates of the NE
and SE collections were more interrelated than they were with
isolates of the MW collection.

The results obtained by analyzing the full collections from
the five geographical locales could be interpreted to suggest
that isolates from select geographical locales differ in their
levels of interrelatedness. However, because the collections
were not matched for the number of hospitals per geographical
location or the number of isolates per hospital and because
groups of highly related isolates from individual hospitals
would skew the average SAB to higher values, this interpreta-
tion must be more carefully scrutinized. Therefore, the collec-
tion from each geographical locale was first individually tested
for highly related sets of isolates from individual hospitals. In
such cases, collections from geographical locales were refined
so that only one isolate from any highly related cluster of
isolates from the same hospital was used in the computation of
the average SAB for each geographical locale.

NE collection. The collection of NE BSI isolates totaled
44 from six hospitals (Table 1). The isolates from New York
City hospitals NYB and NYN represented 61% (27 of 44) of
the total NE collection (Table 1). A dendrogram for all NE
isolates based on SABs computed between all pairs is presented
in Fig. 5A. The initial threshold used to discriminate clusters in
this and all subsequent dendrograms was 0.80, which was ap-

FIG. 3. Distributions, average SABs, and number of pairwise comparisons
(N) of all isolates (A), NE isolates (B), SE isolates (C), MW isolates (D), NW
isolates (E), and SW isolates (F). SABs are presented as average 6 standard
deviation. The solid vertical line notes the average SAB computed for unrelated
isolates (20). Dashed vertical lines note the average SAB of each respective
collection.

FIG. 4. Distributions, average SABs, and number of comparisons (N) of com-
plete East collection (A), East collection minus MW collection (B), East collec-
tion minus SE collection (C), and complete West collection (D). See legend to
Fig. 3 for details.
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proximately 45% the distance between an SAB of 0.65, the
previous estimate of unrelatedness (20), and an SAB of 1.00,
representing identicalness. Thirty-eight of the 44 isolates (86%)
separated into seven clusters, clusters a through g (Fig. 5A).
The distribution of isolates from individual hospitals in the
clusters was nonrandom. For instance, the largest cluster, clus-
ter c, contained 79% (11 of 14) of the NYB isolates. If the
distribution of isolates among clusters were random, only 32%
of the NYB isolates would have fallen within this cluster (i.e.,
the proportion of NYB isolates in the total NE collection). The
concentration of NYB isolates in cluster c was significant, with
a P value of 0.008. In addition, 7 of the 11 NYB isolates in this
cluster formed subclusters of two or three for which SABs of
0.97 or greater. The high level of pattern similarity at SAB
thresholds of $0.80 and $0.90 between the NYB isolates is
demonstrated in Fig. 2A and B. The high level of relatedness
of NYB isolates suggests that they originated from a single
clone of C. albicans endemic to the NYB hospital setting. The
small differences in the Ca3 patterns of highly related isolates
with SABs of $0.90 (Fig. 2B) were due primarily to changes in
the hypervariable C-fragment bands at molecular sizes greater
than 7.9 kb (1, 10), which have been shown to be indicators of
microevolution (10, 11).

Similar results were obtained with the isolates from hospital
NYN in New York City. Five of the 13 isolates coclustered in
cluster g (Fig. 5A). No isolates from other hospitals in the NE
coclustered with the NYN isolates in cluster g (Fig. 5A). The
concentration of NYN isolates in cluster g was significant, with

a P value equal to 0.001. In addition, three NYN isolates co-
clustered with the majority of NYB isolates in cluster c and two
NYN isolates clustered alone in cluster e (Fig. 5A). In contrast,
of the seven isolates from the Virginia hospital VAR, only two
coclustered in cluster f (Fig. 5A). The remaining five VAR iso-
lates did not cocluster. Only one VAR isolate fell in the dom-
inant cluster, cluster c, and one VAR isolate coclustered with
two Massachusetts isolates in cluster a (Fig. 5A). The remain-
ing three VAR isolates were unrelated to the rest of the iso-
lates in the collection as well as to each other and separated at
the top or bottom of the dendrogram (Fig. 5A). Finally, two of
the three isolates from the Massachusetts hospital MAS co-
clustered in cluster a. These results suggest that while some
hospitals, such as NYB and NYN, harbor endemic strains that
have undergone microevolution and that are responsible for a
significant portion of nosocomial BSI infections, other hospi-
tals, such as VAR, do not.

