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In view of this increasing importance of fungal infections
reported from other countries, it was agreed in 1990 that all
microbiological laboratories in Norway should participate in a
prospective fungemia study. The specific objectives of the study
should be threefold: (i) to define the incidence of fungal bloodstream infections in Norway, (ii) to identify the spectrum of
pathogens causing yeast bloodstream infections, and (iii) to
obtain antifungal susceptibility data for Norwegian bloodstream isolates. This report presents the data from this study
for the period from 1991 to 1996.

Several studies, especially those from the United States,
have shown that the incidence of fungal bloodstream infections
has increased during recent years. It has, for instance, been
shown by the National Nosocomial Infections Surveillance
(NNIS) system for U.S. hospitals that the proportion of bloodstream infections caused by fungal pathogens increased from
5.4% in 1980 to 9.9% in 1990 (6). An increase in fungal bloodstream infections has also been reported from hospitals outside the United States (7, 8, 14, 33).
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MATERIALS AND METHODS
The medical microbiological laboratory network in Norway consists of 5 regional laboratories (all university hospitals), 13 county laboratories, and 3 hospital laboratories. These laboratories cover the microbiology services for all
hospitals in Norway. All the laboratories have participated in the study.
Most laboratories use an automated blood culture system such as BACTEC
(Becton Dickinson Microbiology Systems) or BactAlert (Organon Teknika
Corp.), but a few laboratories have also used nonautomated commercial blood
culture systems. One laboratory used the lysis-centrifugation blood culture system (Isolator blood culture system; E. Merck, Darmstadt, Germany) on a routine
basis for part of the study period. Identification of the yeast species isolated from
a cultured blood specimen is carried out by most of the laboratories.
Episodes of fungemia among hospitalized patients were recorded in each
laboratory. An episode of fungemia was defined as at least one blood culture
positive for fungi. Episodes of fungemia in a single patient were considered
distinct if they occurred at least 1 month apart.
Approximately 90% of the strains were sent to the Mycological Reference
Laboratory at the National Institute of Public Health (NIPH), Oslo, for identification and susceptibility testing. The following investigations were done at
NIPH.
Identification. Identification to the species level was based on germ tube
production, microscopic morphology on cornmeal agar, carbohydrate fermentation and assimilation, and urease activity (29). The identification obtained by a
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Since 1991 information on yeast isolates from blood cultures has been recorded prospectively from all
microbiological laboratories (5 university and 16 county or local hospital laboratories) in Norway (population,
4.3 million). From 1991 to 1996 a total of 571 episodes of fungemia in 552 patients occurred (1991, 109 episodes;
1992, 81 episodes; 1993, 93 episodes; 1994, 89 episodes; 1995, 98 episodes; and 1996, 101 episodes). The
fungemia rates per 10,000 patient days were 0.29 in 1991 and 0.27 in 1996. The average rates for the years 1991
to 1996 were 0.37 for the university laboratories and 0.20 for the other laboratories. These rates are low
compared to the rate (0.76) in five Dutch university hospitals in 1995 and the rate (2.0) in Iowa in 1991. The
four most frequently isolated species were Candida albicans (66%), Candida glabrata (12.5%), Candida parapsilosis (7.6%), and Candida tropicalis (6.4%). The incidences of both C. albicans (range, 63 to 73%) and C.
glabrata (range, 8.4 to 15.7%) varied somewhat throughout this period, but no significant increase or decrease
was noted. MICs of amphotericin B, flucytosine, and fluconazole were determined for 89% of the isolates. All
were susceptible to amphotericin B, and only 29 (5.6%) strains had decreased susceptibility to flucytosine. All
C. albicans isolates were susceptible to fluconazole. The percentage of yeast isolates with decreased susceptibility to fluconazole (MICs, >16 mg/ml) did increase, from 9.6% in 1991 and 1992 to 12.2% in 1994, 16.1% in
1995, and 18.6% in 1996. This was largely due to increases in the percentages of resistant C. glabrata and
Candida krusei strains in the last 2 years. Compared to the incidence in other countries, it is remarkable that
Norway has such a low and constant incidence of fungemia. A possible reason for this difference might be a
restricted antibiotic use policy in Norway.
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TABLE 1. Episodes of bloodstream yeast infections in Norway
from 1991 to 1996

Year

No. of
episodes of
fungemia

No. of episodes No. of episodes of fungemia
per 10,000 PDa
of fungemia
per 1,000
County University
All
discharges
hospitals hospitals hospitals

1991
1992
1993
1994
1995
1996

109
81
93
89
98
101

0.20
0.15
0.17
0.17
0.17
0.17

0.21
0.13
0.16
0.18
0.26
0.20

0.43
0.36
0.40
0.33
0.26
0.37

0.29
0.22
0.25
0.24
0.26
0.27

1991 to 1996

571

0.17

0.19

0.36

0.26

PD, patient days of care.