SE collection. The collection of SE BSI isolates totaled 41
(Table 1), and the average SAB for the collection was 0.71 6
0.09 (Fig. 3C), which was significantly lower than that for the
entire NE collection (Fig. 3A) (P 5 0.01). Collections from the
five individual hospitals in the SE contained between 6 and 12
isolates (Table 1). A dendrogram for all SE isolates is pre-
sented in Fig. 5B. Thirty of the 41 isolates (73%) separated
into six different clusters, a smaller proportion than that of the
total NE collection (Table 2). Again, the distribution of iso-
lates in clusters defined by a SAB threshold of 0.80 was not
random. For example, FLO isolates represented 72% (8 of 11)

FIG. 5. Dendrograms of the C. albicans collections from the NE (A), SE (B), MW (C), SW (D), and NW (E). The vertical line within each diagram denotes the
SAB threshold of 0.80. The lines to the right of each dendrogram delineate clusters based on an SAB threshold of $0.80.
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of the isolates in the largest cluster, cluster c (Fig. 5B). If the
distribution were random, the proportion of FLO isolates in
cluster c would have been 29%, which is the proportion of FLO
isolates in the SE collection (Table 1). The concentration of
FLO isolates in cluster c was significant, with a P value of 0.006.
Similar nonrandom distributions were obtained for isolates
from hospitals FLF and FLM. FLF and FLM isolates each
accounted for 44% of cluster d (Fig. 5B) but for only 24 and
14%, respectively, of the SE collection (Table 1). In addition,
two of the three isolates in cluster c were from hospital FLF
and both isolates in cluster e were from hospital GAM (Fig.
5B).

MW collection. The collection of MW BSI isolates totaled 37
(Table 1), and the average SAB for the collection was 0.67 6
0.10 (Fig. 3D), which was close to the computed SAB for un-
related isolates (20). The number of isolates per hospital
ranged between one and nine (Table 1). A dendrogram for all
MW isolates is presented in Fig. 5C. Twenty-three of the 37
isolates (62%) separated into eight clusters (Fig. 5C). This
represents a significantly lower proportion than those of the
NE and SE collections, with P values of 0.025 and 0.05, respec-
tively. The MW collection did not form any clusters as large as
the largest cluster in either the NE or the SW collection (Fig.
5). In spite of the lower average SAB, the distribution of many
of the isolates in the dendrogram for the MW collection was
nonrandom. For instance, four of the seven isolates (57%) in
the largest cluster, cluster g, were from hospital PAD (Fig. 5C).
If the distribution were random, PAD isolates would have
represented 14% of this cluster, the proportion of PAD iso-
lates in the MW collection (Table 1). The concentration of
PAD isolates in cluster g was significant, with a P value of
0.0025. The seven additional clusters contained between two
and three isolates each, and four of these clusters each con-
tained two isolates from the same hospital (Fig. 5C).

SW collection. The collection of SW BSI isolates totaled 33
(Table 1), and the average SAB for the collection was 0.76 6
0.09 (Fig. 3F). The collection was dominated by 22 isolates
(67%) from a single hospital, hospital NVL (Table 1). A den-
drogram for all SW isolates is presented in Fig. 5D. Twenty-
two of the 33 isolates (67%) separated into three clusters. This
represents a lower proportion than those for the NE or the SE
collection (Table 2). The differences were significant, with P
values of ,0.05. A single cluster, cluster b, contained 18 iso-
lates. Fifteen of these 18 isolates, or 83% of the isolates in
cluster b, were from hospital NVL (Fig. 5D). If the distribution
were random, only 67% of the isolates in cluster b would have
been from NVL. Two additional NVL isolates coclustered, but

none of the isolates from the remaining four SW hospitals
coclustered.

NW collection. The collection of NW BSI isolates was small,
consisting of seven isolates from three hospitals (Table 1), and
the average SAB for the collection was 0.68 6 0.07 (Fig. 3E), a
value close to that for previously analyzed unrelated isolates
(20). A dendrogram for NW isolates is presented in Fig. 5E.
Only one cluster containing two isolates formed, and it formed
right at the threshold of 0.80. The isolates were from different
hospitals. Although this collection was too small for meaning-
ful comparisons with the collections from the other geograph-
ical regions, it should be noted that the collection of four
isolates from hospital MTB did not cocluster.

The NE harbors the most related BSI isolates. To obtain a
meaningful comparison of the levels of interrelatedness of
isolates from the different geographical locales, the SABs were
computed for each collection after a refinement process in
which all but one member of each cluster (defined by an SAB
of $0.80) from a single hospital were removed from each
collection (Table 2). The region with the highest average
SAB for the refined collection was the NE. The average SAB
dropped from 0.77 6 0.09 for the entire NE collection to
0.74 6 0.08 for the refined NE collection (Table 2). The latter
value was still well above the measure of unrelatedness (0.65 6
0.11) determined previously (20). The average SAB for the
refined collection from the SE represented the next highest
SAB (Table 2). The average SAB in this case dropped from
0.76 6 0.09 for the entire SE collection to 0.70 6 0.08 for the
refined SE collection (Table 2). The latter was significantly
lower than that for the refined collection from the NE, with a
P value of 0.001. The average SAB for the refined collections
from the MW and SW were even lower than that for the
refined collection from the SE. The average SAB for the MW
remained at 0.67 when the collection was refined (Table 2),
demonstrating that the isolates in the collection were relatively
unrelated to begin with. The average SAB for the SW collection
dropped from 0.71 6 0.09 for the entire collection to 0.68 6
0.08 for the refined collection (Table 2).

The high level of relatedness between isolates in the refined
NE collection was reflected in higher proportions of isolates in
clusters defined by an SAB threshold of 0.80 and an SAB thresh-
old of 0.90 (Table 2).

Testing the stability of clustering. Although the unweighted
pair group method (31) provides a rapid method for approxi-
mating clusters, it does not represent in all cases the individual
SABs obtained by direct pairwise SAB computation. Therefore,
mistakes can be made by this method in the genesis of higher-
order clusters (3). One way to test the stability of a dendro-
gram generated by this method is to randomize the order of
isolates chosen in the genesis of the dendrogram, an option of
the software system used in this study. In addition, a second
way to test the stability of the generated dendrogram is to add
randomly noise of 62% and 65% to SABs. These two methods
were combined to test the stability of the representative cluster
c of the NE dendrogram (Fig. 5A). For each noise level (0, 2,
or 5%), 10 random permutations of the order used to generate
the dendrogram were performed. At 0% noise, randomization
in no case resulted in the loss of the original 21 isolates of the
c cluster and in three cases led to the addition of two to four
isolates to the c cluster (Table 3). At a noise level of 62%, the
c cluster in 9 of the 10 dendrograms generated contained all 21
isolates of the original c cluster; only 1 isolate was dropped
from the c cluster of one dendrogram generated through ran-
domization at 62% noise (Table 3). In five of the dendro-
grams, one to two new isolates were added to the cluster, and
in all cases, the SAB between the added isolate and the c cluster

TABLE 2. Relatedness of isolates in refined collections
from the different geographical localesa

Region
Avg. SAB
for total

collection

Avg. SAB
for refined
collection

% Isolates in
refined collection in

clusters for which
SABs were as

follows:

$0.80 $0.90

NE 0.77 6 0.09 0.74 6 0.08 77 27
SE 0.71 6 0.09 0.68 6 0.08 65 8
MW 0.67 6 0.10 0.67 6 0.09 61 14
SW 0.76 6 0.09 0.70 6 0.08 39 22

a In the refinement process all but one member of isolates from a single
hospital in each cluster (defined by an SAB of $0.80) were removed from each
collection.
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in the original dendrogram was 0.78 or 0.79 (Table 3). At a
noise level of 5%, the c clusters of 6 of the 10 dendrograms
contained all of the original 21 isolates of the original c cluster,
3 contained 20 of the 21 isolates, and 1 contained 19 of the 21
isolates. Again, additions to the c cluster occurred, this time in
a majority of the dendrograms, and the SABs between the clus-
ter with the additional isolates and the c cluster in the original
dendrogram ranged between 0.73 and 0.79. Together, these
results demonstrate that the c cluster is relatively stable and
suggest that use of the Ca3 probe to generate fingerprint pat-
terns through the unweighted pair group method provides rel-
atively stable clusters at a threshold SAB of 0.80.