Yeast species

C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Candida guillermondii
Cryptococcus neoformans
Candida kefyr
Candida norvegensis
Other speciesa
Yeast not identified
Total

conventional scheme was occasionally supported by using a commercial system,
ATB 32 C (bioMérieux, Marcy l’Etoile, France).
Susceptibility testing. During the 6 years of this study the susceptibility testing
methods used at NIPH have changed somewhat. From 1991 until the end of
1993 a microdilution method in broth was used for amphotericin B and flucytosine (25) and an agar dilution method was used for fluconazole (31). The agar
dilution method has been found to give results comparable to those given by the
reference broth dilution method proposed by the National Committee for Clinical Laboratory Standards (NCCLS) Subcommittee on Antifungal Susceptibility
Testing (31).
Since the beginning of 1994 a colorimetric microdilution method based on
NCCLS recommendations has been used (21). Several strains from the period
from 1991 to 1993 have been retested for their susceptibilities to amphotercin B,
flucytosine, and fluconazole by the colorimetric method. The following strains
were selected for retesting according to the indicated criteria: strains for which
the fluconazole MIC was $1.5 mg/ml or the flucytosine MIC was $2 mg/ml. In
addition, all Candida glabrata strains were retested, irrespective of previous
susceptibility test results.
The colorimetric broth microdilution method was performed as described by
Pfaller and Barry (21). Testing was performed with twofold drug dilutions in
RPMI 1640 medium (Sigma Chemical Co., St. Louis, Mo.) buffered to pH 7.0
with 0.165 M morpholinepropanesulfonic acid buffer (Sigma). The antimycotic
stock solutions were diluted according to the recommendations of NCCLS (18).
The final concentrations were as follows: amphotericin B, 0.03 to 16 mg/ml;
flucytosine, 0.125 to 64 mg/ml; and fluconazole, 0.125 to 64 mg/ml. The microdilution method is based on the NCCLS recommendations, in which a spectrophotometric method of inoculum preparation with a concentration of 0.5 3 103
to 2.5 3 103 cells per ml in RPMI 1640 medium is used. Yeast inocula (100 ml)
were added to each well of microdilution trays containing 100 ml of antimycotic
solution (23 final concentration). An oxidation-reduction indicator (Alamar
Blue; Alamar Biosciences, Inc., Sacramento, Calif.) was added to each well at the
time of inoculation (25 ml of Alamar Blue per well). The trays were incubated in
air at 35°C and were read after 24 and 48 h. Growth was indicated by a color
change from dark blue to red. The colorimetric microdilution MIC was defined
as the lowest concentration of the antimycotic agent preventing the development
of a red color.
The recently published NCCLS breakpoint criteria (18, 26) have been used in
this study.

RESULTS
During the 6 years from 1991 to 1996 a total of 571 episodes
of fungemia in 552 patients occurred in Norway (Table 1). Five
patients had mixed infections with two yeast isolates; a total of
576 yeast strains were therefore recovered (Table 2). Thirteen
patients had two or more episodes of fungemia which occurred
at least 1 month apart. Ten patients had two episodes of fungemia; the same yeast species was recovered from nine of these
patients. Three patients had more than two episodes of fungemia: one patient with three episodes (all Candida albicans)
over 6 months, one patient with four episodes (all Candida
parapsilosis) over 8 months, and the last patient with five episodes (four C. albicans and one C. glabrata) over 9 months.
Of the 552 patients, 57% were male and 43% were female.
The majority of the patients (63%) were older than 50 years;

No. (%) of isolates
1991 1992 1993 1994 1995 1996

75
16
11
3
0
1
1
0
0
3
0

53
7
10
6
1
2
0
0
0
2
2

59
10
8
10
2
1
1
0
0
3
0

65
9
4
5
1
0
0
0
0
4
1

64
14
6
4
5
0
2
2
1
0
0

110

83

94

89

98

Total

64 380 (66.0)
16 72 (12.5)
5 44 (7.6)
9 37 (6.4)
2 11 (1.9)
2
6 (1.0)
1
5 (0.9)
1
3 (0.5)
1
2 (0.3)
1 13 (2.3)
0
3 (0.5)
102 576

a

Other species included Candida blankii, Candida inconspicua, Candida lusitaniae, Candida sake, Candida sphaerica, Cryptococcus uniguttulatus, Geotrichum
capitatum, Blastoschizomyces capitatus, Malassezia pachydermatis, Malassezia furfur, Rhodotorula rubra, Saccharomyces cerevisiae, and Sporobolomyces hisparicus
(one isolate of each species).

34% were older than 70 years, and 29% were ages 50 to 69
years. Thirty-five patients (6%) were less than 1 year old.
The annual number of episodes of bloodstream yeast infections remained fairly constant at approximately 100 episodes
per year (range, 81 to 109 episodes) (Table 1). During the 6
years of this study the participating hospitals delivered a total
of 22,351,023 patient days of care, averaging 3,725,171 6
48,833 (mean 6 standard deviation) patient days per year.
There were no increases in the rates of bloodstream yeast
infections expressed as episodes per 10,000 patient days (Table
1) from 1991 to 1996. This is true both for large university
hospitals and for the other hospitals. The number of fungemic
episodes per 1,000 discharges also remained constant at 0.17.
The various fungal species isolated and the frequencies at
which they occurred are listed in Table 2. The four most frequently isolated species were C. albicans (66%), C. glabrata
(12.5%), C. parapsilosis (7.6%), and Candida tropicalis (6.4%).
The incidences of both C. albicans (range, 63 to 73%) and C.
glabrata (range, 8.4 to 15.7%) varied somewhat throughout this
period, but no significant increase or decrease was noted.
Bloodstream C. parapsilosis infections decreased from 10% in
1991 to 5% in 1996, while the incidence of C. tropicalis infections increased from 3% in 1991 to 9% in 1996. These differences were, however, not statistically significant (by the chisquare test, P . 0.05).
The MICs of amphotericin B, flucytosine, and fluconazole
were determined for 513 (89%) of the 576 strains (Table 3). All
these strains were susceptible to amphotericin B. Most strains
were also susceptible to flucytosine; 10 (3%) C. albicans
strains, 2 (3%) C. glabrata strains, and 1 (3%) C. tropicalis
strain had decreased susceptibilities to flucytosine (MICs, $8
mg/ml). For all 11 Candida krusei strains flucytosine MICs were
$16 mg/ml. The proportions of isolates with decreased susceptibility to flucytosine were below 1% in 1991 and 1992, 8.9% in
1993, 5.4% in 1994, 9.2% in 1995, and 5.2% in 1996.
The majority of C. albicans, C. parapsilosis, and C. tropicalis
isolates were susceptible to fluconazole (Table 3). Of 415 isolates belonging to these three species one C. parapsilosis strain
and two C. tropicalis strains had decreased susceptibilities to
fluconazole (MICs, $16 mg/ml). All C. krusei strains were
resistant to fluconazole (MICs, $64 mg/ml), and for 42 (64%)
C. glabrata strains fluconazole MICs were $16 mg/ml. The
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TABLE 2. Yeast strains isolated from blood cultures in Norway
from 1991 to 96
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TABLE 3. Susceptibilities of 513 yeast isolates from blood cultures
to antifungal agents
Species

No. of
isolates

Amphotericin B

C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Other species

Fluconazole

Flucytosine

MIC (mg/ml)a
50%

90%

336
66
44
35
11
21

0.5
0.5
0.5
0.5
1
0.5

0.5
1
1
1
1
1

C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Other species

336
66
44
35
11
21

0.5
16
1
2
64
4

C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Other species

336
66
44
35
11
21

0.25
0.5
0.125 0.25
0.125 0.5
0.125 0.5
16
32
0.125 64

1
64
1
4
64
64

Range

0.03–1
0.03–1
0.03–1
0.03–1
0.25–1
0.06–1
0.25–4
1–128
0.25–16
0.5–128
64–128
0.5–64
0.064–64
0.064–16
0.064–1
0.064–64
16–32
0.125–64

a
50% and 90%, MICs at which 50 and 90% of isolates, respectively, are
inhibited.