Individual hospitals harbor endemic nosocomial BSI strains.
In the dendrograms generated from the total collections of
each geographical locale, it was demonstrated that isolates
from several of the individual hospitals coclustered in a non-
random fashion (Figure 5), suggesting the existence of hospi-
tal-entrenched or endemic strains. To examine this point fur-
ther, the average SAB was computed and dendrograms were
generated for select individual hospital collections (Fig. 6). Of
the 24 hospitals from which two or more isolates were ob-
tained, 7 produced collections for which average SABs were
$0.75 and 4 produced collections for which average SABs were
$0.80 (Table 4). The NE contained the greatest proportion of
individual hospital collections for which average SABs were
$0.75, while the SW contained the lowest proportion (Table 4)

(the NW collection was too small to be included in this com-
parison).

In the seven hospital collections for which average SABs
were above 0.75, the proportion of isolates in clusters defined
by a threshold of 0.80 ranged between 93 and 67% (Table 4).
In all cases, this was above 59%, the level obtained with an
unrelated collection (Table 4) (20). In six of these seven hos-
pital collections, the proportion of isolates in clusters defined
by a threshold of 0.90 ranged between 33 and 68%, all higher
than the 27% value obtained with an unrelated collection (Ta-
ble 4). In the dendrograms of the NYB, FLO, and NVL col-
lections, clusters defined by a threshold of 0.90 contained four
or more isolates (Fig. 6D, E, and G, respectively). In particu-
lar, one cluster in the NYB dendrogram contained 7 of the 14
isolates (50%) of this particular hospital collection (Fig. 6D).
Since several NYB and NYN isolates coclustered in the den-
drogram of the entire NE collection (Fig. 5A), a combined
dendrogram was generated for the two hospital collections
(Fig. 6L). One NYN isolate, NYN8, entered the highly related
NYB cluster defined by an SAB threshold of 0.90. At a thresh-
old of 0.80, 15 of the 27 isolates (56%) from the combined
collection generated a single mixed cluster (Fig. 6L).

In one hospital collection, FLF, for which the average SAB
was 0.73 6 0.09, SABs for two pairs of isolates were $0.90 (Fig.
6J), representing 40% of the isolates (Table 4), and in another
collection, PAP, for which the average SAB was 0.68 6 0.09,
SABs for two pairs of isolates were $0.90 (Fig. 6K), represent-
ing 44% of the isolates (Table 4). Together, these results dem-
onstrate that while the dendrograms of some hospital collec-
tions contain significant clusters of moderately (threshold SAB,
$0.80) and highly (threshold SAB, $0.90) related isolates, sug-
gesting that they harbor endemic BSI strains, the dendrograms
of other hospital collections do not contain similar clusters,
suggesting the absence, in the latter cases, of endemic strains.