proportions of yeast isolates with decreased susceptibility to
fluconazole (MICs, $16 mg/ml) did, however, increase from
9.6% in 1991 and 1992 to 12.2% in 1994, 16.1% in 1995, and
18.6% in 1996. This was largely due to increases in the numbers of fluconazole-resistant C. glabrata and C. krusei strains in
the last 2 years (in 1995, 7 C. glabrata strains and 5 C. krusei
strains; in 1996, 13 C. glabrata strains and 2 C. krusei strains).
For three of the four laboratories with the largest number of
isolates (.40 isolates) during this period (all were university
hospitals), the proportions of isolates with decreased susceptibility to fluconazole varied between 6 and 9%. The fourth
laboratory had 14 (22%) isolates with decreased susceptibility
to fluconazole.
DISCUSSION
Several studies from different parts of the world have shown
that bloodstream fungal infections are increasing. In the
United States this was noted in some hospitals nearly 20 years
ago. Horn et al. (13) observed that the total number of episodes of fungemia increased by 31% in a large cancer hospital
from the period from 1974 to 1977 compared to that from the
period from 1978 to 1982. More comprehensive data from the
hospitals participating in the NNIS system showed that the rate
of nosocomial yeast infections increased markedly between
1980 and 1990 (6). The rate increased by 487% from 1980 to
1989 among large teaching hospitals and by 219% among small
teaching hospitals. Among nonteaching hospitals increases of
75% for small hospitals and 370% for large hospitals were
found (5). For the years from 1990 to 1992 Candida spp. were
the fourth most common bloodstream pathogen among hospitals participating in the NNIS system (15). In some institutions
in the United States yeasts now account for 10 to 15% of all
microorganisms recovered from cultures of blood (10, 20, 34).
Increases have also been reported in other countries. At the
National Taiwan University Hospital, a 27-fold increase in
bloodstream infections due to Candida spp. was found from
1980 to 1994, and since 1993 Candida spp. have become the