Geographical specificities of select BSI isolates. To test
whether highly related isolates from a single hospital also ex-
hibited geographical specificity, we compared the proportion
of isolates in collections from specific geographical locales and
the proportion of isolates in the total collection for which SABs
with select hospital isolates were $0.80 or $0.90 (Table 5). To
compute these proportions, we refined the collection by re-
moving all but one of the isolates from the same hospital which
clustered at an SAB threshold of $0.80. Several of the isolates
selected from hospital-enriched clusters exhibited geographi-
cal specificity. For instance, for isolate NYB10, which origi-
nated from a cluster containing seven BSI isolates from hos-
pital NYB (Fig. 6D), the SAB with 38 isolates in the total
collection, 16 (42%) of which were from the NE, was $0.80
(Table 5). If relationships were random, the latter value would
have been 22%, the proportion of isolates in the total collec-
tion for which SABs with NYB10 were $0.80. The difference
was significant, with a P value of 0.002. For NYB10 the SAB
with 16 isolates of the total collection, 9 (56%) of which were
from the NE, was $0.85 (Table 5). If the relationships were
random, the latter value would have been 10%, the proportion
of isolates in the total collection for which SABs with NYB10
were $0.85. Again, the difference was significant, with a P
value of 0.002. Isolate NYB9 showed even stronger geograph-
ical specificity. The SAB for NYB9 with 11 isolates in the total
collection, eight (73%) of which were from the NE, was $0.80
and the SAB with two isolates in the total collection, both
(100%) of which were from the NE, was $0.85 (Table 5).
Again, if random, the latter proportions in each case would
have been 7 and 10%, respectively, the proportions of isolates
in the total collection for which SABs with NYB9 were $0.80
and $0.85, respectively.

TABLE 3. Testing of the integrity of clustering by randomizing the
initial pair and adding noise in the genesis of dendrogramsa

Noise
level
(%)

% Original
c isolates in
new cluster

No. of new isolates
penetrating c

cluster

Original SAB(s) for
added isolate and the

original c cluster

0 100 (21) 0
100 (21) 0
100 (21) 0
100 (21) 0
100 (21) 0
100 (21) 0
100 (21) 2 0.78, 0.78
100 (21) 2 0.78, 0.78
100 (21) 0
100 (21) 4 0.79, 0.79, 0.78, 0.78

2 100 (21) 0
100 (21) 0
100 (21) 2 0.79, 0.79
100 (21) 1 0.78
100 (21) 2 0.79, 0.79
100 (21) 2 0.79, 0.79
100 (21) 0
95 (20) 1 0.78

100 (21) 0
100 (21) 0

5 100 (21) 1 0.78
100 (21) 1 0.78
100 (21) 0
95 (20) 1 0.79
95 (20) 1 0.73
90 (19) 4 0.78, 0.78, 0.73, 0.73

100 (21) 3 0.79, 0.76, 0.79
100 (21) 3 0.78, 0.78, 0.79
95 (20) 3 0.73, 0.73, 0.78

100 (21) 0

a The integrity of the c cluster of the NE dendrogram (Fig. 5A) was assessed
in the analysis. The original c cluster contained 21 isolates. Ten random starts
were analyzed at each noise level.
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In the case of isolates FLO3, FLO8, NYN6, and PAP3, there
appeared to be marginal or no specificity to geographical lo-
cales (i.e., NE, SE, etc.). In the case of NVL, there was neither
specificity to the geographical locale nor specificity to the gen-
eral region (Table 5). These results suggest that while some
isolates are relatively specific to a geographical locale, others
are not.

The genetic relatedness of fluconazole-resistant isolates. All
isolates were tested for fluconazole resistance according to the
criteria set forth in Materials and Methods. Fifteen such iso-
lates (isolates FLO10, FLF6, FLM5, NYB13, NYB3, FLM2,
NVL8, VAR1, SDS2, GAS2, IAI3, NYN5, IAI5, GAM5, and
MTB4) were identified, including representatives from all five
geographical locales. While the NE and SW were underrepre-

FIG. 6. Dendrograms of collections from individual hospitals. Vertical solid and dashed lines denote SAB thresholds of 0.80 and 0.90, respectively. The average 6
standard deviation SAB for each collection is noted at the top of each panel.
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sented according to their proportions in the entire collection,
the SE was overrepresented. The average SAB for fluconazole-
resistant isolates was 0.67 6 0.09, which is very close to the
average SAB of 0.65 6 0.09 for unrelated isolates (20). At an
SAB threshold of 0.80, the two NYB isolates, isolates NYB3
and NYB13, represented the only fluconazole-resistant isolates
from the same hospital which coclustered, but even in this case
the SAB was less than 0.85 (dendrogram not shown). Several of
the fluconazole-resistant isolates were members of hospital-
specific clusters but were the sole representatives in the flu-
conazole-resistant collection of isolates. For instance, NYB13
was a member of a cluster of seven NYB isolates for which
SABs were $0.90, yet it was the only member of that cluster
which was fluconazole resistant. These results suggest that the
fluconazole-resistant isolates in the present collection were not
highly related across the continental United States or even in
a particular geographical locale.

DISCUSSION

In order to control nosocomial infections, it is imperative
that the origins of the infecting organisms be identified. In the
case of C. albicans and related species, this problem is com-
plicated by commensalism. Since C. albicans is an opportunis-
tic pathogen capable of living benignly in the oral cavity, gas-
trointestinal tract, and genitalia of healthy individuals (15), the
origin of a nosocomial infection may be the microflora of the
patient, the attending physicians and medical staff, other
neighboring patients, visiting family and friends, or the physical

hospital environment. If the infecting pathogen originates in
the established microflora of the patient, there should be no
hospital-associated specificity. In other words, nosocomial iso-
lates should exhibit the same genetic diversity as isolates col-
lected randomly. If infecting pathogens originate from other
hospitalized patients, the hospital staff, or the hospital envi-
ronment, genetic diversity should be restricted. The latter pre-
diction is based upon a number of recent observations. First, it
has been demonstrated that specific strains of C. albicans are
highly adapted to different anatomical locations since different
strains may be carried by the same healthy individual at dif-
ferent body locations (34). These strains have been demon-
strated to be maintained over relatively long periods of time
(32). Therefore, the restricted set of strains carried by a resi-
dent medical staff should not vary significantly over a time
period of 15 months, the period of collection in this study.
Second, it has been demonstrated for both C. albicans (10, 11,
30) and Candida glabrata (12) that the major scenario in re-
current vaginal infections is strain maintenance over time, with
or without microevolution. In addition, if C. albicans can adapt
to an anatomical niche and establish and maintain itself in that
niche over long periods of time, then select strains may also
establish and maintain themselves over long periods of time in
a hospital setting. Nosocomial isolates from such a hospital
setting would be highly related, but not identical, since such a
hospital-entrenched strain would undergo microevolution (10–
12). If specific strains adapt or specialize in a hospital setting,
they may also establish themselves in a number of hospitals
within the same geographical setting, such as the NE.

DNA fingerprinting provides a means for approaching these

TABLE 5. Geographical specificities of select isolates from clusters

Hospital
collection

isolate

Geo-
graphical

locale

East or
West

SAB
thresh-

old

No. of isolates spe-
cific to geographical

locale/total no. of
isolates (%)

No. of isolates
specific to East
or West/total
no. of isolates

(%)

FL03 SE E 0.80 2/6 (33) 5/6 (83)
0.85 1/3 (33) 3/3 (100)
0.90 1/2 (50) 2/2 (100)

FL08 SE E 0.80 1/7 (14) 7/7 (100)
0.85

FLF10 SE E 0.80 2/5 (40) 4/5 (80)
0.85

IAD2 MW E 0.80

PAP3 MW E 0.80 0/11 (0) 6/11 (55)
0.85 0/3 (0) 3/3 (100)

NYB10 NE E 0.80 16/38 (42) 28/38 (74)
0.85 9/16 (56) 13/16 (81)
0.90 0/1 (0) 1/1 (100)

NYB9 NE E 0.80 8/11 (73) 11/11 (100)
0.85 2/2 (100) 2/2 (100)

NYN6 NE E 0.80 1/5 (20) 5/5 (100)
0.85 0/2 (0) 2/2 (100)

NVL9 SW W 0.80 6/17 (35) 7/17 (41)
0.85

NVL11 SW W 0.80 4/22 (18) 4/22 (18)
0.85 0/3 (0) 0/3 (0)

TABLE 4. Isolates from the same hospital are in
many cases highly related

Region Hospital No. of
isolates

Average
SAB

% Isolates in
clusters for
which SABs

are as follows

$0.80 $0.90

Unrelateda 22 0.65 6 0.11 59 27

NE NYB 14 0.83 6 0.10b 93 50
NYN 13 0.76 6 0.08 92 31
VAN 6 0.81 6 0.07 80 60
VAR 7 0.71 6 0.07 29 0
NYB 1 NYN 27 0.79 6 0.09 89 52