most common cause of nosocomial bloodstream infections
(14). A markedly increased incidence was also noted at a
tertiary-care hospital in India, from 15 patients in 1991 to 275
patients in 1996 (8). Studies from a Danish university hospital
showed a gradual increase in the annual incidence of fungemia,
from 19 episodes in 1989 to 57 episodes in 1994 (7). In one
university hospital in Norway Candida spp. accounted for 1%
of the microorganisms isolated from blood during the period
from 1974 to 1979 and 2.2% (seven isolates per year) of the
microorganisms isolated from blood during the period from
1988 to 1989 (12). A retrospective study from five Dutch university hospitals found an increase from 57 bloodstream yeast
infections in 1987 to 100 episodes in 1995 (33). The rate doubled from 1987 to 1995, reaching an incidence of 0.76 episodes
(rate of candidemia, 0.72 episodes) per 10,000 patient days.
Our data show that the incidence of bloodstream yeast infections in Norway has remained constant at approximately
100 episodes per year for the period from 1991 to 1996. The
number of episodes per 10,000 patient days is low (0.26) and
also remained constant during those 6 years. As expected,
there was a higher incidence at the university hospitals (0.36
episodes per 10,000 patient days) compared to that at the
county hospitals (0.19 episodes per 10,000 patient days). The
average incidence at the five university hospitals in Norway was
2.1-fold lower than the incidence reported for the five Dutch
university hospitals (0.36 versus 0.76) in 1995 (33), and the
incidence in 1991 at these five Norwegian hospitals was 4.7fold less than the incidence at the University of Iowa Hospitals
and Clinics for the same year (0.43 versus 2) (23).
Compared to the incidence in other countries it is remarkable that Norway has such a low incidence of fungemia and
also that the fungemia rate has remained constant in the 6-year
period from 1991 to 1996. Possible reasons for this difference
might be a restricted antibiotic use policy in Norway (2) and
perhaps also that the antibiotic use is different from that in
many other countries. The recommended therapy for septicemia of unknown etiology is, for instance, still a combination of
an aminoglycoside and penicillin. Aminoglycoside use might
be important since this group of antibiotics has no impact on
the anaerobic flora of the gut, and yeast overgrowth is therefore less likely to occur (16, 28). Voss et al. (33) also suggested
that the restricted antibiotic use policy of Dutch physicians
may be the reason for a comparatively low incidence of candiemia in Dutch university hospitals.
The various yeast species isolated from blood often have a
predictable pattern of susceptibility to antifungal drugs. It is
therefore important to know the species distribution of isolates
causing fungemia in each country and, preferably, in each
hospital. Studies from different parts of the world have shown
that the occurrence of yeast species may vary quite a lot (4, 8,
11, 14, 17, 27, 30). Usually, C. albicans accounts for more than
50% of the yeast species isolated; but in one study from the
United States (1) and one study from South Africa (4), C.
albicans was isolated from 42% of patients, and in studies from
India (8) and Brazil (11), C. albicans was isolated from only 25
and 20% of the patients, respectively.
Recently, it has also been reported from some institutions in
the United States (1, 19, 24, 34) and also from other parts of
the world (8, 9, 33) that there has been a shift in the Candida
spp. associated with nosocomial bloodstream infections. In one
institution in the United States C. albicans caused 80% of
bloodstream candidal infections in 1984 but was responsible
for fewer than 50% of these infections in 1991 (34). The number of infections caused by C. tropicalis, C. parapsilosis, and
other Candida spp. increased. At the M. D. Anderson Cancer
Center in Houston, Tex., a decrease in the incidence of C.
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albicans and C. tropicalis infections and an increase in the
incidence of C. krusei and possibly C. glabrata infections were
found between 1988 and 1992 (1). A significant decrease in
incidence among patients with leukemia was also observed at
that institution over the study period. In the studies from The
Netherlands, India, and Taiwan (8, 9, 33), a shift in the species
distribution parallelled an increased incidence. The reason for
this change in epidemiology is not clear. It has been related by
some investigators to the introduction of fluconazole and its
widespread use (1, 24, 36), but this view has been questioned
(35). It is also unlikely that the differences in species distribution reported from various countries could be explained by
fluconazole use alone.
In Norway C. albicans accounts for approximately two-thirds
of the isolates causing fungemia (Table 2). This is comparable
to the situation in Denmark (7). C. glabrata is, however, isolated more frequently in Norway than in many other countries.
A similar high incidence was found at the start of this study in
1991 (14.5%) and at the end of the study (1995, 14.3%; 1996,
15.8%). It is unlikely that the high incidence in 1991 was
caused by fluconazole use since this drug was just licensed for
sale in Norway in 1991. The amount of fluconazole used in
1991 was 0.022 defined daily doses/1,000 inhabitants/day, and
the amount used in 1996 was 0.044 defined daily doses/1,000
inhabitants/day (19a).
Some microbiological laboratories in Norway use an agar
diffusion test to screen for resistance to antifungal drugs (31),
but susceptibility testing is not usually performed. The reason
for this is that the susceptibility patterns of yeast species isolated in Norway have been predictable and because routine
susceptibility testing of yeast isolates has not been recommended (22). All blood culture isolates and also other “important” isolates are, however, sent to the reference laboratory for
susceptibility testing. The results of this study, which covers
approximately 90% of the blood culture isolates in Norway for
the period from 1991 to 1996, confirms that the susceptibility
pattern is still quite predictable. All isolates were susceptible to
amphotericin B, and only 29 (5.6%) isolates had decreased
susceptibility to flucytosine. All C. krusei isolates (11 isolates)
and 10 of 336 C. albicans isolates were in this group. A much
higher degree of resistance to flucytosine has been reported
from other countries (3, 32). Susceptibility to fluconazole was
as expected. All C. albicans isolates were susceptible, and all C.
krusei isolates and approximately two-thirds of C. glabrata isolates had decreased susceptibilities to fluconazole. The proportion of yeast isolates with decreased susceptibility to fluconazole (MICs, $16 mg/ml) did, however, increase from 9.6% in
1991 to 18.6% in 1996. The proportion of resistant isolates
(MICs, $64 mg/ml) was 1% in 1991 and 5.1% in 1996. The
recommended fluconazole dosage in Norway for the treatment
of systemic candida infections is 400 mg on the first day and
200 mg per day thereafter (400 mg per day for serious infections). It is possible that a higher dosage should be used to
ensure adequate treatment of patients with infections caused
by less susceptible yeast isolates and possibly also to prevent
the selection of such isolates.
In conclusion, this study has shown that the incidence of
bloodstream fungal infections in Norway is remarkably low
compared to that in the United States and that this low rate
remained constant for a 6-year period from 1991 to 1996. The
reason for this difference is not known, but it would be interesting to investigate if this could be explained by differences in
antibiotic use patterns.
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