SE FLF 10 0.73 6 0.09 70 40
FLM 6 0.80 6 0.07 83 33
FLO 12 0.77 6 0.11 67 67
GAM 7 0.69 6 0.08 29 29
GAS 6 0.72 6 0.10 50 0

MW IAD 6 0.70 6 0.11 67 33
IAI 5 0.74 6 0.08 80 0
PAD 5 0.85 6 0.10 80 60
PAP 9 0.68 6 0.09 44 44
SDS 5 0.67 6 0.08 40 0

SW AZS 4 0.72 6 0.06 50 0
NVL 22 0.77 6 0.09 68 68

NW MTB 4 0.69 6 0.05 0 0

a This set represents a collection of C. albicans isolates which was considered
unrelated in a previous study (20) and includes the following isolates: FC-12,
FC-15, FC-5, FC-27, FC-2, FC-21, FC-25, FC-6, FC-18, FC-24, FC-22, FC-4,
FC-13, FC-8, FC-26, FC-9, FC-10, FC-20, FC-28, FC-29, FC-7, and FC-16.

b Underscores represent SABs significantly different from a random collec-
tion.
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fundamental questions. Southern blot hybridization with the
complex probe Ca3, multilocus enzyme electrophoresis, and
randomly amplified polymorphic DNA analysis were recently
compared for their effectiveness in assessing genetic distance
in a collection of C. albicans isolates that contained identical,
highly related, moderately related, and unrelated isolates (20).
The results demonstrated relative equivalence in their capac-
ities to discriminate and cluster isolates in the different cate-
gories, although Southern blot hybridization with the Ca3
probe had an advantage in discriminating between the most
highly related isolates. Here we have used Southern blot hy-
bridization with Ca3 not only because of its effectiveness in
assessing relationships between moderately and highly related
isolates and in identifying microevolution but also because of
its amenability to computer-assisted analysis. In particular, we
have taken advantage of the last characteristic to assess the
relatedness of a large number of nosocomial isolates from
patients with BSIs collected across the continental United
States during a time period of 15 months. This represents the
first of three studies. It will be followed by a second survey of
isolates from the same hospitals 2 years after the first study to
test the maintenance of endemic strains in select hospitals
suggested in the present study. In addition, a detailed longitu-
dinal study of BSI isolates from hospitals with established
nosocomial strains will be performed to assess microevolution
and to test the emergence of drug-resistant strains.

Use of SABs and dendrograms to assess genetic distance. We
have used in this analysis the SAB based on the position of
bands in the Ca3 pattern to compare relatedness and to gen-
erate dendrograms. To compute average SABs, we have used
the individual SABs between pairs computed directly from pair-
wise computations. Since dendrograms based on SABs gen-
erated by the unweighted pair group method are somewhat
flawed because the branch points are influenced by the order
of pairing (3), we have not used the dendrograms other than to
consider general clustering patterns. We have tested the rig-
orousness of the clusters in the dendrograms by two methods,
first by randomizing the order of the isolates scanned in the
genesis of dendrograms and second by introducing noise to the
SAB values in the genesis of the dendrograms. In both cases, we
have demonstrated the relative stability of clusters formed at
thresholds of $0.80. We have used this threshold because of
the rigorousness of the clusters that it defines and because it is
close to the halfway point between the SAB of 0.65 previously
computed for unrelatedness (20) and the SAB of 1.00 repre-
senting identicalness.

Geographical specificities of BSI isolates. Although the col-
lections from different geographical locales were not matched,
they provided us with enough information to suggest geograph-
ical differences. By using only one isolate in a cluster from each
individual hospital, we have found that the average SAB for the
refined NE collection was significantly higher than the average
SABs for the refined collections of the remaining three geo-
graphical locales (i.e., SE, MW, and SW), from which more
than 10 BSI isolates were obtained. The average SABs for the
four locales were 0.74 6 0.08, 0.68 6 0.08, 0.67 6 0.09 and
0.70 6 0.08, respectively. In the case of the NE and the SW the
average SABs for the refined collections were significantly
higher than that previously computed for 22 unrelated isolates
of C. albicans (20). These results suggest that the BSI isolates
from a single geographical locale can be more highly related
than a random set of isolates and that isolates from one geo-
graphical locale (in this case, the NE) can be, on average, more
highly related than isolates from other geographical locales.

By selecting individual isolates from different geographical
locales and computing the number of isolates in the general

collection related to them at SABs of $0.80, 0.85, or 0.90, we
have also demonstrated the geographical specificities of select
isolates. Several BSI isolates showed geographical specificities
not only in their restricted geographical locales but also in the
East or West portion of the United States. These results sup-
port previous demonstrations of the geographical specificities
of some strains (5, 28).

Hospital-entrenched strains. Our results also suggest that
while in some cases the SABs for BSI isolates from a hospital
are close to those for a random group of isolates (e.g., the nine
isolates from hospital PAP), for isolates from other hospitals
(e.g., the 14 isolates from hospital NYB), the average SABs are
remarkably high. In the former case, for 44% of the isolates
SABs were $0.80, while in the latter case, for 93% of the
isolates SABs were $0.80. This result suggests that while the
BSI isolates from some hospitals reflect random origins, con-
sistent with the heterogeneity of commensal organisms carried
into the hospital by patients, the BSI isolates from other hos-
pitals show restricted diversity, consistent with a hospital ori-
gin. The high degree of relatedness of the latter is consistent
with ongoing transmission of C. albicans within the hospital
setting. The reasons for the potential differences in transmis-
sion between different hospitals are under investigation but
could reflect the patient population at the different hospitals,
underlying diseases, duration of hospitalization, or differences
in infection control practices. In the case of select hospitals in
this study, bacterial BSI as well as fungal BSI isolates exhibited
a high degree of relatedness (18a), suggesting that deficiencies
in general infection control practices may be the reason for the
endemic BSI strains of C. albicans identified. The possibility
that such nosocomial transmission is mediated by carriage of
the infecting strain on the hands of health care workers is
under investigation. The detection of endemic strains of C. al-
bicans does not prove that patients hospitalized in these set-
tings are at greater risk for a C. albicans BSI, although it is a
possibility that can now be tested.

Fluconazole-resistant isolates. Our results suggest that in
some hospitals, a single strain of C. albicans has established
itself, and the fact that unrelated patients in the same hospital
are infected with highly related but nonidentical isolates sug-
gests that hospital-entrenched strains are diversifying through
microevolution. If a hospital-entrenched strain became drug
resistant, there arises the possibility that a significant propor-
tion of highly related isolates from BSIs in a single hospital
would be drug resistant. In the collection analyzed here, this
would have been apparent as a cluster in a dendrogram of
fluconazole-resistant isolates from the entire collection. In fact,
we found that for fluconazole-resistant isolates in the collec-
tion SABs were low, and these isolates did not generate clusters
for which the SAB threshold was 0.85. Furthermore, single
isolates from highly related hospital clusters were fluconazole
resistant, while the remaining members of the cluster were not.
This result suggests that drug-resistant BSI strains may not
dominate in a hospital setting; rather, drug-resistant isolates
emerge from among the endemic strains. In other words, flu-
conazole-resistant strains of C. albicans may not predominate
in a single geographical locale or a single hospital setting. For
instance, NYB13, a fluconazole-resistant isolate, was a mem-
ber of the very large c cluster of the NYB dendrogram con-
taining 11 of the 14 NYB isolates (Fig. 4A). No other member
of that cluster was fluconazole resistant. The only other NYB
isolate that was fluconazole resistant was NYB3, and that iso-
late was one of the three NYB isolates not in the c cluster (i.e.,
NYB3 and NYB13 were not highly related). However, the
number of fluconazole-resistant isolates in the present BSI
collection was relatively low, and therefore, this does not ex-
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clude the possibility that fluconazole-resistant C. albicans
strains can become endemic in some hospital settings, a pos-
sibility with negative ramifications for compromised patients.
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